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Preface

ThisLSl isasingle-chip RISC microprocessor that integrates a Hitachi-original RISC-type
SuperH™* architecture CPU asits core that has an on-chip multiplier, cache memory, and a
memory management unit as well as peripheral functions required for system configuration such
as atimer, areatime clock, an interrupt controller, and a serial communication interface. This LSl
includes data protection and virtual memory functions, and was designed by building a memory
management unit onto an SuperH series microprocessor (SH-1 or SH-2).

High-speed data transfers on par with a direct memory access controller (DMAC) are
implemented An external memory access support function enables direct connection to each
memory. The SH7709A microprocessor also supports, an infrared communication function, an
A/D converter, and a D/A converter.

A powerful built-in power management function keeps power consumption low, even during high-
speed operation. This LS| can run at four times the frequency of the system bus operating speed,
making it optimum for electrical devices such as PDA requiring both high speed and low power.

This Hardware Manual describes the SH7709A hardware. For details of the instruction set, refer to
the Programming Manual .

Related Manual

SH7709A execution instructions:

SH-3, SH-3E, SH-DSP Programming Manual

Please consult your Hitachi sales representative for details of the devel opment support system.

Note:  SuperH isatrademark of Hitachi, Ltd.
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Revisions and Additionsin this Edition

Page

Item

Revisions

96

4.5.1 Resets
¢ Power-On Reset
*« Manual Reset

[This Edition]

The following sentence has been added.

A low level is output from the RESETOUT pin, and a
high level is output from the STATUSO and
STATUSL1 pins.

102

4.6 Cautions

[This Edition]
The following sentence has been added.

Differently from general reset processing, no signal is
output from RESETOUT, STATUSO, and STATUS1.

113

5.4.1 Address Array

[Former Edition]

in normal mode (8-kbyte cache)
[This Edition]

in normal mode (16-kbyte cache)

120

Table 6.2 INTC Registers

[This Edition]
The following note has been added.

The registers that have addresses that start with H'04
are allocated to area 1 in the physical space. When
the cache is enabled, these registers must be
accessed from the P2 area in the virtual space, or
appropriate settings must be made by the MMU so
that these register contents are not copied to the
cache.

121

6.2.1 NMI Interrupt

[Former Edition]

When the BLMSK bit in the ICR1 register is set...
[This Edition]

When the BL bit is 1 and the BLMSK bit in the ICR1
registeris setto 1...

122

6.2.3 IRL Interrupts

[Former Edition]
The priority level is the higher level indicated by pins
IRL3-IRLO and IRLS3-IRLSO.

[This Edition]
The priority level is the higher of those indicated by
pins IRL3-IRLO and IRLS3-IRLSO.
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126to | Table 6.4 Interrupt Exception [Former Edition]
129 Handling Sources and Priority IrDA
(IRQ Mode) SCIF
Table 6.5 Interrupt Exception SCIo
Handling Sources and Priority REF
(IRL Mode) [This Edition]
IrDA (SCI1)
SCIF (SCI2)
SCI (SCI0)
BSC (REF)
133 6.3.3 Interrupt Control Register | [Former Edition]
1 (ICR1) Masks NMI interrupts when set to 1. Also selects
Bit 15: Mask All Interrupts (MAI) | whether or not all interrupt requests when a low level
is being input to the NMI pin.
[This Edition]
When set to 1, masks all interrupt requests when a
low level is being input to the NMI pin. Masks NMI
interrupts in standby mode.
[Former Edition]
MAI=0: All interrupt requests are not masked
MAI=1: All interrupt requests are masked
[This Edition]
MAI=0: All interrupt requests are not masked when a
low level is being input to the NMI pin
MAI=1: All interrupt requests are masked when a low
level is being input to the NMI pin
197 8.7.2 Canceling Hardware [Former Edition]
Standby Mode Hardware standby mode cannot be canceled by an
interrupt or manual reset.
[This Edition]
If an interrupt or manual reset is input, correct
operation cannot be guaranteed.
211 9.5.1 Changing the [Former Edition]

Multiplication Rate

In clock modes 0-2 and 7, the internal and peripheral
clocks both stop.

[This Edition]

In clock modes 0-2 and 7, the internal and peripheral
clocks both stop, but the peripheral clock for WDT
will not stop.
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220 9.10.3 Using Watchdog Timer [This Edition]
Mode The following sentences have been added.
When a reset occurs, a low level is output from the
RESETOUT pin, and a high level is output from the
STATUSO and STATUS1 pins. The signal output
period is about one cycle of the count clock for
power-on reset, and about five cycles of the
peripheral clock for manual reset.
227 Table 10.1 BSC Pins [Former Edition]
Data enable 1, When memory other than synchronous DRAM and
Data enable 2, PCMCIA is used, ...
Data enable 3 [This Edition]
When memory other than synchronous DRAM is
used, ...
309 10.3.5 Synchronous DRAM [Former Edition]
Interface ... address updating is performed for A3 and A2 only.
Burst Read [This Edition]
... address updating is performed for A3 and A2 only
(A3, A2, and Al for a 16-bit bus width).
311 10.3.5 Synchronous DRAM [Former Edition]
Interface In the SH7709A, a burst write occurs only in the
Burst Write event of cache write-back.
[This Edition]
In the SH7709A, a burst write occurs only in the
event of cache write-back or 16-byte transfer by
DMAC.
328 Power-On Sequence [Former Edition]

With 32-bit bus width:

Area2 Area3
CAS latencyl FFFFD840 FFFFE840
CAS latency2 FFFFD880 FFFFE880
CAS latency3 FFFFD8CO FFFFE8CO
[This Edition]
Area2 Area3

32-bit CAS latencyl
Bus width CAS latency?2
CAS latency3

FFFFD840 FFFFE840
FFFFD880 FFFFES80
FFFFD8CO FFFFESCO

Area2 Area3

FFFFD420 FFFFE420
FFFFD440 FFFFE440
FFFFD460 FFFFE460

16-bit CAS latencyl
Bus width CAS latency?2
CAS latency3
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328 Power-On Sequence [Former Edition]
A15-A9=0000100 (burst read and single write)
A8-A6=CAS latency
A5=0 (burst type=sequential)
A4-A2=000 (burst length 1)
[This Edition]
Area2 Area3
32-bit Al5-A9 0000100
Bus width A8-A6 (burst read and single write)
A5 0 (burst type=sequential)
A4-A2 000 (burst length 1)
Area2 Area3
16-bit Al4-A8 0000100
Bus width A7-A5 (burst read and single write)
A4 0 (burst type=sequential)
A3-Al 000 (burst length 1)
387 Table 11.6 Relationship Transfer Size
between Request Modes and [Former Edition]
Bus Modes by DMA Transfer 128
Category Single Address Mode
[This Edition]
8/16/32/128
513 15.1 Overview [Former Edition]
IC card (smart card) interface that conforms to the
ISO/IEC7816-3 (Identification Card) standard
[This Edition]
IC card (smart card) interface that conforms to the
data transfer protocol T=0 (asynchronous half-duplex
character transmission protocol) of the ISO/IEC7816-
3 (Identification Card) standard
534 15.4 Usage Notes [This Edition]
The following paragraph has been added.
15.4.3 Block Transfer Mode Support
This smart card interface conforms to the T=0
(character transfer) protocols of ISO/IEC7816-3. As a
result, this smart card interface does not support
block transfer, in which error signals are neither sent
nor detected, and data is not automatically
retransmitted.
600 18.3.11 Port L Control Register | [Former Edition]

(PLCR)

Port input (Pull-up MOS: on)
Port input (Pull-up MOS: off)
[This Edition]

Port input

Port input
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619

Figure 19.7 Port G

[Former Edition]
AUDATAS3-AUDATAO (I/0)
[This Edition]
AUDATA3-AUDATAO (output)

626

19.12.2 Port L Data Register
(PLDR)

[This Edition]
The following sentence has been added.

Port L is multiplexed with analog pins, and does not
include pull-up MOSs.

675 to
677

Table 23.2 DC Characteristics

[This Edition]

The "current dissipation”, "input high voltage", and
"input low voltage" have been modified.

Note 2 has been added.

680

Table 23.5 Clock Timing (1)

[Former Edition]

PLL synchronization settling time 1 (PLL1)
[This Edition]

PLL synchronization settling time 1 (standby
canceled)

[Former Edition]
PLL synchronization settling time 2 (PLL2): Figures
23.9,23.11

[This Edition]

PLL synchronization settling time 2 (multiplication
rate modified):

Figures 23.10

[Former Edition]

IRQ interrupt determination time: Symbol tgogrg
[This Edition]

IRQ/IRL interrupt determination time: Symbol tg 5

681,
682

Table 23.5 Clock Timing (2) and
3

[Former Edition]
PLL synchronization settling time: Symbol t,,,,
Figures 23.8, 23.9, 23.10

[This Edition]
PLL synchronization settling time (standby canceled):
Symbol t,,,,, Figures 23.8, 23.9

[This Edition]
The following has been added.

PLL synchronization settling time 2 (multiplication
rate modified)

Symbol: t,,,

Min: 100

Max: -

Unit: ps

Figure: 23.10
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681, Table 23.5 Clock Timing (2) and | [Former Edition]
682 3) IRQ interrupt determination time:
Symb0| tIRQSTB
[This Edition]
IRQ/IRL interrupt determination time:
Symb0| tirisTe
— Figure 23.9 PLL [This Edition]
Synchronization Settling Time in | Figure deleted
Case of Reset or NMI
Figure 23.11 PLL
Synchronization Setting Time in
Case of IRQ/IRL Interrupt
687 Figure 23.10 PLL [This Edition]
Synchronization Settling Time Figure added
When Frequency Multiplication
Rate Modified
742 23.3.11 A/D Converter Timing [This Edition]
Section added
778, Table A.11 Pin States [This Edition]
779, (PCMCIA/Little Endian) The information about PCMCIA/IO interface (area 5)
782, Table A.12 Pin States has been added.
783 (PCMCIA/Big Endian)
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Section 1 Overview and Pin Functions

1.1 SH7709A Features

This LSl is a single-chip RISC microprocessor that integrates a Hitachi-original RISC-type
SuperH™* architecture CPU as its core that has an on-chip multiplier, cache memory, and a
memory management unit (MMU) as well as peripheral functions required for system
configuration such as a timer, a realtime clock, an interrupt controller, and a serial communic
interface. This LSI includes data protection, virtual memory, and other functions provided by
incorporating an MMU into a SuperH series microprocessor (SH-1 or SH-2).

High-speed data transfers can be performed by an on-chip direct memory access controller
(DMAC) and an external memory access support function enables direct connection to differ
types of memory. The SH7709A microprocessor also supports an infrared communication
function, an A/D converter, and a D/A converter.

A powerful built-in power management function keeps power consumption low, even during |
speed operation. This LSI can run at eight times the frequency of the system bus operating <
making it optimum for electrical devices such as PDAs that require both high speed and low
power.

The features of this LSl is listed in table 1.1. The specifications are shown in table 1.2.

Note: SuperH is a trademark of Hitachi, Ltd.
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Table 1.1 SH7709A Features

Item

Features

CPU

Original Hitachi SuperH architecture

Object code level compatible with SH-1, SH-2 and SH-3 (SH7708)
32-bit internal data bus

General-register files

O Sixteen 32-bit general registers (eight 32-bit shadow registers)

O Eight 32-bit control registers

O Four 32-bit system registers

RISC-type instruction set

O Instruction length: 16-bit fixed length for improved code efficiency
O Load-store architecture

O Delayed branch instructions

O Instruction set based on C language

Instruction execution time: one instruction/cycle for basic instructions
Logical address space: 4 Gbytes

Space identifier ASID: 8 bits, 256 logical address space

Five-stage pipeline

Clock pulse
generator (CPG)

Clock mode: An input clock can be selected from the external input (EXTAL
or CKIO) or crystal oscillator.

Three types of clocks generated:

O CPU clock: 1-16 times the input clock, maximum 133.34 MHz

O Bus clock: 1-4 times the input clock, maximum 66.67 MHz

O Peripheral clock: 1/4—4 times the input clock, maximum 33.34 MHz
Power-down modes:

O Sleep mode

0 Standby mode

0 Module standby mode

One-channel watchdog timer

Memory e 4 Gbytes of address space, 256 address spaces (ASID 8 bits)
management . .
unit (MMU) Page unit sharing
e Supports multiple page sizes: 1, 4 kbytes
e 128-entry, 4-way set associative TLB
e Supports software selection of replacement method and random-replacement
algorithms
e Contents of TLB are directly accessible by address mapping
2
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Table 1.1 SH7709A Features (cont)

Item

Features

Cache memory

16-kbyte cache, mixed instruction/data

256 entries, 4-way set associative, 16-byte block length
Write-back, write-through, LRU replacement algorithm
1-stage write-back buffer

Maximum 2 ways of the cache can be locked

Interrupt
controller (INTC)

Eleven external interrupt pins (NMI, IRQ5-IRQO, IRLS3-IRLSO0)
On-chip peripheral interrupts: set priority levels for each module

User break
controller (UBC)

2 break channels

Addresses, data values, type of access, and data size can all be set as break
conditions

Supports a sequential break function

Bus state
controller (BSC)

Physical address space divided into six areas (area 0, areas 2 to 6), each a
maximum of 64 Mbytes, with the following features settable for each area:

O Bus size (8, 16, or 32 bits)
O Number of wait cycles (also supports a hardware wait function)

O Setting the type of space enables direct connection to SRAM, DRAM,
Synchronous DRAM, and burst ROM

O Supports PCMCIA interface (2 channels)

O Outputs chip select signal (CS0, CS2—-CS6) for corresponding area
DRAM/Synchronous DRAM refresh function

O Programmable refresh interval

O Supports CAS-before-RAS refresh and self-refresh modes

O Supports power-down DRAM

DRAM/Synchronous DRAM burst access function

Usable as either big or little endian machine

Hitachi user-
debugging
Interface (H-UDI)

E10A emulator support

JTAG-standard pin assignment

Realtime branch address trace

1-kB on-chip RAM for fast emulation program execution

Timer (TMU)

3-channel auto-reload-type 32-bit timer

Input capture function

6 types of counter input clocks can be selected
Maximum resolution: 2 MHz
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Table 1.1 SH7709A Features (cont)

Iltem

Features

Realtime clock
(RTC)

Built-in clock, calendar functions, and alarm functions

On-chip 32-kHz crystal oscillator circuit with a maximum resolution (interrupt
cycle) of 1/256 second

Serial communi-
cation interface O
(SCIo/SCl)

Asynchronous mode or clock synchronous mode can be selected
Full-duplex communication
Supports smart card interface

Serial communi-
cation interface 1
(SCI1/IrDA)

16-byte FIFO for transmission/reception
DMA can be transferred
IrDA: interface based on 1.0

Serial communi-
cation interface 2
(SCI2/SCIF)

16-byte FIFO for transmission/reception
DMA can be transferred
Hardware flow control

Direct memory
access controller
(DMAC)

4 channels

Burst mode and cycle-steal mode

I/O port

Twelve 8-bit ports

A/D converter
(ADC)

10 bits + 4 LSB, 8 channels
Conversion time: 10 ps
Input range: 0-Vcc (max. 3.6 V)

D/A converter
(DAC)

8 bits + 4 LSB, 2 channels
Conversion time: 10 us
Output range: 0-Vcc (max. 3.6 V)

Product lineup

Power Supply Voltage Operating

Abbr. I/0 Internal Frequency Model Name Packege

SH7709A 3.3%0.3V  1.9+0.15V  133MHz HD6417709AF133  208-pin plastic

LQFP (FP-208C)

HD6417709ABT133 216-pin TFBGA
(TBT-216B)

1.8+0.15V 100MHz  HD6417709AF100  208-pin plastic
LQFP (FP-208C)

HD6417709ABT100 216-pin TFBGA
(TBT-216B)
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Table 1.2  Characteristics

Item Characteristics

Power supply voltage e 1/0:3.320.3V
Internal: 1.9 +0.15 V (133 MHz model), 1.8 +0.15 V (100 MHz model)

Operating frequency + Internal frequency: maximum 133.34 MHz (133 MHz model), 100 MHz
(100 MHz model); external frequency: maximum 66.67 MHz

Process ¢ 0.25-pm CMOS/3-layer metal

HITACHI



1.2

Block Diagram

Legend:
ADC:
ASERAM:
AUD:
BSC:
CACHE:
CCN:
CMT:
CPG/WDT:
CPU:
DAC:
DMAC:
H-UDI:

SH-3
< cpu
<> UBC
(2]
MMU 3
<> -
< AUD
< I SCI
TLB 2
< 2
s
<] )
CCN SK > T™™MU
<> ]
o
CACHE
<2 K> RTC
o)
-
ASERAM K
____>| BSC
uDlI < K IrDA
-
SCIF
NTC K o[
>| DMAC O§
S
I Sk Apc
CPGMWDT (K =
oMt Kd
K> DAC
External bus | o port <
interface
AID converter INTC:  Interrupt controller
ASE memory IrDA: Serial communicatiion interface (with IRDA)
Advanced user debugger MMU:  Memory management unit
Bus state controller RTC: Realtime clock
Cache memory SClI: Serial communication interface (with smart card interface)
Cache memory controller SCIF: Serial communication interface (with FIFO)
Compare match timer TLB: Address translation buffer
Clock pulse generator/watchdog timer TMU: Timer unit
Central processing unit UBC: User break controller

D/A converter
Direct memory access controller
Hitachi user-debugging interface

Figure 1.1 Block Diagram
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1.3

131

Pin Description

Pin Assignment
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IRQOUT
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Ve
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Y NOCoOUE®WRNESO

\
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V
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SO~
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2
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AN[LJ/PTL[1]
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AN[3)/PTL[3
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AN[6]/DA[1)/PTL[6]
AN[7]/DA[OJ/PTL[7]

AVss

8]

2]

[1]
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2
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E£2 gyl 08 h3E 39098
ik 2S5 2L TEE
o ETS
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i 353
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106 [ RAS3L/PTI[0]

cC
105 [ CKE/PTK[5]

SH7709A
FP-208C
(Top view)

dNmSLON®
S

2)
1]

IRQO/IRLO/PTHIO]
IRQ4/PTH|

D27/PTB|
D26/PTB|

Vss!

D25/PTB

CEZBIPTE[5]
CE2A/PTE[4]
CS6/CE1B
CSB/CETAIPTK3]
CS4/PTK[2]
CSB/PTKI[1]
CS2/PTK[0]

VecQ

CS0/MCS0

VssQ

AUDSYNC/PTE[7]

RD/WR
WES3/DQMUU/ICIOWR/PTK[7]
WE2/DOMUL/ICIORD/PTK[6]
WE1/DOMLU/WE
WEO/DQMLL

RD
BS/PTK[4]
A25

Figure 1.2 Pin Assignment (FP-208C)
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Figure 1.3 Pin Assignment (TBT-216B)
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1.3.2

Table 1.3

Pin Function

SH7709A Pin Function

Number of Pins

FP-208C TBT-216B  Pin Name 1/0 Description

1 B02 MD1 I Clock mode setting

2 A02 MD2 I Clock mode setting

3 B0O3 Vce-RTC™? — RTC power supply (1.9 V/1.8 V*®)

4 A03 XTAL2 (0] On-chip RTC crystal oscillator pin

5 B0O4 EXTAL2 I On-chip RTC crystal oscillator pin

6 A04 Vss-RTC™ — RTC power supply (0 V)

7 BO5 NMI I Nonmaskable interrupt request

8 A05 IRQO/IRLO/PTHIO] I External interrupt request/input
port H

9 B06 IRQ1/IRL1/PTHI[1] External interrupt request/input
port H

10 AO6 IRQ2/IRL2/PTH[2] External interrupt request/input
port H

11 BO7 IRQ3/IRL3/PTHI3] External interrupt request/input
port H

12 A07 IRQ4/PTH[4] External interrupt request/input
port H

13 BO8 D31/PTBJ[7] I/O Data bus / input/output port B

14 A08 D30/PTBI[6] I/0 Data bus / input/output port B

15 B0O9 D29/PTBI5] I/0 Data bus / input/output port B

16 A09 D28/PTB[4] I/O Data bus / input/output port B

17 B10 D27/PTBJ[3] I/0 Data bus / input/output port B

18 A10 D26/PTBJ[2] I/0 Data bus / input/output port B

19 B11 VssQ — Input/output power supply (0 V)

20 All D25/PTBJ[1] I/0 Data bus / input/output port B

21 B12 VeeQ — Input/output power supply (3.3 V)

22 Al12 D24/PTBJ0] I/O Data bus / input/output port B

23 B13 D23/PTA[7] I/0 Data bus / input/output port A

24 A13 D22/PTA[6] I/0 Data bus / input/output port A

25 B14 D21/PTA[5] I/O Data bus / input/output port A
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Table 1.3

Number of Pins

SH7709A Pin Function (cont)

FP-208C TBT-216B  Pin Name I/O Description

26 Al4 D20/PTA[4] 1/0 Data bus / input/output port A
27 B15 Vss — Power supply (0 V)

28 Al15 D19/PTA[3] I/O Data bus / input/output port A
29 B16 Vce — Power supply (1.9 V/1.8 V*°)
30 Al16 D18/PTA[2] I/0 Data bus / input/output port A
31 B17 D17/PTA[1] I/O Data bus / input/output port A
32 Al7 D16/PTA[O] 1/0 Data bus / input/output port A
33 B18 VssQ — Input/output power supply (0 V)
34 Al8 D15 I/O Data bus

35 B19 VeeQ — Input/output power supply (3.3 V)
36 A19 D14 I/10 Data bus

37 B20 D13 I/O Data bus

38 A20 D12 I/0 Data bus

39 B21 D11 I/10 Data bus

40 A21 D10 I/O Data bus

41 B22 D9 I/0 Data bus

42 A22 D8 I/10 Data bus

43 B23 D7 I/O Data bus

44 A23 D6 I/0 Data bus

45 B24 VssQ — Input/output power supply (0 V)
46 A24 D5 I/O Data bus

47 B25 VeeQ — Input/output power supply (3.3 V)
48 A25 D4 I/10 Data bus

49 B26 D3 I/O Data bus

50 A26 D2 I/0 Data bus

51 B27 D1 I/10 Data bus

52 A27 DO I/O Data bus

53 B28 A0 O Address bus

54 B29 Al O Address bus

55 Cc28 A2 (0] Address bus

10
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Table 1.3

SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 110 Description

56 C29 A3 O Address bus

57 D28 VssQ — Input/output power supply (0 V)
58 D29 A4 (0] Address bus

59 E28 VeeQ — Input/output power supply (3.3 V)
60 E29 A5 o Address bus

61 F28 A6 (0] Address bus

62 F29 A7 o Address bus

63 G28 A8 O Address bus

64 G29 A9 (0] Address bus

65 H28 Al0 o Address bus

66 H29 All O Address bus

67 J28 Al12 (0] Address bus

68 J29 Al3 o Address bus

69 K28 VssQ — Input/output power supply (0 V)
70 K29 Al4 (0] Address bus

71 L28 VeeQ — Input/output power supply (3.3 V)
72 L29 A15 o Address bus

73 M28 Al6 (0] Address bus

74 M29 Al7 o Address bus

75 N28 A18 O Address bus

76 N29 A19 (0] Address bus

77 P28 A20 o Address bus

78 P29 A21 O Address bus

79 R28 Vss — Power supply (0 V)

80 R29 A22 o Address bus

81 T28 Vce — Power supply (1.9 V/1.8 V*®)
82 T29 A23 (0] Address bus

83 u28 VssQ — Input/output power supply (0 V)
84 u29 A24 O Address bus

85 V28 VeeQ — Input/output power supply (3.3 V)

HITACHI
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Table1.3 SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name I/O Description

86 V29 A25 o Address bus

87 w28 BS/PTK[4] o/l/o Bus cycle start signal / input/output
port K

88 W29 RD 0 Read strobe

89 Y28 WEOQ/DQMLL (0] D7-DO0 select signal / DQM
(SDRAM)

90 Y29 WE1/DQMLU/WE 0 D15-D8 select signal / DQM
(SDRAM) / WE (PCMCIA)

91 AA28 WE2/DQMUL/ICIORD/ O /1/O D23-D16 select signal / DQM

PTK[6] (SDRAM) / PCMCIA / input/output

port read /
input/output port K

92 AA29 WE3/DQMUU/ICIOWR/ O/ 1/0 D31-D24 select signal / DQM

PTK[7] (SDRAM) / PCMCIA input/output

read / input/output port K

93 AB28 RD/WR o Read/write

94 AB29 AUDSYNC/PTE[7] Oo/10 AUD synchronous / input/output
port E

95 AC28 VssQ — Input/output power supply (0 V)

96 AC29 CS0/MCS|0] (0] Chip select 0/mask ROM chip
select 0

97 AD28 VeeQ — Input/output power supply (3.3 V)

98 AD29 CS2/PTK]0] o/l1/0 Chip select 2 / input/output port K

99 AE28 CSS3/PTK][1] O/10 Chip select 3 / input/output port K

100 AE29 CS4/PTK][2] O/1/0 Chip select 4 / input/output port K

101 AF28 CS5/CE1A/PTK]3] o/l1/0 Chip select 5/CE1 (area 5
PCMCIA) / input/output port K

102 AF29 CS6/CE1B (0] Chip select 6/CE1 (area 6
PCMCIA) / input/output port K

103 AG28 CE2A/PTE[4] O/l/0 Area 5 PCMCIA card enable /
input/output port E

104 AG29 CE2B/PTEI[5] o/l/o Area 6 PCMCIA card enable /
input/output port E

105 AH28 CKE/PTK[5] O /10 CK enable (SDRAM) / input/output
port K

12
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Table 1.3 SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 110 Description

106 AJ28 RASSL/PTJ[0] O/10 Lower 32 Mbytes address (area 3
DRAM, SDRAM) RAS /
input/output port J

107 AH27 RAS2L/ PTJ[1] O/llo Lower 32 Mbytes address (area 2
DRAM, SDRAM) RAS /
input/output port J

108 AJ27 CASLL/CASL/PTI[2] o/llo D7-D0 (DRAM) CAS / Lower 32
Mbytes address (SDRAM) CAS /
input/output port J

109 AH26 VssQ — Input/output power supply (0 V)

110 AJ26 CASLH/CASU/PTJ[3] O/1/0 D15-D8 (DRAM) CAS / Lower 32
Mbytes address (SDRAM) CAS /
input/output port J

111 AH25 VeeQ — Input/output power supply (3.3 V)

112 AJ25 CASHL/PTJ[4] O/1/0 D23-D16 (DRAM) CAS/
input/output port J

113 AH24 CASHH/PTJ[5] O/l1/o D31-D24 (DRAM) CAS/
input/output port J

114 AJ24 DACKO/PTD[5] Oo/10 DMA acknowledge 0 / input/output
port D

115 AH23 DACK1/PTDI[7] O/l/o DMA acknowledge 1 / input/output
port D

116 AJ23 CAS2L/PTE[6] O/1/0 D7-DO0 (area 2 DRAM) CAS /
input/output port E

117 AH22 CAS2H/PTEJ3] O/l/o D15-D8 (area 2 DRAM) CAS /
input/output port E

118 AJ22 RAS3U/PTE[2] Oo/10 Upper 32 Mbytes address (area 3

DRAM, SDRAM) RAS /
input/output port E

119 AH21 RAS2U/PTE[1] O/1/0  Upper 32 Mbytes address (area 2
DRAM) RAS / input/output port E

120 AJ21 TDO/PTE[Q] I/O Test data output / input/output
port E

121 AH20 BACK o) Bus acknowledge

122 AJ20 BREQ I Bus request

123 AH19 WAIT I Hardware wait request

124 AJ19 RESETM [ Manual reset request

13
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Table 1.3

Number of Pins

SH7709A Pin Function (cont)

FP-208C TBT-216B  Pin Name I/O Description

125 AH18 ADTRG/PTHI5] I Analog trigger / input port H

126 AJ18 IOIS16/PTG[7] I area 6 16-bit input/output / input
port G

127 AH17 ASEMDO/PTG[6] I ASE mode / input port G

128 AJ17 ASEBRKAK/PTGI5] o/l ASE break acknowledge / input
port G

129 AH16 PTG[4] I Input port G

130 AJ16 AUDATA[3]/PTGI3] ol AUD data / input port G

131 AH15 AUDATA[2]/PTG[2] oll AUD data / input port G

132 AJ15 Vss — Power supply (0 V)

133 AH14 AUDATA[1]/PTG[1] oll AUD data / input port G

134 AJl4 Vce — Power supply (1.9V/1.8 V*®)

135 AH13 AUDATA[Q]/PTGIO] oll AUD data / input port G

136 AJ13 TRST/PTF[7]/PINT[15] | Test reset / input port F / port
interrupt

137 AH12 TMS/PTF[6]/PINT[14] I Test mode switch / input port F /
port interrupt

138 AJ12 TDI/PTF[5])/PINT[13] Test data input / input port F / port
interrupt

139 AH11 TCK/PTF[4]/PNT[12] Test clock / input port F / port
interrupt

140 AJll IRLS[3)/PTF[3]/ External interrupt request / input

PINT[11] port F / port interrupt
141 AH10 IRLS[2)/PTF[2)/ External interrupt request / input
PINT[10] port F / port interrupt

142 AJ10 IRLS[1)/PTF[1])/PINT[9] | External interrupt request / input
port F / port interrupt

143 AHO09 IRLS[O/PTF[O)/PINT[8] | External interrupt request / input
port F / port interrupt

144 AJO9 MDO Clock mode setting

145 AHO8 Vce-PLLL™? — PLL1 power supply (1.9V/1.8 V*°)

146 AJO8 CAP1 — PLL1 external capacitance pin

147 AHO7 Vss-PLL1"? — PLL1 power supply (0 V)

148 AJO7 Vss-PLL2"? — PLL2 power supply (0 V)

14
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Table 1.3

SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 110 Description

149 AHO06 CAP2 — PLL2 external capacitance pin

150 AJO6 Vce-PLL2'? — PLL2 power supply (1.9V/1.8 V*°)

151 AHO5 AUDCK/PTHI6] AUD clock / input port H

152 AJO5 Vss — Power supply (0 V)

153 AHO04 Vss — Power supply (0 V)

154 AJO4 Vcce — Power supply (1.9V/1.8 V*°)

155 AHO03 XTAL (0] Clock oscillator pin

156 AJO3 EXTAL I External clock / crystal oscillator
pin

157 AHO02 STATUSO/PTJ[6] O/l/o Processor status / input/output
port J

158 AHO1 STATUS1/PTI[7] O/1/0 Processor status / input/output
portJ

159 AGO02 TCLK/PTH[7] I/10 TMU or RTC clock input/output /
input/output port H

160 AGO1 IRQOUT o} Interrupt request notification

161 AF02 VssQ — Power supply (0 V)

162 AF01 CKIO I/0 System clock input/output

163 AEOQ2 VeeQ — Power supply (3.3 V)

164 AEO1 TxDO/SCPTI[0] (0] Transmit data 0 / SCI output port

165 ADO02 SCKO/SCPT[1] I/O Serial clock 0 / SCI input/output
port

166 ADO1 TxD1/SCPT[2] (0] Transmit data 1 / SCI output port

167 ACO02 SCK1/SCPTI[3] I/10 Serial clock 1 / SCI input/output
port

168 ACO1 TxD2/SCPT[4] (0] Transmit data 2 / SCI output port

169 ABO2 SCK2/SCPT[5] I/O Serial clock 2 / SCI input/output
port

170 ABO1 RTS2/SCPTI[6] O/1/0  Transmit request 2 / SCI
input/output port

171 AA02 RxDO/SCPTIO0] I Transmit data 0 / SCI output port

172 AA01 RxD1/SCPT[2] I Transmit data 1 / SCI output port

173 Y02 Vss — Power supply (0 V)

174 Y01 RxD2/SCPT[4] Transmit data 2 / SCI output port

HITACHI
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Table 1.3

SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name I/O Description

175 W02 Vce — Power supply (1.9V/1.8 V*°)

176 wo1 CTS2/IRQ5/SCPT[7] Transmit clear 2 / external interrupt
request / SCI input port

177 V02 MCS[7]/PTC[7)/PINT[7] O/1/O/1 Mask ROM chip select/
input/output port C / port interrupt

178 Vo1l MCSI[6)/PTC[6/PINT[6] O/I1/O/1 Mask ROM chip select /
input/output port C / port interrupt

179 uo2 MCS[5]/PTC[5)/PINT[5] O/I1/O0/1 Mask ROM chip select/
input/output port C / port interrupt

180 uo1l MCSI[4]/PTC[4]/PINT[4] O/1/O/1 Mask ROM chip select/
input/output port C / port interrupt

181 TO2 VssQ — Input/output power supply (0 V)

182 TO1 WAKEUP/PTD[3] O/10 Standby mode interrupt request
notification / input/output port D

183 R0O2 VeeQ — Input/output power supply (3.3 V)

184 RO1 RESETOUT/PTD[2] O/10 Reset output / input/output port D

185 P02 MCSI[3)/PTC[3]/PINT[3] O/I1/O/1 Mask ROM chip select/
input/output port C / port interrupt

186 P01 MCS[2]/PTC[2)/PINT[2] O/1/0O/1 Mask ROM chip select/
input/output port C / port interrupt

187 NO02 MCS[1}/PTC[1/PINT[1] O/I1/O/1 Mask ROM chip select/
input/output port C / port interrupt

188 NO1 MCS[O/PTC[O)/PINT[0] O/I1/O/1 Mask ROM chip select/
input/output port C / port interrupt

189 M02 DRAKO/PTD[1] O/l/o DMA request acknowledge /
input/output port D

190 M01 DRAK1/PTDI[0] O/l/o DMA request acknowledge /
input/output port D

191 LO2 DREQO/PTDI[4] I DMA request / input port D

192 LO1 DREQ1/PTDI[6] I DMA request / input port D

193 K02 RESETP I Power-on reset request

194 K01 CA I Chip activate / hardware standby
request

195 J0o2 MD3 I Area 0 bus width setting

196 Jo1 MDA4 I Area 0 bus width setting

16
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Table 1.3

SH7709A Pin Function (cont)

Number of Pins

FP-208C TBT-216B  Pin Name 110 Description

197 HO2 MD5 I Endian setting

198 HO1 AVss — Analog power supply (0 V)

199 G02 ANI[0])/PTL[O] I A/D converter input / input port L
200 G01 AN[1])/PTL[1] I A/D converter input / input port L
201 F02 AN[2]/PTL[2] I A/D converter input / input port L
202 FO1 ANI[3]/PTL[3] I A/D converter input / input port L
203 EO02 AN[4]/PTL[4] I A/D converter input / input port L
204 EO1 AN[5]/PTL[5] I A/D converter input / input port L
205 D02 Avcce (3.3V) — Analog power supply (3.3 V)
206 D01 AN[6]/DA[1])/PTL[6] I A/D converter input / input port L
207 Cco02 AN[7]/DA[O)/PTL[7] I A/D converter input / input port L
208 Cco1 AVss — Analog power supply (0 V)
Notes: 1. Must be connected to the power supply even when the RTC is not used.

2.

Must be connected to the power supply even when the on-chip PLL circuits are not
used (except in hardware standby mode).
Except in hardware standby mode, all V../V¢ pins must be connected to the system
power supply. (Supply power constantly.) In hardware standby mode, power must be
supplied at least to V.. —RTC and V4, —RTC. If power is not supplied to V.. and V¢ pins
other than V.. —RTC and Vs, —RTC, hold the CA pin low.

AO01, A28, A29, AH29, AJ29, AJ02, AJ01, and B0O1 are NC pins. Do not make any
connection to these pins.

1.9 V for the 133 MHz model, 1.8 V for the 100 MHz model

HITACHI
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Section 2 CPU

2.1 Register Configuration

2.1.1 Privileged Mode and Banks

Processor ModesThere are two processor modes: user mode and privileged mode. The

SH7709A normally operates in user mode, and enters privileged mode when an exception o
or an interrupt is accepted. There are three kinds of registers—general registers, system reg
and control registers—and the registers that can be accessed differ in the two processor mo

General Registers:There are 16 general registers, designated RO to R15. General registers F
R7 are banked registers which are switched by a processor mode change. In privileged mod
register bank bit (RB) in the status register (SR) defines which banked register set is accesst
general registers, and which set is accessed only through the load control register (LDC) anc
control register (STC) instructions.

When the RB bit is 1, BANK1 general registers RO_BANK1-R7_BANK1 and non-banked
general registers R8—R15 function as the general register set, with BANKO general registers
RO_BANKO-R7_BANKO accessed only by the LDC/STC instructions.

When the RB bit is 0, BANKO general registers RO_BANKO0-R7_BANKO and nonbanked ger
registers R8—R15 function as the general register set, with BANK1 general registers RO_BAl
R7_BANK1 accessed only by the LDC/STC instructions. In user mode, the 16 registers
comprising bank O general registers RO_BANKO0-R7_BANKO and non-banked registers R8—
can be accessed as general registers RO—R15, and bank 1 general registers RO_BANK1-
R7_BANK1 cannot be accessed.

Control Registers: Control registers comprise the global base register (GBR) and status regis
(SR) which can be accessed in both processor modes, and the saved status register (SSR),
program counter (SPC), and vector base register (VBR) which can only be accessed in privil
mode. Some bits of the status register (such as the RB bit) can only be accessed in privilege
mode.

System RegistersSystem registers comprise the multiply and accumulate registers
(MACL/MACH), the procedure register (PR), and the program counter (PC). Access to these
registers does not depend on the processor mode.

The register configuration in each mode is shown in figures 2.1 and 2.2.
Switching between user mode and privileged mode is controlled by the processor mode bit (|

in the status register.
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31 0
RO_BANKOQ*1, *2
R1_BANKO*2
R2_BANKO0*2
R3_BANKO*2
R4_BANKO*2
R5_BANKO*2
R6_BANKO*2
R7_BANKO*2
R8
R9
R10
R11
R12
R13
R14
R15

SR

GBR
MACH
MACL

PR

| PC |
User mode register configuration

Notes: 1. RO functions as an index register in the indexed register-indirect addressing
mode and indexed GBR-indirect addressing mode.
2. Banked register

20
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31 0 31
RO_BANK1*1, *2 RO_BANKO*1: *3
R1_BANK1*2 R1_BANKO*3
R2_BANK1*2 R2_BANKO*3
R3_BANK1*2 R3_BANKO*3
R4 BANK1*2 R4 _BANKO*3
R5_BANK1*2 R5_BANKO*3
R6_BANK1*2 R6_BANKO*3
R7_BANK1*2 R7_BANKO*3
R8 R8
R9 R9
R10 R10
R11 R11
R12 R12
R13 R13
R14 R14
R15 R15
SR SR
SSR SSR
Notes: 1. RO functions as an index
GBR GBR register in the indexed
MACH MACH register-indirect addressing
MACL MACL _mo_de and index_ed GBR-
indirect addressing mode.
PR PR
VBR VBR 2. Banked register
When the RB bit of the SR
PC PC register is 1, the register can
SPC SPC be accessed for general use.
When the RB bit is 0, it can
RO BANKO*L: %3 RO BANKZL*1: #2 only be accessed with the
R_l_B ANKO*3 R_l_B ANKL*2 LDC/STC instruction.
R2_BANKO0*® R2_BANK1*2 3. Banked register
R3_BANKO0*® R3_BANK1*? When the RB bit of the SR
R4 BANKO*3 R4 BANK1*2 register is 0, the register can
R5 BANKO*3 R5 BANK1*2 be accessed for general use.
e
R7_BANK(*® R7_BANK1*2 LDC/STC instruction.
a. Privileged mode b. Privileged mode
register configuration register configuration
(RB =1) (RB =0)

Figure 2.2 Privileged Mode Register Configuration
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Register values after a reset are shown in table 2.1.

Table 2.1 Initial Register Values

Type Registers Initial Value
General registers RO to R15 Undefined
Control registers SR MD bit=1, RB bit=1, BL bit=1, I3—

10 = 1111 (H'F), reserved bits = 0,
others undefined

GBR, SSR, SPC Undefined

VBR H'00000000
System registers MACH, MACL, PR Undefined

PC H'A0000000

2.1.2 General Registers

There are 16 general registers, designated RO to R15 (figure 2.3). General registers RO to R7
banked registers, with a different RO—R7 register bank (RO_BANKO-R7_BANKO or
RO_BANK1-R7_BANK1) being accessed according to the processor mode. For details, see fi
2.1 User Mode Register Configulation and figure 2.2 Privileged Mode Register Configulation.

The general register configuration is shown in table 2.2.

General Registers
31 0
RO*1, *2 Notes:

R1*2 . . . . .

Ro¥2 1. RO _funct_lon_s as an |ndex_ register in the_ indexed
R3%2 register-indirect addressing mode and indexed

R4*2 GBR-indirect addressing mode. In some instructions,
R5*2 only RO can be used as the source register or

R6*2 destination register.
R7*2

RS 2. RO-R7 are banked registers.

R9 In privileged mode, SR.RB specifies which banked
R10 registers are accessed as general registers

R11 (RO_BANKO-R7_BANKO or RO_BANK1-R7_BANK1).
R12

R13

R14

R15

Figure 2.3 General Registers
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2.13

System Registers

System registers can be accessed by the LDS and STS instructions. When an exception occ
contents of the program counter (PC) are saved in the saved program counter (SPC). The S
contents are restored to the PC by the RTE instruction used at the end of the exception hanc
There are four system registers, as follows.

Multiply and accumulate high register (MACH)
Multiply and accumulate low register (MACL)
Procedure register (PR)
Program counter (PC)

The system register configuration is shown in figure 2.4.

System Registers

31
MACH Multiply and Accumulate High and Low Registers
MACL (MACHIL)
Store the results of multiply-and-accumulate operations.
|31 BR O| Procedure Register (PR)
Stores the return address for exiting a subroutine
procedure.
31 0
| PC | Program Counter (PC)
Indicates the address four addresses (two instructions)
ahead of the currently executing instruction. Initialized
to H'A0000000 by a reset.
Figure 2.4 System Registers
2.14 Control Registers

Control registers can be accessed in privileged mode using the LDC and STC instructions. T
GBR register can also be accessed in user mode. There are five control registers, as follows

Status register (SR)
Saved status register (SSR)
Saved program counter (SPC)

Global base register (GBR)
Vector base register (VBR)

HITACHI
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31 0 Saved Status Register (SSR)
| SSR Stores current SR value at time of exception to
indicate processor status in return to instruction
stream from exception handler.
31 0 Saved Program Counter (SPC)
| SPC | Stores current PC value at time of exception to
indicate return address at completion of exception
handling.
31 0 Global Base Register (GBR)
GBR Stores base address of GBR-indirect
addressing mode. The GBR-indirect addressing mode
is used for on-chip supporting module register area
data transfers and logic operations.
The GBR register can also be accessed in user mode.
Its contents are undefined after a reset.
31 0 Vector Base Register (VBR)
| VBR Stores base address of exception handling vector area.
Initialized to H'0000000 by a reset.
31 30 292827 13121110 9 8 7 3 1 0 Status
lo|mp|re[BL|0 olcolo|m[Q[13121110[0]0|s|T] register
(SR)
MD: Processor operation mode bit: Indicates the processor operation mode as follows:
MD =1: Privileged mode; MD = 0: User mode
MD is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.
RB: Register bank bit: Determines the bank of general registers RO—R7 used in processing mode.
RB = 1: RO_BANK1-R7_BANK1 and R8-R15 are general registers, and RO_BANKO—
R7_BANKO can be accessed by LDC/STC instructions.
RB = 0: RO_BANKO-R7_BANKO and R8-R15 are general registers, and RO_BANK1—
R7_BANK1 can be accessed by LDC/STC instructions.
RB is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.
BL: Block bit
BL = 1: Exceptions and interrupts are suppressed. See section 4, Exception
Handling, for details.
BL = 0: Exceptions and interrupts are accepted.
BL is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.
CL: Cache lock bit
When set to 1, the cache lock function can be used.
M and Q bits: Used by the DIVOS/U and DIV1 instructions.
13—10 bits: Interrupt mask bits: 4-bit field indicating the interrupt request mask level.

S bit:
T bit:

0 bits:

13—-10 do not change to the interrupt acceptance level when an interrupt is generated.
Initialized to B'1111 by a reset.

Used by the MAC instruction.

Used by the MOVT, CMP/cond, TAS, TST, BT, BF, SETT, CLRT, and DT instructions to
indicate true (1) or false (0).

Used by the ADDV/C, SUBV/C, DIVOU/S, DIV1, NEGC, SHAR/L, SHLR/L, ROTRI/L, and
ROTCRIL instructions to indicate a carry, borrow, overflow, or underflow.

These bits always read 0, and the write value should always be 0.

Note: The M, Q, S, and T bits can be set or cleared by special instructions in user mode.
Their values are undefined after a reset. All other bits can be read or written in privileged mode.
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits, figure 2.6). When a memory operand is on
byte (8 bits) or a word (16 bits), it is sign-extended into a longword when loaded into a registt

31 0

| Longword

Figure 2.6 Longword

222 Data Format in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be acces
8-bit byte, 16-bit word, or 32-bit longword form. A memory operand less than 32 bits in lengtt
sign-extended before being stored in a register.

A word operand must be accessed starting from a word boundary (even address of a 2-byte
address 2n), and a longword operand starting from a longword boundary (even address of a
unit: address 4n). An address error will result if this rule is not observed. A byte operand can
accessed from any address.

Big-endian or little-endian byte order can be selected for the data format. The endian mode ¢
be set with the MD5 external pin in a power-on reset. Big-endian mode is selected when the
pin is low, and little-endian when high. The endian mode cannot be changed dynamically. Bi
positions are numbered left to right from most-significant to least-significant. Thus, in a 32-bi
longword, the leftmost bit, bit 31, is the most significant bit and the rightmost bit, bit 0, is the |
significant bit.

The data format in memory is shown in figure 2.7.

Address A+ 1 Address A+3 Address A+ 10 Address A+ 8

| |
Address A Address A + 2| Address A + 11| Address A + 9
31y 23y 154 7y 0] |31y 23y 15y 740
Address A -»(Byte0 [Bytel |Byte2 | Byte3| [Byte3 |Byte2|Bytel|Byte0|«Address A + 8

Address A+4 »| WordO Word1 Word1 Word0 |« Address A +4
Address A + 8 »| Longword Longword <« Address A
Big-endian mode Little-endian mode

Figure 2.7 Data Format in Memory
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2.3 Instruction Features

2.3.1 Execution Environment

Data Length: The SH7709A instruction set is implemented with fixed-length 16-bit wide
instructions executed in a pipelined sequence with single-cycle execution for most instruction:s
All operations are executed in 32-bit longword units. Memory can be accessed in 8-bit byte, 1
word, or 32-bit longword units, with byte or word units sign-extended into 32-bit longwords.
Literals are sign-extended in arithmetic operations (MOV, ADD, and CMP/EQ instructions) an
zero-extended in logical operations (TST, AND, OR, and XOR instructions).

Load/Store Architecture: The SH7709A features a load-store architecture in which basic
operations are executed in registers. Operations requiring memory access are executed in re
following register loading, except for bit-manipulation operations such as logical AND function
which are executed directly in memory.

Delayed Branching:Unconditional branching is implemented as delayed branch operations.
Pipeline disruptions due to branching are minimized by the execution of the instruction followi
the delayed branch instruction prior to branching. Conditional branch instructions are of two
kinds, delayed and normal.

BRA TRGET
ADD R1, RO ;ADD is executed prior to branching to TRGET
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T bit: The T bit in the status register (SR) is used to indicate the result of compare operation
is read as a TRUE/FALSE condition determining if a conditional branch is taken or not. To
improve processing speed, the T bit logic state is modified only by specific operations. An
example of how the T bit may be used in a sequence of operations is shown below.

ADD #1, RO ;T bit not modified by ADD operation
CW/ EQ R1, RO ;T bit setto 1 when R8 0
BT TRCGET ;branch taken to TRGET when T bit =1 (RO = 0)

Literals: Byte-length literals are inserted directly into the instruction code as immediate data.
maintain the 16-bit fixed-length instruction code, word or longword literals are stored in a tab|
main memory rather than inserted directly into the instruction code. The memory table is acc
by the MOV instruction using PC-relative addressing with displacement, as follows:

MOV.W  @disp, PC), RO

Absolute AddressesAs with word and longword literals, absolute addresses must also be sto
in a table in main memory. The value of the absolute address is transferred to a register and
operand access is specified by indexed register-indirect addressing, with the absolute addre:
loaded (like word and longword immediate data) during instruction execution.

16-Bit and 32-Bit Displacementsin the same way, 16-bit and 32-bit displacements also must
stored in a table in main memory. Exactly like absolute addresses, the displacement value is
transferred to a register and the operand access is specified by indexed register-indirect add
loading the displacement (like word and longword immediate data) during instruction executi
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2.3.2

Addressing Modes

Addressing modes and effective address calculation methods are shown in table 2.2.

Table 2.2
Addressing Instruction
Mode Format

Effective Address Calculation Method

Addressing Modes and Effective Addresses

Calculation Formula

Register direct Rn

Effective address is register Rn. (Operand is

register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn

Register @Rn+ Effective address is register Rn contents. A Rn

|nd|re_ct with consta_nt is added to Rn after instruction After instruction
post-increment execution: 1 for a byte operand, 2 for a word execution

operand, 4 for a longword operand.

Byte:Rn+1 - Rn
Word: Rn+2 - Rn

Longword: Rn +4 - Rn

Register
indirect with
pre-decrement

@-Rn

Effective address is register Rn contents,
decremented by a constant beforehand: 1 for
a byte operand, 2 for a word operand, 4 for a

longword operand.

Rn —1/2/4

Byte:Rn—1 - Rn
Word: Rn—2 - Rn

Longword: Rn—4 - Rn

(Instruction executed
with Rn after
calculation)
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Table 2.2  Addressing Modes and Effective Addresses (cont)

Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
Register @(disp:4, Effective address is register Rn contents with Byte: Rn + disp
ir!direct with  Rn) 4-hit displacemgn_t disp r_;ld_ded. After disp is Word: Rn + disp x 2
displacement zero-extended, it is multiplied by 1 (byte), 2 )

(word), or 4 (longword), according to the Longword: Rn + disp x 4

operand size.

- Rn
disp .
(zero-extended) + disp x 1/2/4
Indexed @(RO, Rn) Effective address is sum of register Rn and Rn + RO
register indirect RO contents.
®

GBRindirect @(disp:8, Effective address is register GBR contents Byte: GBR + disp
With GBR) with s-bit displacement_ Qisp adde_d. After Word: GBR + disp x 2
displacement disp is zero-extended, it is multiplied by 1 ]

(byte), 2 (word), or 4 (longword), according to -ongword: GBR + disp

the operand size. x4

disp ) GBR
(zero-extended) + disp x 1/2/4

Indexed GBR @(RO, Effective address is sum of register GBR and GBR + R0
indirect GBR) RO contents.

GBR + RO
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Table 2.2  Addressing Modes and Effective Addresses (cont)

Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula

PC-relative @(disp:8, Effective address is register PC contents with  Word: PC + disp x 2
with PC) 8-bit displacement disp added. After disp is

: - o Longword:

displacement zero-extended, it is multiplied by 2 (word), or PC & H'EEFE EEEC +

4 (longword), according to the operand size. disp x 4

With a longword operand, the lower 2 bits of

PC are masked.

(for longword)
or
: PC&HFFFFFFFC
disp +disp x 4

(zero-extended)

PC-relative disp:8 Effective address is register PC contents with PC + disp x 2

8-bit displacement disp added after being
sign-extended and multiplied by 2.

disp
(sign-extended)

PC +disp x 2

disp:12 Effective address is register PC contents with PC + disp x 2
12-bit displacement disp added after being
sign-extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2

30
HITACHI



Table 2.2

Addressing Modes and Effective Addresses (cont)

Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
PC-relative Rn Effective address is sum of register PC and PC +Rn
Rn contents.
(+) PC + RO
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.
#imm:8 8-bit immediate data imm of TRAPA —

instruction is zero-extended and multiplied by
4.

Note: For the addressing modes below that use a displacement (disp), the assembler descriptions
in this manual show the value before scaling (x1, x2, or x4) is performed according to the
operand size. This is done to clarify the operation of the IC. Refer to the relevant assembler
notation rules for the actual assembler descriptions.

@ (disp:4, Rn) ; Register indirect with displacement
@ (disp:8, Rn) ; GBR indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12; PC-relative
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2.3.3 Instruction Formats

Table 2.3 explains the meaning of instruction formats and source and destination operands. T

meaning of the operands depends on the operation code. The following symbols are used.

XXXX: Operation code
mmmm: Source register

nnnn: Destination register
iiii: Immediate data
dddd: Displacement
Table 2.3  Instruction Formats
Source Destination Instruction
Instruction Format Operand Operand Example
0 format 15 0 — — NOP
XXXX  XXXX  XXXX  XXXX
n format 15 0o — nnnn: register MOVT Rn
XXXX | nnnn | XXXX  XXXX direct
Control register or  nnnn: register STS
system register direct MACH,Rn
Control register or nnnn: register STC.L
system register indirect with SR,@-Rn
pre-decrement
m format 15 mmmm: register Control register LDC
XXXX |mmmm| XXXX  XXXX direct or system Rm,SR
register
mmmm: register Control register LDC.L
indirect with post-  or system @RmM+,SR
increment register
mmmm: register — JMP  @Rm
indirect
mmmm: PC- — BRAF Rm

relative using Rm
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Table 2.3

Instruction Formats (cont)

Source Destination Instruction
Instruction Format Operand Operand Example
nm format 15 0 mmmm: register  nnnn: register ADD Rm,Rn

XXXX | nnnn |mmmm| XXXX | direct direct

mmmm: register  nnnn: register MOV.L

indirect indirect Rm,@Rn

mmmm: register ~ MACH,MACL MAC.W

indirect with post- @Rm+,@Rn+

increment

(multiply-and-

accumulate

operation)

nnnn: * register

indirect with post-

increment

(multiply-and-

accumulate

operation)

mmmm: register nnnn: register MOV.L

indirect with post-  direct @Rm+,Rn

increment

mmmm: register nnnn: register MOV.L

direct indirect with Rm,@-Rn

pre-decrement

mmmm: register nnnn: indexed MOV.L

direct register indirect Rm,@(RO,Rn)
md format 15 0 mmmmdddd: RO (register MOV.B

XXXX  XXXX |mmmm| dddd | register indirect direct) @(disp,Rm),R0
with displacement
nd4 format 15 0 RO (register nnnndddd: MOV.B

XXXX  XXXX | nnnn | dddd

direct)

register indirect
with
displacement

RO,@(disp,Rn)

HITACHI
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Table 2.3

Instruction Formats (cont)

Source Destination Instruction
Instruction Format Operand Operand Example
nmd 15 0 mmmm: register  nnnndddd: MOV.L
format | XXXX | nnnn |mmmm| dddd | direct register Rm,@(disp,Rn)
indirect with

displacement

mmmmdddd:
register indirect
with displacement

nnnn: register
direct

MOV.L
@(disp,Rm),Rn

d format 15 0 dddddddd: GBR RO (register MOV.L
XXXX  XxxX | dddd dddd indirect with direct) @(disp,GBR),R0
displacement
RO (register dddddddd: MOV.L
direct) GBRindirect  RO,@(disp,GBR)
with
displacement
dddddddd: RO (register MOVA
PC-relative with direct) @(disp,PC),R0
displacement
dddddddd: — BF label
PC-relative
d12 format 15 0 dddddddddddd: — BRA label
XXXX | dddd dddd dddd | PC-relative (label = disp +
PC)
nd8 format 15 0 dddddddd: nnnn: register MOV.L

| %00 | nnnn | dddd  ddad

PC-relative with
displacement

direct

@(disp,PC),Rn

iformat 15 O iiiiiiii: immediate Indexed GBR AND.B
XXXX  XXXX | Piii i indirect #imm,
@(RO,GBR)
iiiiiiii: immediate RO (register AND
direct) #imm,RO
iiiiiiii: immediate — TRAPA #imm
ni format 15 0 iiiiiiii: immediate nnnn: register  ADD
oo | nnnn | i i direct #imm,Rn
Note: In a multiply-and-accumulate instruction, nnnn is the source register.
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2.4 Instruction Set

24.1 Instruction Set Classified by Function
The SH7709A instruction set includes 68 basic instruction types, as listed in table 2.4.

Table 2.4  Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer 39

MOVA Effective address transfer

MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT Extraction of middle of linked registers
Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division

DIVOS Initialization of signed division

DIVOU Initialization of unsigned division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate operation,
double-precision multiply-and-accumulate
operation
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Table 2.4  Classification of Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
Arithmetic 21 MUL Double-precision multiplication (32 x 32 33
operations bits)
(cont) MULS Signed multiplication (16 x 16 bits)

MULU Unsigned multiplication (16 x 16 bits)

NEG Negation

NEGC Negation with borrow

SUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow check
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

SHAD Dynamic arithmetic shift

SHLD Dynamic logical shift
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Table 2.4  Classification of Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
Branch 9 BF Conditional branch, delayed conditional 11

branch (T =0)
BT Conditional branch, delayed conditional
branch (T =1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 15 CLRMAC  MAC register clear 75
control CLRT Clear T bit

CLRS Clear S bit

LDC Load to control register

LDS Load to system register

LDTLB Load PTE to TLB

NOP No operation

PREF Prefetch data to cache

RTE Return from exception handling

SETS Set S bit

SETT Set T bit

SLEEP Shift to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling

Total: 68 188
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Table 2.5 lists the SH7709A instruction code formats.

Table 2.5 Instruction Code Format

Item Format

Explanation

Instruction OP.Sz SRC,DEST

mnemonic

OP: Operation code
Sz: Size

SRC: Source

DEST: Destination

Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement

Instruction MSB « LSB

code

mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1
1111: R15
iiii: Immediate data
dddd: Displacement*

Operation o, e
summary (xx)

Direction of transfer
Memory operand

Flag bits in SR

Logical AND of each bit
Logical OR of each bit
Exclusive OR of each bit
Logical NOT of each bit
n-bit shift

Privileged
mode

Indicates whether privileged mode applies

Execution
cycles

Value when no wait states are inserted

The execution cycles listed in the table are minimums. The

actual number of cycles may be increased in cases such

as the followsing:

1. When contention occurs between instruction fetches
and data access

2. When the destination register of the load instruction
(memory - register) and the register used by the next
instruction are the same

T bit

Value of T bit after instruction is executed
—: No change

Note: * Scaling (X1, x2, x4) is performed according to the instruction operand size.
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Table 2.6 lists the SH7709A data transfer instructions

Table 2.6  Data Transfer Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

MOV #i mm Rn imm - Sign extension 1110nnnniiiiiiii — 1 —
- Rn

MOV. W @disp, PC),Rn (disp x2 + PC) - Sign 1001nnnndddddddd — 1 —
extension — Rn

MWV.L @disp,PC),Rn (dispx4+PC)- Rn 1101nnnndddddddd — 1 —

MoV Rm Rn Rm - Rn 0110nnnnmm©O011 — 1 —

MOV.B  Rm @un Rm - (Rn) 0010nnnnmMmmMmMO000  — 1 —

MOV. W Rm @Rn Rm - (Rn) 0010nnnnmmmD001  — 1 —

MOV.L Rm @un Rm - (Rn) 0010nnnnmMmmMm®O010 — 1 —

MOV.B @m Rn (Rm) - Sign extension 0110nnnnmMmm®O000  — 1 —
- Rn

MOV. W @m Rn (Rm) - Sign extension 0110nnnnmmm0001  — 1 —
- Rn

MOV.L @Rm Rn (Rm) - Rn 0110nnnnmMmmm0010 — 1 —

MOV.B Rm @Rn Rn-1 - Rn,Rm - (Rn)  0010nnnnmmm0100 — 1 —

MOV. W Rm @Rn Rn-2 -~ Rn,Rm - (Rn) 0010nnnnnmm0101 — 1 —

MOV.L Rm @Rn Rn-4 - Rn,Rm - (Rn)  0010nnnnmmm©0110 — 1 —

MOV.B @+, Rn (Rm) - Sign extension 0110nnnnmmm0100 — 1 —
- Rn,Rm+1 - Rm

MOV. W  @mt, Rn (Rm) - Sign extension 0110nnnnmmm0101 — 1 —
- Rn,Rm+2 - Rm

MOV.L @Rm+, Rn (Rm) - Rn,Rm+4 -~ Rm 0110nnnnmmm0110 — 1 —

MOV. B RO, @di sp, Rn) RO - (disp + Rn) 10000000nnnndddd  — 1 —

MOV. W RO, @di sp, Rn) RO - (disp x 2 + Rn) 10000001nnnndddd  — 1 —

MOV.L Rm @disp, Rn) Rm - (disp x4 + Rn) 0001nnnnmmmdddd  — 1 —

MOV.B @disp,Rn),R0 (disp+Rm) - Sign 10000100mmmdddd  — 1 —
extension - RO

MOV. W @disp, RmM,R0 (disp x2+Rm) - Sign 10000101nmmmmdddd — 1 —
extension - RO

MOV.L @disp,Rm,Rn (disp x4+ Rm) - Rn 0101nnnnmmmdddd — 1 —

MOV.B Rm @ RO, Rn) Rm - (RO + Rn) 0000NNNNMmM®O100 — 1 —
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Table 2.6

Data Transfer Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

MOV. W Rm @ RO, Rn) Rm - (RO + Rn) 0000nnnnmmMmM0101  — 1 —

MOV.L Rm @RO, Rn) Rm - (RO + Rn) 0000nnNnMMO110 — 1 —

MV.B @RO0, RM, Rn (RO + Rm) - Sign 0000nnnnMMML100 — 1 —
extension — Rn

MV. W @RO, Rm, Rn (RO + Rm) - Sign 0000nnnnmMMMML101  — 1 —
extension - Rn

MOV.L @RO,RM,Rn (RO+Rm) - Rn 0000nnnnmMMML110 — 1 —

MV.B RO, @disp, GBBR) RO - (disp + GBR) 11000000dddddddd  ~ — 1 —

MOV. W RO, @disp, GBBR) RO - (disp x 2 + GBR) 11000001dddddddd  — 1 —

MOV.L RO, @disp, GBBR) RO - (disp x4 + GBR) 11000010dddddddd  — 1 —

MOV. B @di sp, GBR), RO (disp + GBR) - Sign 11000100dddddddd ~ — 1 —
extension - RO

MOV. W @disp, GBBR), RO (disp x2+ GBR) - 11000101dddddddd  — 1 —
Sign extension - RO

MOV.L @disp, GBR), RO (disp x4+ GBR) - RO 11000110dddddddd  — 1 —

MOVA @disp, PO, R0 dispx4+PC - RO 11000111dddddddd — 1 —

MOVT Rn T - Rn 0000nnnn00101001 — 1 —

SWAP. B Rm Rn Rm - Swap the bottom 0110nnnnmmmml000 — 1 —
two bytes - REG

SWAP. W Rm Rn Rm - Swap two 0110nnnnmMmmm1001 — 1 —
consecutive words —» Rn

XTRCT RmRn Rm: Middle 32 bits of 0010nnnnmmml101 — 1 —

Rn - Rn
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Table 2.7 lists the SH7709A arithmetic instructions.

Table 2.7  Arithmetic Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
ADD Rm Rn Rn+Rm - Rn 0011nnnnmmml100 — 1 —
ADD #i mm Rn Rn +imm - Rn Ol1linnnniiiiiiii — 1 —
ADDC Rm Rn Rn+Rm+T - Rn, 0011nnnnnmmmml110 — 1 Carry
Carry - T
ADDV Rm Rn Rn+ Rm - Rn, 0011lnnnnmmmillil — 1 Overflow
Overflow — T
CWP/ EQ #imm RO IfRO=imm,1 - T 10001000i iiiiiii — 1 Comparison
result
CW/ EQ Rm Rn fRn=Rm,1 T 0011nnnnmmmmD000 — 1 Comparison
result
CW/HS Rm Rn If Rn =2 Rm with 0011lnnnnmmmD010 — 1 Comparison
unsigned data, 1 - T result
CW/ GE RmRn If Rn = Rm with signed 001lnnnnmm®OD011 — 1 Comparison
data,1 - T result
CW/H RmRn If Rn > Rm with 001lnnnnmmm0110 — 1 Comparison
unsigned data, 1 - T result
CW/ GT Rm Rn If Rn > Rm with signed ~ 0011nnnnmmm0111  — 1 Comparison
data,1 - T result
CW/ PZ Rn IfRN=20,1-T 0100nnnn00010001 — 1 Comparison
result
CW/ PL Rn IfRNn>0,1 - T 0100nnnn00010101 — 1 Comparison
result
CWP/ STR Rm Rn If Rn and Rm have an 0010nnnnmmm1100 — 1 Comparison
equivalent byte, 1 - T result
Dl V1 Rm Rn Single-step division 0011nnnnmmmmD100 — 1 Calculation
(Rn/Rm) result
DIVOS RmRn MSB of Rn - Q, MSB 0010nnnnnMmm®0111 — 1 Calculation
of Rm - M,M"Q - T result
DI VOU 0 -~ M/IQIT 0000000000011001 — 1 0

HITACHI
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Table 2.7

Instruction

Arithmetic Instructions (cont)

Operation

Code

Privileged
Mode

Cycles T Bit

DMULS. LRm Rn

Signed operation of
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits

0011nnnnmmmill101

2(5)

DMULU. L Rm Rn

Unsigned operation of
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits

0011nnnnmmm0101

2(5)

DT Rn

Rn—-1 - Rn,ifRn =
0,1 -5 T,else0 T

0100nnnn00010000

Comparison
result

EXTS. B Rm Rn

A byte in Rm is sign-
extended - Rn

0110nnnnmmm1110

EXTS. W Rm Rn

A word in Rm is sign-
extended — Rn

0110nnnnmmmmill111l

EXTU. B Rm Rn

A byte in Rm is zero-
extended - Rn

0110nnnnmmmi100

EXTU. W Rm Rn

A word in Rm is zero-
extended - Rn

0110nnnnmmmil101

MAC.L @mt, @n+

Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+4 - Rn,

Rm+4 - Rm

32 x32+ 64 - 64 bits

0000nnnnmMmMM1111

2(5)

MAC. W @mt, @i+

Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+2 - Rn,

Rm+2 -~ Rm

16 x 16 + 64 - 64 bits

0100nnnnmmm1111

2(5)

MIL.L RmRn

Rn xRm - MACL
32 x 32 - 32 bits

0000nnnnmMmMMO111

2(5)

MJULS. W Rm Rn

Signed operation of Rn
xRm - MAC
16 x 16 — 32 bits

0010nnnnmmmil111

13

MJLU. W Rm Rn

Unsigned operation of
Rn xRm - MAC
16 x 16 - 32 bits

0010nnnnmmmil110

13

42

HITACHI



Table 2.7

Arithmetic Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

NEG Rm Rn 0-Rm - Rn 0110nnnnnmmi011 — 1 —

NEGC Rm Rn 0-Rm-T - Rn, 0110nnnnmmmi010 — 1 Borrow
Borrow - T

SUB Rm Rn Rn-Rm - Rn 0011nnnnmmmi 000 — 1 —_

SUBC Rm Rn Rn—Rm-T - Rn, 0011nnnnnmm1010 — 1 Borrow
Borrow - T

SUBV Rm Rn Rn—-Rm - Rn, 001lnnnnnmmi0ll — 1 Underflow
Underflow - T

Note: The normal number of execution cycles is shown. The value in parentheses is the number

of cycles required in case of contention with the preceding or following instruction.

HITACHI
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Table 2.8 lists the SH7709A logic operation instructions.

Table 2.8  Logic Operation Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
AND Rm Rn Rn & Rm - Rn 0010nnnnmmm001 — 1 —
AND #i mm RO RO & imm - RO 1100100%iiiiiiii — 1 —
AND. B #i mm @ RO, GBR) (RO + GBR) & imm - 1100210%iiiiiiii — 3 —
(RO + GBR)
NOT Rm Rn ~Rm - Rn 0110nnnnmmm0111 — 1 —
R Rm Rn Rn|Rm - Rn 0010nnnnmmm1011 — 1 —
OoR #i mm RO RO | imm - RO 1100201%iiiiiiii — 1 —
OR B #i nmm @ RO, GBR) (RO + GBR) | imm - 1100112 iiiiiiii — 3 —
(RO + GBR)
TAS. B @rn If(Rn)is 0,1 - T; 0100nnnn00011011 — 3 Test
1 - MSB of (Rn) result
TST Rm Rn Rn & Rm; if the result 0010nnnnmMmmM.000 — 1 Test
is0,1 - T result
TST # mm RO RO & imm; if the result 11001000iiiiiiii — 1 Test
is0,1 - T result
TST.B #i mm @ RO, GBR) (RO + GBR) & imm; 11002100iiiiiiii — 3 Test
iftheresultis0,1 - T result
XOR Rm Rn Rn”~Rm - Rn 0010nnnnmmm1010 — 1 —
XOR #i mm RO RO~ imm - RO 11002010iiiiiiii — 1 —
XOR. B #i mm @ RO, GBR) (RO + GBR) Aimm - 1100212110iiiiiiii — 3 —
(RO + GBR)
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Table 2.9 lists the SH7709A shift instructions.

Table 2.9  Shift Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit
ROTL Rn T « Rn - MSB 0100nnnn00000100  — 1 MSB
ROTR Rn LSB - Rn - T 0100nnnn00000101 — LSB
ROTCL Rn T<Rn T 0100nnnn00100100 — 1 MSB
ROTCR Rn T-Rn T 0100nnnn00100101 — 1 LSB
SHAD Rm Rn Rn=0: Rn<<Rm - Rn 0100nnnnmMmmMM100 — 1 —

Rn <0:Rn>>Rm -

[MSB - Rn]
SHAL Rn T<Rn-0 0100nnnn00100000 — 1 MSB
SHAR Rn MSB - Rn - T 0100nnnn00100001 — 1 LSB
SHLD Rm Rn Rn=0: Rn<<Rm - Rn 0100nnnnmMmmM1101 — 1 —

Rn<0:Rn>>Rm -

[0 - Rn]
SHLL Rn T-Rn<0 0100nnNn00000000  — 1 MSB
SHLR Rn 0O-Rn-T 0100nnnNn00000001 — 1 LSB
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — 1 —
SHLR2 Rn Rn>>2 - Rn 0100nnnn00001001 — 1 —
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 — 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — 1 —
SHLL16 Rn Rn<<16 - Rn 0100nnnNn00101000 — 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 — 1 —
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Table 2.10 lists the SH7709A branch instructions.

Table 2.10 Branch Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

BF | abel IfT=0,dispx2+PC - PC; 10001011dddddddd — 3/1* —
if T =1, nop (where label is
disp + PC)

BF/'S | abel Delayed branch, if T =0, 10001111dddddddd — 2/1* —
disp x 2 + PC - PC;
if T=1, nop

BT | abel Delayed branch, if T =1, 10001001dddddddd — 3/1* —
disp x2 + PC - PC;
if T =0, nop

BT/S | abel If T=1,dispx2+PC - PC; 10001101dddddddd — 2/1* —
if T=0, nop

BRA | abel Delayed branch, 1010dddddddddddd — 2 —
dispx2+PC - PC

BRAF Rm Delayed branch, 0000nMmMMD0100011 — 2 —
Rm+PC - PC

BSR | abel Delayed branch, PC - PR, 1011dddddddddddd — 2 —
dispx2+PC - PC

BSRF Rm Delayed branch, PC - PR, 0000nMMMD0000011 — 2 —
Rm+PC - PC

JMP @m Delayed branch, Rm - PC 0100mm®D0101011 — 2 —

JSR @m Delayed branch, PC - PR, 0100mMmmMmMD0001011 — 2 —
Rm - PC

RTS Delayed branch, PR - PC 0000000000001011 — 2 —

Note: * One state when there is no branch.
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Table 2.11 lists the SH7709A system control instructions.

Table 2.11 System Control Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
CLRVAC 0 - MACH, MACL 0000000000101000 — —
CLRS 0-5S 0000000001001000 — 1 —
CLRT 0-T 0000000000001000 — 1 0
LDC  Rm SR Rm - SR 0100mmmMMD0001110 v 5 LSB
LDC Rm GBR Rm - GBR 0100mmMmMD0011110 — 1 —
LDC Rm VBR Rm - VBR 0100MmmmM00101110 vV 1 —
LDC  Rm SSR Rm - SSR 0100mmMMO0111110 v 1 —
LDC Rm SPC Rm - SPC 0100MmmMM01001110 V 1 —
LDC Rm RO_BANK Rm - RO_BANK 0100MmmmML0001110 vV 1 —
LDC Rm R1_BANK Rm - R1_BANK 0100mmml 0011110 V 1 —
LDC Rm R2_BANK Rm - R2_BANK 0100mmmMl 0101110 V 1 —
LDC Rm R3_BANK Rm - R3_BANK 0100mmml0111110 V 1 —
LDC Rm RA_BANK Rm - R4 BANK 0100mmmMl 1001110 V 1 —
LDC Rm R5_BANK Rm - R5_BANK 0100mmml 1011110 V 1 —
LDC Rm R6_BANK Rm - R6_BANK 0100mmmMl1101110 V 1 —
LDC Rm R7_BANK Rm - R7_BANK 0100mmmi1111110 V 1 —
LDC. L @mt, SR (Rm) - SR,Rm+4 - Rm 0100mmmD0000111 v 7 LSB
LDC. L @mt, GBR (Rm) - GBR,Rm+4 - Rm 0100mmMmD0010111 — 1 —
LDC. L @m, VBR (Rm) - VBR, Rm+4 - Rm 0100mmMmD0100111  V 1 —
LDC. L @m+, SSR (Rm) - SSR,Rm +4 - Rm 0100mmMM00110111 vV 1 —
LDC. L @mt, SPC (Rm) - SPC,Rm+4 - Rm 0100MmmMM01000111 vV 1 —
LDC. L @R+, (Rm) - RO_BANK, 0100mMmmMM10000111  V 1 —
RO_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) — R1_BANK, 0100mmm10010111 v 1 —
R1_BANK Rm+4 - Rm
LDC. L @R+, (Rm) - R2_BANK, 0100mMmmMM10100111  V 1 —
R2_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) - R3_BANK, 0100mmm10110111 Vv 1 —
R3_BANK Rm+4 - Rm
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Table 2.11 System Control Instructions (cont)

Privileged
Instruction Operation Code Mode Cycles T Bit
LDC. L @m+, (Rm) = R4_BANK, 0100mmm11000111 Vv 1 —
R4_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) - R5_BANK, 0100mmm11010111 1 —
R5_BANK Rm+4 - Rm
LDC. L @m+, (Rm) - R6_BANK, 0100mmm11100111 Vv 1 —
R6_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) - R7_BANK, 0100mmm 1110111 1 —
R7_BANK Rm+4 - Rm
LDS  Rm MACH Rm - MACH 0100nmMmMmM®D0001010 — 1 —
LDS Rm MACL Rm - MACL 0100mMmMmM®D0011010 — 1 —
LDS Rm PR Rm - PR 0100MmmmD0101010 — 1 —
LDS. L @m+, MACH (Rm) -~ MACH,Rm+4 -~ Rm 0100mmm00000110 — 1 —_
LDS. L @m+, MACL (Rm) - MACL,Rm+4 ~ Rm 0100mmmD0010110 — 1 —
LDS. L @m+, PR (Rm) - PR,Rm+4 - Rm 0100MmmMmmD0100110 — 1 —
LDTLB PTEH/PTEL - TLB 0000000000111000 1 —
NOP No operation 0000000000001001 — 1 —
PREF @m (Rm) - cache 0000mMMmM10000011 — 1 —
RTE Delayed branch, 0000000000101011 4 —
SSR/SPC - SR/PC
SETS 1-5S 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SLEEP Sleep 0000000000011011  V 4* —
STC SR Rn SR - Rn 0000nnNN00000010 v 1 —
STC GBR, Rn GBR - Rn 0000nnnn00010010 — 1 —
STC  VBR Rn VBR - Rn 0000nnNNN00100010 v 1 —
STC SSR, Rn SSR - Rn 0000nnNnNn00110010 1 —
STC SPC, Rn SPC - Rn 0000nnNnNN01000010 vV 1 —
STC  RO_BANK, R RO_BANK- Rn 0000nnNN10000010  V 1 —
STC R1_BANK, Rn R1_BANK- Rn 0000nnNnNNn10010010 vV 1 —
STC R2_BANK, Rn R2_BANK- Rn 0000nnnNN10100010 vV 1 —
STC  R3_BANK, R R3 BANK- Rn 0000nnNNN10110010 V 1 —

Note: * The number of cycles until the sleep state is entered.
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Table 2.11 System Control Instructions (cont)

Privileged
Instruction Operation Code Mode Cycles T Bit
STC R4_BANK, Rn  R4_BANK- Rn 0000nnNNN11000010 v —
STC R5_BANK, Rn R5_BANK- Rn 0000nnnNn11010010 V 1 —
STC R6_BANK, Rn R6_BANK- Rn 0000nNNN11100010 vV 1 —
STC R7_BANK, Rn  R7_BANK- Rn 0000nnnNN11110010 V 1 —
STC.L SR, @Rn Rn—4 - Rn, SR - (Rn) 0100nnnNn00000011 vV 1 —
STC.L GBR @Rn Rn-4 - Rn, GBR - (Rn) 0100nnnn00010011 — 1 —
STC. L VBR, @Rn Rn-4 - Rn, VBR - (Rn) 0100nnnn00100011 vV 1 —
STC. L SSR, @Rn Rn-4 - Rn, SSR - (Rn) 0100nnnn00110011 vV 1 —
STC.L SPC, @Rn Rn-4 - Rn, SPC - (Rn) 0100nnnn01000011 vV 1 —
STC. L RO_BANK, Rn—4 - Rn, RO_BANK - (Rn) 0100nnnn10000011 v 2 —
@Rn
STC. L R1_BANK, Rn—4 - Rn, R1_BANK - (Rn) 0100nnnn10010011 2 —
@Rn
STC. L R2_BANK, Rn—4 - Rn, R2_BANK - (Rn) 0100nnnn10100011 V 2 —
@Rn
STC. L R3_BANK, Rn—4 - Rn, R3_BANK - (Rn) 0100nnnn10110011 V 2 —
@Rn
STC. L R4_BANK, Rn—4 - Rn, R4_BANK - (Rn) 0100nnnn11000011 V 2 —
@Rn
STC. L R5_BANK, Rn—4 - Rn, R5_BANK - (Rn) 0100nnnn11010011 v 2 —
@Rn
STC. L R6_BANK, Rn—4 - Rn, R6_BANK - (Rn) 0100nnnn11100011 vV 2 —
@Rn
STC. L R7_BANK, Rn—4 - Rn, R7_BANK - (Rn) 0100nnnn11110011 v 2 —
@Rn
STS MACH, Rn MACH - Rn 0000nnnn00001010 — 1 —
STS MACL, Rn MACL - Rn 0000nnnn00011010 — 1 —
STS PR, Rn PR - Rn 0000nnnn00101010 — 1 —
STS. L MACH, @-Rn Rn-4 - Rn, MACH - (Rn) 0100nnnn00000010 — 1 —
STS. L MACL, @Rn Rn-4 - Rn, MACL - (Rn) 0100nnnn00010010 — 1 —
STS.L PR @Rn Rn-4 - Rn, PR - (Rn) 0100nnnn00100010 — 1 —
TRAPA #i nm PC - SPC, SR - SSR, 1100001%iiiiiiii — 6 —
imm - TRA
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Notes: 1. The table shows the minimum number of execution cycles. The actual number of

50

instruction execution cycles will increase in cases such as the following:

* When there is contention between an instruction fetch and data access

« When the destination register in a load (memory-to-register) instruction is also used
by the next instruction

. With the addressing modes using displacement (disp) listed below, the assembler

descriptions in this manual show the value before scaling (x1, x2, or x4) is performed.
This is done to clarify the operation of the chip. For the actual assembler descriptions,
refer to the individual assembler notation rules.

@ (disp:4, Rn) ; Register-indirect with displacement
@ (disp:8, Rn) ; GBR-indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative
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24.2

Instruction Code Map

Table 2.12 shows the instruction code map.

Table 2.12 Instruction Code Map
Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111

MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0000| Rn | Fx | 0000
0000| Rn | Fx | 0001
0000| Rn |0OMD| 0010|STC SR,Rn STC GBR,Rn STC VBR,Rn STC SSR,Rn
0000| Rn |01MD| 0010|STC SPC,Rn
0000| Rn |10MD| 0010|STC RO_BANK,Rn [STC R1_BANK,Rn [STC R2_BANK,Rn [STC R3_BANK,Rn
0000| Rn |11MD| 0010|STC R4_BANK,Rn [STC R5_BANK,Rn [STC R6_BANK,Rn [STC R7_BANK,Rn
0000| Rm |00MD| 0011|BSRF ~ Rm BRAF  Rm
0000| Rn |10MD| 0011|PREF ~ @Rn
0000| Rn | Rm |0IMD|MOV.B  Rm,@(RO,Rn) [MOV.W Rm,@(RO,Rn) |[MOV.L Rm,@(RO,Rn) |MUL.L Rm,Rn
0000| 0000|00MD]| 1000| CLRT SETT CLRMAC LDTLB
0000| 0000|01MD| 1000| CLRS SETS
0000| 0000| Fx |1001|NOP DIVOU
0000| 0000| Fx |1010
0000| 0000| Fx |1011|RTS SLEEP RTE
0000| Rn | Fx |1000
0000| Rn | Fx |1001 MOVT Rn
0000| Rn | Fx |1010|STS MACH,Rn STS MACL,Rn STS PR,Rn
0000, Rn Fx | 1011
0000| Rn | Rm |1IMD|MOV.B  @(RO,Rm),Rn |[MOV.W @(RO,Rm),Rn |MOV.L @(RO,Rm),Rn |MAC.L @Rm+@Rn+
0001 Rn | Rm | disp [MOV.L Rm,@(disp:4,Rn)
0010/ Rn | Rm |0OMD|MOV.B  Rm,@Rn MOV.W Rm,@Rn MOV.L Rm,@Rn
0010| Rn | Rm |0IMD|MOV.B  Rm,@-Rn MOV.W Rm,@-Rn MOV.L Rm,@-Rn DIVOS  Rm,Rn
0010| Rn | Rm |10MD|TST Rm,RNn AND  Rm,Rn XOR  Rm,Rn OR Rm,Rn
0010| Rn | Rm |11MD|CMP/STR Rm,Rn XTRCT Rm,Rn MULU.W Rm,Rn MULSW Rm,Rn
0011| Rn | Rm |0OMD|CMP/EQ Rm,Rn CMP/HS Rm,Rn CMP/GE Rm,Rn
0011| Rn | Rm [0IMD|DIV1  Rm,Rn DMULU.LRm,Rn CMP/HI  Rm,Rn CMP/GT Rm,Rn
0011| Rn | Rm |10MD|SUB Rm,Rn SUBC  Rm,Rn SUBV  Rm,Rn
0011| Rn | Rm |11IMD/ADD  Rm,Rn DMULS.LRm,Rn ADDC  Rm,Rn ADDV ~ Rm,Rn
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Table 2.12

Instruction Code Map (cont)

Instruction Code

Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111

MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0100; Rn Fx | 0000 |SHLL Rn DT Rn SHAL Rn
0100, Rn Fx | 0001|SHLR Rn CMP/PZ Rn SHAR Rn
0100; Rn Fx | 0010|STS.L MACH,@-Rn |STS.L MACL,@-Rn STS.L PR,@-Rn
0100, Rn |0OMD| 0011|STC.L SR,@-Rn STC.L GBR,@-Rn STC.L VBR,@-Rn STC.L SSR,@-Rn
0100, Rn |01MD| 0011|STC.L SPC,@-Rn
0100, Rn |10MD| 0011|STC.L RO_BANK,@-Rn |STC.L R1_BANK,.@-Rn |STC.L R2_BANK,@-Rn |[STC.L  R3_BANK,@-Rn
0100, Rn |11MD| 0011|STC.L R4_BANK,@-Rn |STC.L  R5_BANK,@-Rn |STC.L R6_BANK,@-Rn |STC.L  R7_BANK,@-Rn
0100, Rn Fx | 0100|ROTL Rn ROTCL Rn
0100; Rn Fx | 0101|ROTR Rn CMP/PL Rn ROTCR Rn
0100 Rm | Fx |0110|LDS.L @Rm+MACH |LDS.L @Rm+MACL |LDS.L @Rm+PR
0100, Rm |0OMD| 0111|LDC.L @Rm+,SR LDC.L @Rm+,GBR LDC.L @Rm+,VBR LDC.L @Rm+,SSR
0100 Rm |01MD| 0111|LDC.L ~ @Rm+,SPC
0100, Rm |10MD| 0111|LDC.L @Rm+,RO_BANK|LDC.L @Rm+RLBANK  |LDC.L @Rm+,R2_BANK | LDC.L @Rm+,R3_BANK
0100, Rm |11MD| 0111|LDC.L @Rm+,R4_BANK|LDC.L @Rm+,R5_BANK | LDC.L @Rm+,R6_BANK | LDC.L @Rm+,R7_BANK
0100 Rn Fx | 1000|SHLL2 Rn SHLL8 Rn SHLL16 Rn
0100, Rn Fx | 1001|SHLR2 Rn SHLR8 Rn SHLR16 Rn
0100 Rm | Fx |1010|LDS Rm,MACH LDS Rm,MACL LDS Rm,PR
0100| Rm/ | Fx |1011|JSR @Rm TAS.B  @Rn JMP @Rm

Rn
0100 Rn | Rm | 1100|SHAD Rm,Rn
0100, Rn | Rm | 1101|SHLD Rm,Rn
0100, Rm |0OMD,| 1110|LDC Rm,SR LDC Rm,GBR LDC Rm,VBR LDC Rm,SSR
0100, Rm |01MD| 1110|LDC Rm,SPC
0100, Rm |10MD| 1110|LDC Rm,RO_BANK |LDC Rm,R1_BANK |LDC Rm,R2_BANK |LDC Rm,R3_BANK
0100 Rm |11MDj| 1110|LDC Rm,R4_BANK |LDC Rm,R5_BANK |LDC Rm,R6_BANK |LDC Rm,R7_BANK
0100 Rn | Rm | 1111|MAC.W  @Rm+,@Rn+
0101 Rn | Rm | disp |MOV.L @(disp:4,Rm),Rn
0110| Rn | Rm |0OMD|MOV.B @Rm,Rn MOV.W @Rm,Rn MOV.L @Rm,Rn MOV Rm,Rn
0110, Rn | Rm |01IMD|MOV.B @Rm+,Rn MOV.W  @Rm+,Rn MOV.L @Rm+,Rn NOT Rm,Rn
0110, Rn | Rm |10MD|SWAP.B Rm,Rn SWAP.W Rm,Rn NEGC Rm,Rn NEG Rm,Rn
0110 Rn | Rm [11MD|EXTU.B  Rm,Rn EXTU.W Rm,Rn EXTS.B  Rm,Rn EXTS.W Rm,Rn
0111] Rn imm ADD #imm:8,Rn
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Table 2.12 Instruction Code Map (cont)

Instruction Code

Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111

MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
1000/00MD| Rn | disp |MOV.B MOV.W

RO,@(disp:4,Rn) RO,@(disp:4,Rn)
1000/01MD| Rm | disp |MOV.B MOV.W

@(disp:4,Rm),R0 @(disp:4,Rm),R0O
1000/10MD| imm/disp |CMP/EQ #imm:8,R0 BT label:8 BF label:8
1000{11MD| imm/disp BT/S label:8 BF/S label:8

1001| Rn disp

MOV.W @(DISP:8,PC),RN

1010 disp BRA label:12
1011 disp BSR label:12
1100/00MD| imm/disp |MOV.B MOV.W MOV.L TRAPA #imm:8

RO, @(disp:8,GBR)

RO, @(disp:8,GBR)

RO,@(disp:8,GBR)

1100|01MD disp

MOV.B
@(disp:8,GBR),R0

MOV.W
@(disp:8,GBR),R0

MOV.L
@(disp:8,GBR),R0

MOVA
@(disp:8,PC),R0

1100/10MD, imm

TST #imm:8,R0

AND #imm:8,R0

XOR #imm:8,R0

OR #imm:8,R0

1100/11MD, imm

TST.B
#imm:8,@(R0,GBR)

AND.B
#imm:8,@(R0O,GBR)

XOR.B
#imm:8,@(R0,GBR)

OR.B
#imm:8,@(R0,GBR)

Rn disp MOV.L @(disp:8,PC),Rn
1101
1110 Rn imm MOV #imm:8,Rn
1111 kkkkkkkkkkkk
Note: See the SH-3/SH-3E/SH3-DSP Programming Manual for details.
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25 Processor States and Processor Modes

2.5.1 Processor States

The SH7709A has five processor states: the reset state, exception-handling state, bus-releas
state, program execution state, and power-down state.

Reset Stateln this state the CPU is reset. The CPU enters the power-on reset staR¥$ HieP
pin is low, or the manual reset state if REESETM pin is low. See section 4, Exception Handling,
for more information on resets.

In the power-on reset state, the internal states of the CPU and the on-chip supporting module
registers are initialized. In the manual reset state, the internal states of the CPU and registers
chip supporting modules other than the bus state controller (BSC) are initialized. Since the BS
not initialized in the manual reset state, refreshing operations continue. Refer to the register
configurations in the relevant sections for further details.

Exception-Handling State:This is a transient state during which the CPU'’s processor state flo\
is altered by a reset, general exception, or interrupt exception handling.

In the case of a reset, the CPU branches to address H'A0000000 and starts executing the use
coded exception handling program.

In the case of a general exception or interrupt, the program counter (PC) contents are saved i
saved program counter (SPC) and the status register (SR) contents are saved in the saved st
register (SSR). The CPU branches to the start address of the user-coded exception service rc
found from the sum of the contents of the vector base address and the vector offset. See sect
Exception Processing, for more information on resets, general exceptions, and interrupts.

Program Execution State:In this state the CPU executes program instructions in sequence.

Power-Down State:In the power-down state, CPU operation halts and power consumption is
reduced. There are three modes in the power-down state: sleep mode, standby mode and hal
standby mode. See section 8, Power-Down Modes, for more information.

Bus-Released Statdn this state the CPU has released the bus to a device that requested it.

Transitions between the states are shown in figure 2.8.
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Note: * The hardware standby mode is entered when the CA pin goes low from any state.

Figure 2.8 Processor State Transitions

2.5.2 Processor Modes

There are two processor modes: privileged mode and user mode. The processor mode is
determined by the processor mode bit (MD) in the status register (SR). User mode is selecte
when the MD bit is 0, and privileged mode when the MD bit is 1. When the reset state or
exception state is entered, the MD bit is set to 1. When exception handling ends, the MD bit

cleared to 0 and user mode is entered. There are certain registers and bits which can only b

accessed in privileged mode.
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Section 3 Memory Management Unit (MMU)

3.1 Overview

3.1.1 Features

The SH7709A has an on-chip memory management unit (MMU) that implements address
translation. The SH7709A features a resident translation look-aside buffer (TLB) that caches
information for user-created address translation tables located in external memory. It enable:
speed translation of virtual addresses into physical addresses. Address translation uses the
system and supports two page sizes (1 Kbytes and 4 Kbytes). The access right to virtual adc
space can be set for privileged and user modes to provide memory protection.

3.1.2 Role of MMU

The MMU is a feature designed to make efficient use of physical memory. As shown in figure
if a process is smaller in size than the physical memory, the entire process can be mapped ¢
physical memory. However, if the process increases in size to the extent that it no longer fits
physical memory, it becomes necessary to partition the process and to map those parts requ
execution onto memory as occasion demands ((1)). Having the process itself consider this
mapping onto physical memory would impose a large burden on the process. To lighten this
burden, the idea of virtual memory was born as a means of performing en bloc mapping ontc
physical memory ((2)). In a virtual memory system, substantially more virtual memory than
physical memory is provided, and the process is mapped onto this virtual memory. Thus a pr
only has to consider operation in virtual memory. Mapping from virtual memory to physical
memory is handled by the MMU. The MMU is normally controlled by the operating system,
switching physical memory to allow the virtual memory required by a process to be mapped
physical memory in a smooth fashion. Switching of physical memory is carried out via secon:
storage, etc.

The virtual memory system that came into being in this way is particularly effective in a time-
sharing system (TSS) in which a number of processes are running simultaneously ((3)). If
processes running in a TSS had to take mapping onto virtual memory into consideration whil
running, it would not be possible to increase efficiency. Virtual memory is thus used to reduc
load on the individual processes and so improve efficiency ((4)). In the virtual memory syster
virtual memory is allocated to each process. The task of the MMU is to perform efficient map
of these virtual memory areas onto physical memory. It also has a memory protection feature
prevents one process from inadvertently accessing another process’s physical memory.

When address translation from virtual memory to physical memory is performed using the M
it may occur that the relevant translation information is not recorded in the MMU, with the res
that one process may inadvertently access the virtual memory allocated to another process.
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case, the MMU will generate an exception, change the physical memory mapping, and record
new address translation information.

Although the functions of the MMU could also be implemented by software alone, the need fo
translation to be performed by software each time a process accesses physical memory wouls
result in poor efficiency. For this reason, a buffer for address translation (translation look-asid
buffer: TLB) is provided in hardware to hold frequently used address translation information. T
TLB can be described as a cache for storing address translation information. Unlike cache
memory, however, if address translation fails, that is, if an exception is generated, switching o
address translation information is normally performed by software. This makes it possible for
memory management to be performed flexibly by software.

The MMU has two methods of mapping from virtual memory to physical memory: a paging
method using fixed-length address translation, and a segment method using variable-length
address translation. With the paging method, the unit of translation is a fixed-size address spe
(usually of 1 to 64 Kbytes) called a page.

In the following text, the SH7709A address space in virtual memory is referred to as virtual
address space, and address space in physical memory as physical memory space.
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3.1.3 SH7709A MMU

Virtual Address Map: The SH7709A uses 32-bit virtual addresses to access a 4-Gbyte virtual
address space that is divided into several areas. Address space mapping is shown in figure 3

Mapping of the P1 area is fixed to physical address space (H'00000000 to H'1FFFFFFF). In tt
area, setting a virtual address MSBs (bit 31) to O generates the corresponding physical addre:
area access can be cached, and the cache control register (CCR) is set to indicate whether tc
or not. Write access is processed as write-through.

Mapping of the P2 area is fixed to physical address space (H'00000000 to H'1FFFFFFF). In tt
area, setting the top three virtual address bits (bits 31, 30, and 29) to 0 generates the corresp
physical address. P2 area access cannot be cached.

The P1 and P2 areas are not mapped by the address translation table, so the TLB is not usec
no exceptions like TLB misses occur. Initialization of MMU-related registers, exception
processing, and the like are located in the P1 and P2 areas. Because the P1 area is cached, |
that require high-speed processing are placed there.

A part of the control register in the peripheral module is allocated in area 1 of the physical adc
space. When the physical address space is not used for address translation, allocate that par
control register in the P2 area. When the physical address space is used for address translat
no caching.

The P4 area is used for mapping on-chip control register addresses.

In the user mode, 2 Ghytes of the virtual address space from H'00000000 to H'7FFFFFFF (art
U0) can be accessed. U0 is mapped onto physical address space in page units. Write-back ol
through mode can be selected for write accesses by means of a CCR setting. 2 Gbytes of the
virtual address space from H'80000000 to H'FFFFFFFF cannot be accessed in the user mode
Attempting to do so creates an address error. Write-back or write-through can be selected for
access by means of a CCR setting.
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Address error

User mode

Area UO

Figure 3.2 Virtual Address Space Mapping
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Physical Address SpaceThe SH7709A supports a 32-bit physical address space, but the uppe
bits are actually ignored and treated as a shadow. See section 10, Bus State Controller (BSC
details.

Single Address Translation:When the MMU is enabled, the virtual address space is divided in
units called pages. Physical addresses are translated in page units. Address translation table:
external memory hold information such as the physical address that corresponds to the virtua
address and memory protection codes. When an access to areas P1 or P2 occurs, there is nc
access and the physical address is defined uniquely by hardware. If it belongs to area PO, P3
U0, the TLB is searched by virtual address and, if that virtual address is registered in the TLB,
access hits the TLB. The corresponding physical address and the page control information ar
from the TLB and the physical address is determined.

If the virtual address is not registered in the TLB, a TLB miss exception occurs and processin
will shift to the TLB miss handler. In the TLB miss handler, the TLB address translation table i
external memory is searched and the corresponding physical address and the page control
information are registered in the TLB. After returning from the handler, the instruction that cau
the TLB miss is re-executed. When the MMU is enabled, address translation information that
results in a physical address space of H'80000000—H'FFFFFFFF should not be registered in t
TLB.

When the MMU is disabled, the virtual address is used directly as the physical address. As th
SH7709A supports a 29-bit address space as the physical address space, the top 3 bits of the
physical address are ignored, and constitute a shadow space (see section 10, Bus State Con
(BSC)). For example, addresses H'00001000 in the PO area, H'80001000 in the P1 area,
H'A0001000 in the P2 area, and H'C0001000 in the P3 area are all mapped onto the same pt
address. When access to these addresses is performed with the cache enabled, an address \
top 3 bits of the physical address masked to 0 is stored in the cache address array to ensure
congruity.

Single Virtual Memory Mode and Multiple Virtual Memory Mode: There are two virtual
memory modes: single virtual memory mode and multiple virtual memory mode. In single virtu
memory mode, multiple processes run in parallel using the virtual address space exclusively ¢
the physical address corresponding to a given virtual address is specified uniquely. In multiple
virtual memory mode, multiple processes run in parallel sharing the virtual address space, so
given virtual address may be translated into different physical addresses depending on the pr
By the value set to the MMU control register (MMUCR), either single or multiple virtual mode i
selected.

In terms of operation, the only difference between single virtual memory mode and multiple
virtual memory mode is in the TLB address comparison method (see section 3.3.3, TLB Addre
Comparison).
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Address Space Identifier (ASID):In multiple virtual memory mode, the address space identifie
(ASID) is used to differentiate between processes running in parallel and sharing virtual addr
space. The ASID is 8 bits in length and can be set by software setting of the ASID of the curi
running process in PTEH within the MMU. When the process is switched using the ASID, the
TLB does not have to be purged.

In single virtual memory mode, the ASID is used to provide memory protection for processes
running simulataneously and using the virtual address space exclusively (see section 3.4.2, |
Software Management).

3.14 Register Configuration

A register that has an undefined initial value must be initialized by software. Table 3.1 shows
configuration of the MMU control registers.

Table 3.1 Register Configuration

Name Abbreviation R/W Size Initial Value* 1 Address
Page table entry register PTEH R/W Longword Undefined H'FFFFFFFO
high

Page table entry register low PTEL R/W Longword Undefined H'FFFFFFF4
Translation table base TTB R/W Longword Undefined H'FFFFFFF8
register

TLB exception address TEA R/W Longword Undefined H'FFFFFFFC
register

MMU control register MMUCR R/W Longword *2 H'FFFFFFEO

Notes: 1. Initialized by a power-on reset or manual reset.
2. SV bit: undefined
Other bits: 0
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3.2 Register Description

There are five registers for MMU processing. These are all peripheral module registers, so the
located in address space area P4 and can only be accessed from privileged mode by specifyi
address. These registers consist of:

1.

64

The page table entry register high (PTEH) register residing at address H'FFFFFFFO, whict
consists of a virtual page number (VPN) and ASID. The VPN set is the VPN of the virtual
address at which the exception is generated in case of an MMU exception or address errol
exception. When the page size is 4 kbytes, the VPN is the upper 20 bits of the virtual addre
but in this case the upper 22 bits of the virtual address are set. The VPN can also be modi
by software. As the ASID, software sets the number of the currently executing process. Th
VPN and ASID are recorded in the TLB by the LDTLB instruction.

The page table entry register low (PTEL) register residing at address H'FFFFFFF4, and us
store the physical page number and page management information to be recorded in the T
by the LDTLB instruction. The contents of this register are only modified in response to a
software command.

The translation table base register (TTB) residing at address H'FFFFFFF8, which points to
base address of the current page table. The hardware does not set any value in TTB
automatically. TTB is available to software for general purposes.

The TLB exception address register (TEA) residing at address H'FFFFFFFC, which stores
virtual address corresponding to a TLB or address error exception. This value remains vali
until the next exception or interrupt.

The MMU control register (MMUCR) residing at address H'FFFFFFEOQ, which makes the
MMU settings described in figure 3.3. Any program that modifies MMUCR should reside in
the P1 or P2 area.
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The MMU registers are shown in figure 3.3.

SV:

RC:

TF:

AT:

31 10 7 0
| VPN |0 | ASID |
PTEH
31 109876 4 3210
| PPN |dvhﬂkazkﬂoka|
PTEL
31 0
| TTB |
TTB
31 0

Virtual address causing TLB-related
or address error exception

TEA
31 8 765432 1 0

" [sv]oorefolrel ]

MMUCR

Reserved bits. Always read as 0. Writing is ignored. However, 0 should also be
specified in a write to MMUCR only.

Single virtual memory mode bit. Set to 1 for the single virtual memory mode,
cleared to 0 for the multiple virtual memory mode.

A 2-bit random counter, automatically updated by hardware according to the
following rules in the event of an MMU exception. When a TLB miss exception
occurs, all TLB entry ways corresponding to the virtual address at which the
exception occurred are checked, and if all ways are valid, 1 is added to RC; if
there is one or more invalid way, they are set by priority from way 0, in the order:
way 0, way 1, way 2, way 3. In the event of an MMU exception other than a TLB
miss exception, the way which caused the exception is set in RC.

TLB flush bit. Write 1 to flush the TLB (clear all valid bits of the TLB to 0). Always
reads 0.

: Index mode bit. When 0, VPN bits 16-12 are used as the TLB index number.

When 1, the value obtained by EX-ORing ASID bits 4-0 in PTEH and VPN bits
16-12 are used as the TLB index number.

Address translation bit. Enables/disables the MMU.

0: MMU disabled

1: MMU enabled

Figure 3.3 MMU Register Contents
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3.3 TLB Functions

3.3.1 Configuration of the TLB

The TLB caches address translation table information located in the external memory. The ad
translation table stores the physical page number translated from the virtual page number anc
control information for the page, which is the unit of address translation. Figure 3.4 shows the
overall TLB configuration. The TLB is 4-way set associative with 128 entries. There are 32 en
for each way. Figure 3.5 shows the configuration of virtual addresses and TLB entries.

Way 0-3 Way 0-3
[ I I I [ I | | | |
[ I I I [ I I I I I

[ T I I || [ I I I I I ||

Entry 0 | VPN(31-17) [VPN(11-10)| ASID(7-0) | V | Entry 0 |PPN(31-10) |PR(1-0)|SZ| C | D |SH|
Entry 1 H Entry 1 H |
Entry 31 _-_ Entry 31 _-_

Address array Data array

Figure 3.4 Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 12 11 0
| VPN | Offset |

Virtual address (4-kbyte page)

(15) (2 ® @O @O (22) 2 1)@
[VPN (31-17)| VPN (11-10)| ASID [sH|sz| v | | PPN [PrR[c|D]
TLB entry
Legend:

VPN: Virtual page number. Top 22 bits of virtual address for a 1-kbyte page, or top 20 bits of
virtual address for a 4-kbyte page. Since VPN bits 16-12 are used as the index number, they
are not stored in the TLB entry.

ASID: Address space identifier. Indicates the process that can access a virtual page. In single
virtual memory mode and user mode, or in multiple virtual memory mode, if the SH bit is 0,
the address is compared with the ASID in PTEH when address comparison is performed.

SH: Share status bit
0 = Page not shared between processes
1 = Page shared between processes

SZ: Page-size bit
0 = 1-kbyte page
1 = 4-kbyte page

V: Valid bit. Indicates whether entry is valid.

0 = Invalid
1 = Valid
Cleared to 0 by a power-on reset. Not affected by a manual reset.

PPN: Physical page number. Top 22 bits of physical address. PPN bits 11-10 are not used in case
of a 4-kbyte page. Attention must be paid to the synonym problem in case of a 1-kbyte page
(see section 3.4.4).

PR: Set the most significant bit to 0.

Protection key field. 2-bit field encoded to define the access rights to the page.
00: Reading only is possible in privileged mode.
01: Reading/writing is possible in privileged mode.
10: Reading only is possible in privileged/user mode.
11: Reading/writing is possible in privileged/user mode.

C: Cacheable bit. Indicates whether the page is cacheable.
0: Non-cacheable
1: Cacheable

D: Dirty bit. Indicates whether the page has been written to.
0 = Not written to
1 = Written to

Figure 3.5 Virtual Address and TLB Structure
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3.3.2 TLB Indexing

The TLB uses a 4-way set associative scheme, so entries must be selected by index. VPN bit
to 12 are used as the index number regardless of the page size. The index number can be ge
in two different ways depending on the setting of the IX bit in MMUCR.

1. When IX =0, VPN bits 16—-12 alone are used as the index number

2. When IX =1, VPN bits 16-12 are EX-ORed with ASID bits 4-0 to generate a 5-bit index
number

The second method is used to prevent lowered TLB efficiency that results when multiple
processes run simultaneously in the same virtual address space (multiple virtual memory) anc
specific entry is selected by indexing of each process. Figures 3.6 and 3.7 show the indexing
schemes.

Virtual address PTEH register
31 1716 1211 0 31 10 7 0
‘ ’ VPN ‘ 0 ‘ ASID ‘
ASID(4-0
Exclusive-OR )« Sat)
Index
Way 0-3

[ I I I l [
[ I I I l [ I T T 1
[ I I I [

0| VPN(31-17) |VPN(11-10)| ASID(7-0) | V || PPN(31-10) |PR(1-0)|SZ| C | D | SH

31

Address array Data array

Figure 3.6 TLB Indexing (IX = 1)
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Virtual address
31 1716 1211 0

Index

Way 0-3

0| VPN(31-17) |VPN(11-10)| ASID(7-0) | V | PPN(31-10) |PR(1-0)[Sz| C | D |SH

31

Address array Data array

Figure 3.7 TLB Indexing (IX = 0)

3.3.3 TLB Address Comparison

The results of address comparison determine whether a specific virtual page number is regis
in the TLB. The virtual page number of the virtual address that accesses external memory is
compared to the virtual page number of the indexed TLB entry. The ASID within the PTEH is
compared to the ASID of the indexed TLB entry. All four ways are searched simultaneously.
compared values match, and the indexed TLB entry is valid (¢ Dit the hit is registered.

It is necessary to have software ensure that TLB hits do not occur simultaneously in more th
way, as hardware operation is not guaranteed if this occurs. For example, if there are two ide
TLB entries with the same VPN and a setting is made such that a TLB hit is made only by a

process with ASID = H'FF when one is in the shared state (SH = 1) and the other in the non-
state (SH = 0), then if the ASID in PTEH is set to H'FF, there is a possibility of simultaneous
hits in both these ways. It is therefore necessary to ensure that this kind of setting is hot mac
software.

The object compared varies depending on the page management information (SZ, SH) in the
entry. It also varies depending on whether the system supports multiple virtual memory or sir
virtual memory.

The page-size information determines whether VPN (11-10) is compared. VPN (11-10) is
compared for 1-kbyte pages (SZ = 0) but not for 4-kbyte pages (SZ = 1).
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The sharing information (SH) determines whether the PTEH.ASID and the ASID in the TLB er
are compared. ASIDs are compared when there is no sharing between processeps{&tHhot
when there is sharing (SH1).

When single virtual memory is supported (MMUCR.S\XL) and privileged mode is engaged
(SR.MD = 1), all process resources can be accessed. This means that ASIDs are not compare
when single virtual memory is supported and privileged mode is engaged. The objects of add:
comparison are shown in figure 3.8.

SH=1or
(SR.MD =1 and No
MMUCR.SV = 1)?

No (4 kbytes) No (4 kbytes)

Yes (1 kbyte) Yes (1 kbyte)

A4

A4

Bits compared:
VPN (31-17)
VPN (11-10)

Bits compared:
VPN (31-17)

Bits compared:
VPN (31-17)
VPN (11-10)
ASID (7-0)

Bits compared:
VPN (31-17)
ASID (7-0)

Figure 3.8 Objects of Address Comparison
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3.34 Page Management Information

In addition to the SH and SZ bits, the page management information of TLB entries also incl
D, C, and PR bits.

The D bit of a TLB entry indicates whether the page is dirty (i.e., has been written to). If the L
is 0, an attempt to write to the page results in an initial page write exception. For physical pa
swapping between secondary memory and main memory, for example, pages are controlled
a dirty page is paged out of main memory only after that page is written back to secondary
memory. To record that there has been a write to a given page in the address translation tab
memory, an initial page write exception is used.

The C bit in the entry indicates whether the referenced page resides in a cacheable or non-
cacheable area of memory. When the control register in area 1 is mapped, set the C bit to 0.
PR field specifies the access rights for the page in privileged and user modes and is used to
memory. Attempts at nonpermitted accesses result in TLB protection violation exceptions.

Access states designated by the D, C, and PR bits are shown in table 3.2.

Table 3.2  Access States Designated by D, C, and PR Bits
Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial page write
exception exception
1 Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PRbit 00 Permitted TLB protection TLB protection TLB protection
violation exception violation violation exception
exception
01 Permitted Permitted TLB protection TLB protection
violation violation exception
exception
10  Permitted TLB protection Permitted TLB protection
violation exception violation exception
11  Permitted Permitted Permitted Permitted
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3.4 MMU Functions

341 MMU Hardware Management

There are two kinds of MMU hardware management as follows:

1.

The MMU decodes the virtual address accessed by a process and performs address trans
by controlling the TLB in accordance with the MMUCR settings.

In address translation, the MMU receives page management information from the TLB, an
determines the MMU exception and whether the cache is to be accessed (using the C bit).
details of the determination method and the hardware processing, see section 3.5, MMU
Exceptions.

3.4.2 MMU Software Management

There are three kinds of MMU software management, as follows.

1.

MMU register setting. MMUCR setting, in particular, should be performed in areas P1 and
for which address translation is not performed. Also, since SV and IX bit changes constitut
address translation system changes, in this case, TLB flushing should be performed by
simultaneously writing 1 to the TF bit also. Since MMU exceptions are not generated in the
MMU disabled state with the AT bit cleared to 0, use in the disabled state must be avoided
with software that does not use the MMU.

TLB entry recording, deletion, and reading. TLB entry recording can be done in two ways |
using the LDTLB instruction, or by writing directly to the memory-mapped TLB. For TLB
entry deletion and reading, the memory allocation TLB can be accessed. See section 3.4.2
MMU Instruction (LDTLB), for details of the LDTLB instruction, and section 3.6, Memory-
Mapped TLB Configuration, for details of the memory-mapped TLB.

MMU exception processing. When an MMU exception is generated, it is handled on the be
of information set from the hardware side. See section 3.5, MMU Exceptions, for detalils.

When single virtual memory mode is used, it is possible to create a state in which physical
memory access is enabled in the privileged mode only by clearing the share status bit (SH) to
specify recording of all TLB entries. This strengthens inter-process memory protection, and
enables special access levels to be created in the privileged mode only.

Recording a 1-kbyte page TLB entry may result in a synonym problem. See section 3.4.4,
Avoiding Synonym Problems.
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3.4.3 MMU Instruction (LDTLB)

The load TLB instruction (LDTLB) is used to record TLB entries. When the IX bitin MMUCR
0, the LDTLB instruction changes the TLB entry in the way specified by the RC bit in MMUCI
to the value specified by PTEH and PTEL, using VPN bits 16—12 specified in PTEH as the in
number. When the IX bitin MMUCR is 1, the EX-OR of VPN bits 16—-12 specified in PTEH al
ASID bits 4-0 in PTEH are used as the index number.

Figure 3.9 shows the case where the IX bitin MMUCR is 0.

When an MMU exception occurs, the virtual page number of the virtual address that caused
exception is set in PTEH by hardware. The way is set in the RC bit of MMUCR for each exce
according to the rules shown in figure 3.9. Consequently, if the LDTLB instruction is issued a
setting only PTEL in the MMU exception processing routine, TLB entry recording is possible.
Any TLB entry can be updated by software rewriting of PTEH and the RC bits in MMUCR.

As the LDTLB instruction changes address translation information, there is a risk of destroyir
address translation information if this instruction is issued in the PO, UOQ, or P3 area. Make sL
therefore, that this instruction is issued in the P1 or P2 area. Also, an instruction associated \
access to the PO, UOQ, or P3 area (such as the RTE instruction) should be issued at least two
instructions after the LDTLB instruction.
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MMUCR

31 0
0 ‘SV‘O‘O‘RC‘O‘TF‘IX‘AT|
Index T Way selection
PTEH register —L— PTEL register
31 17 12 10 8 0 31 10 0
VPN ‘ ‘VPN ‘ 0 ‘ ASID | ’ PPN ‘O‘V‘O‘PR‘SZ‘C‘D‘SH‘O|

Write Write
v v v

Way 0 to 3

[ [ [ l[[ [ [ [ [ [

[ [ [ 1
[ [ [ [ [ [ [ [ [

0| VPN(31-17)

VPN(11-10) | ASID(7-0) |V |[{PPN(31-10) [PR(1-0)|SZ|C |D |SH

31

Address array Data array
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Figure 3.9 Operation of LDTLB Instruction
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3.4.4 Avoiding Synonym Problems

When a 1-kbyte page is recorded in a TLB entry, a synonym problem may arise. If a number
virtual addresses are mapped onto a single physical address, the same physical address da
recorded in a number of cache entries, and it will not be possible to guarantee data congruity
reason why this problem only occurs when using a 1-kbyte page is explained below with refe
to figure 3.10.

To achieve high-speed operation of the SH7709A cache, an index number is created using \
address bits 10—4. When a 4-kbyte page is used, virtual address bits 10—4 are included in th
offset, and since they are not subject to address translation, they are the same as physical a
bits 10—4. In cache-based address comparison and recording in the address array, since the
tag address is a physical address, physical address bits 31-10 are recorded.

When a 1-kbyte page is used, also, a cache index number is created using virtual address b
However, in case of a 1-kbyte page, virtual address bit 10 is subject to address translation ai
therefore may not be the same as physical address bit 10. Consequently, the physical addre
recorded in a different entry from that of the index number indicated by the physical address
cache address array.

For example, assume that, with 1-kbyte page TLB entries, TLB entries for which the followin
translation has been performed are recorded in two TLBs:

Virtual address 1 H'00000000- physical address H'00000400
Virtual address 2 H'00000400- physical address H'00000400

Virtual address 1 is recorded in cache entry H'00, and virtual address 2 in cache entry H'40.
two virtual addresses are recorded in different cache entries despite the fact that the physica
addresses are the same, memory inconsistency will occur as soon as a write is performed to
virtual address. Therefore, when recording a 1-kbyte TLB entry, if the physical address is the
as a physical address already used in another TLB entry, it should be recorded in such a wa
physical address bit 10 is the same.
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When using a 4-kbyte page
Virtual address
31 121110 0

VPN N Offset |

g

Virtual address (11-4)

Physical address
31 121110 0

PPN R Offset |

Physical address (31-10) >

Cache address
array

When using a 1-kbyte page
Virtual address
31 11109 0

VPN N Offset |

. Virtual address (11-4) q
Physical address

31 11109 0

PPN N Offset |

Physical address (31-10) q

Cache address
array
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Figure 3.10 Synonym Problem
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3.5 MMU Exceptions

There are four MMU exceptions: TLB miss, TLB protection violation, TLB invalid, and initial
page write.

351 TLB Miss Exception

A TLB miss results when the virtual address and the address array of the selected TLB entry
compared and no match is found. TLB miss exception processing includes both hardware ar
software operations.

Hardware Operations: In a TLB miss, the SH7709A hardware executes a set of prescribed
operations, as follows:

1.
2.
3.

© 0 N o

The VPN field of the virtual address causing the exception is written to the PTEH register
The virtual address causing the exception is written to the TEA register.

Either exception code H'040 for a load access, or H'060 for a store access, is written to tt
EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurred is

written to the save program counter (SPC). If the exception occurred in a delay slot, the F
value indicating the address of the related delayed branch instruction is written to the SP(
The contents of the status register (SR) at the time of the exception are written to the sav
status register (SSR).

The mode (MD) bit in SR is set to 1 to place the SH7709A in the privileged mode.

The block (BL) bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bit in SR is set to 1.

The RC field in the MMU control register (MMUCR) is incremented by 1 when all entries

indexed are valid. When some entries indexed are invalid, the smallest way number of the
setin RC.

10. Execution branches to the address obtained by adding the value of the VBR contents ant

H'00000400 to invoke the user-written TLB miss exception handler.

Software (TLB Miss Handler) Operations: The software searches the page tables in external
memory and allocates the required page table entry. Upon retrieving the required page table
software must execute the following operations:

1.

Write the value of the physical page number (PPN) field and the protection key (PR), pag
(S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page table entry
recorded in the address translation table in the external memory into the PTEL register in
SH7709A.
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2. If using software for way selection for entry replacement, write the desired value to the RC
field in MMUCR.

3. Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

4. Issue the return from exception handler (RTE) instruction to terminate the handler routine :
return to the instruction stream.

3.5.2 TLB Protection Violation Exception

A TLB protection violation exception results when the virtual address and the address array of
selected TLB entry are compared and a valid entry is found to match, but the type of access i
permitted by the access rights specified in the PR field. TLB protection violation exception
processing includes both hardware and software operations.

Hardware Operations: In a TLB protection violation exception, the SH7709A hardware execut
a set of prescribed operations, as follows:

1. The VPN field of the virtual address causing the exception is written to the PTEH register.
2. The virtual address causing the exception is written to the TEA register.

3. Either exception code H'0AO for a load access, or H'OCO for a store access, is written to th
EXPEVT register.

4. The PC value indicating the address of the instruction in which the exception occurred is
written into SPC (if the exception occurred in a delay slot, the PC value indicating the addr
of the related delayed branch instruction is written into SPC).

The contents of SR at the time of the exception are written to SSR.

The MD bit in SR is set to 1 to place the SH7709A in the privileged mode.
The BL bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bit in SR is set to 1.

The way that generated the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000100 to invoke the TLB protection violation exception handler.

© © N o,

Software (TLB Protection Violation Handler) Operations: Software resolves the TLB
protection violation and issues the RTE (return from exception handler) instruction to terminat
the handler and return to the instruction stream.
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3.5.3 TLB Invalid Exception

A TLB invalid exception results when the virtual address is compared to a selected TLB entn
address array and a match is found but the entry is not valid (the V bit is 0). TLB invalid exce
processing includes both hardware and software operations.

Hardware Operations: In a TLB invalid exception, the SH7709A hardware executes a set of
prescribed operations, as follows:

DR

© o N o

The VPN number of the virtual address causing the exception is written to the PTEH regi
The virtual address causing the exception is written to the TEA register.
The way number causing the exception is written to RC in MMUCR.

Either exception code H'040 for a load access, or H'060 for a store access, is written to t
EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in a delay slot, the PC value indicating the
address of the delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written into SSR.

The mode (MD) bit in SR is set to 1 to place the SH7709A in the privileged mode.
The block (BL) bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bit in SR is set to 1.

10. Execution branches to the address obtained by adding the value of the VBR contents ant

H'00000100, and the TLB protection violation exception handler starts.

Software (TLB Invalid Exception Handler) Operations: The software searches the page table
in external memory and assigns the required page table entry. Upon retrieving the required f
table entry, software must execute the following operations:

1.

Write the values of the physical page number (PPN) field and the values of the protection
(PR), page size (SZ), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the
table entry recorded in the external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired value to the R(
field in MMUCR.

Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

Issue the RTE instruction to terminate the handler and return to the instruction stream. Tt
RTE instruction should be issued after two LDTLB instructions.
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3.54 Initial Page Write Exception

An initial page write exception results in a write access when the virtual address and the addr
array of the selected TLB entry are compared and a valid entry with the appropriate access ri
is found to match, but the D (dirty) bit of the entry is O (the page has not been written to). Initig
page write exception processing includes both hardware and software operations.

Hardware Operations: In an initial page write exception, the SH7709A hardware executes a st
of prescribed operations, as follows:

A ownbdpE

© ©o N o »

The VPN field of the virtual address causing the exception is written to the PTEH register.
The virtual address causing the exception is written to the TEA register.
Exception code H'080 is written to the EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in a delay slot, the PC value indicating the
address of the related delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written to SSR.

The MD bit in SR is set to 1 to place the SH7709A in the privileged mode.
The BL bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bitin SR is setto 1.

The way that caused the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and

H'00000100 to invoke the user-written initial page write exception handler.

Software (Initial Page Write Handler) Operations: The software must execute the following
operations:

NP

Retrieve the required page table entry from external memory.
Set the D bit of the page table entry in the external memory to 1.

. Write the value of the PPN field and the PR, SZ, C, D, SH, and V bits of the page table eni

the external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired value to the RC
field in MMUCR.

Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

Issue the RTE instruction to terminate the handler and return to the instruction stream. The
RTE instruction should be issued after two LDTLB instructions.

Figure 3.11 shows the flowchart for MMU exceptions.
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Figure 3.11 MMU Exception Generation Flowchart
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355 Processing Flow in Event of MMU Exception (Same Processing Flow for Address
Error)

Figure 3.12 shows the MMU exception signals in the instruction fetch mode.

B [

|||:|ID EX | MA

ID | EX | MA | WB
ID | EX | MA | WB

NOP

Handler transition
processing

NOP
MMU exception handler —» | IF | ID | EX |V|A| WB|

I:I : Exception source stage

IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution
MA = Memory access
WB = Write back
NOP = No operation

Figure 3.12 MMU Exception Signals in Instruction Fetch
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Figure 3.13 shows the MMU exception signals in the data access mode.

[ ]
[]

IF
ID
EX
MA
WB
NOP

Handler transition
processing

IF| ID| EX
F| ID
IF
WB
MA | WB |
NOP [

NOP

MMU exception handler

— | IF | D [Ex |mA| wB|

: Exception source stage

: Stage cancellation for instruction
that has begun execution

= Instruction fetch

= Instruction decode

= Instruction execution
= Memory access

= Write back

= No operation

Figure 3.13 MMU Exception Signals in Data Access
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3.6 Memory-Mapped TLB

In order for TLB operations to be managed by software, TLB contents can be read or written t
the privileged mode using the MOV instruction. The TLB is assigned to the P4 area in the virtt
address space. The TLB address array (VPN, V bit, and ASID) is assigned to H'F2000000—
H'F2FFFFFF, and the data array (PPN, PR, SZ, C, D, and SH bits) to H'F3000000—H'F3FFFF
The V bit in the address array can also be accessed from the data array. Only longword acce:
possible for both the address array and the data array.

3.6.1 Address Array

The address array is assigned to H'F2000000 to H'F2FFFFFF. To access an address array, tl
32-bit address field (for read/write operations) and 32-bit data field (for write operations) must
specified. The address field specifies information for selecting the entry to be accessed,; the d
field specifies the VPN, V bit and ASID to be written to the address array (figure 3.14 (1)).

In the address field, specify the entry address for selecting the entry (bits 16—-12), W for select
the way (bits 9-8: 00 is way 0, 01 is way 1, 10 is way 2, 11 is way 3) and H'F2 to indicate add
array access (bits 31-24). The IX bit in MMUCR indicates whether an EX-OR is taken of the
entry address and ASID.

When writing, the write is performed to the entry selected with the index address and way.

When reading, the VPN, V bit, and ASID of the entry selected with the index address and way
the format of the data field in figure 3.12 without comparing addresses. 0 is written to data fiel
bits 16-12.

To invalidate a specific entry, specify the entry and way, and write 0 to the corresponding V bi

3.6.2 Data Array

The data array is assigned to H'F3000000 to H'F3FFFFFF. To access a data array, the 32-bit
address field (for read/write operations), and 32-bit data field (for write operations) must be
specified. These are specified in the general register. The address section specifies informatic
selecting the entry to be accessed; the data section specifies the longword data to be written f
data array (figure 3.14 (2)).

In the address section, specify the entry address for selecting the entry (bits 16-12), W for
selecting the way (bits 9-8: 00 is way 0, 01 is way 1, 10 is way 2, 11 is way 3), and H'F3 to
indicate data array access (bits 31-24). The IX bit in MMUCR indicates whether an EX-OR is
taken of the entry address and ASID.

Both reading and writing use the longword of the data array specified by the entry address an
way number. The access size of the data array is fixed at longword.
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(1) TLB Address Array Access

Read access

31 24 23 17 16 121110987 6 0

Address field [ 11110010 [ %| VPN [x[¥ wlofxo |

31 1716 12111098 7 0

Data field | VPN [0 o|ven[olv]  AsiD |

Write access

31 24 23 1716 12111098 7 6 0

Address field | 11110010 gor s *l VPN |*|*| W |O|* ........... *l

31 1716 12111098 7 0

Data field | VPN % x[vPN[g]v[  AsiD |
VPN: Virtual page number ASID: Address space identifier

V: Valid bit « Don't care bit

W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

(2) TLB Data Array Access

Read/write access

31 24 23 17 16 12111098 7 0
Address field | 11110011 e *l VPN |*|*| W |* .............. *l
31 2928 109 8 7654 3 2 1 0
Data field | 000 | PPN [x|v[x][PR[sz]c|D[sH]X]
PPN: Physical page number V: Valid bit
PR: Protection key field SZ: Page-size bit
C: Cacheable bit D: Dirty bit
SH: Share status bit %: Don’t care bit

VPN: Virtual page number
X: 0 for read, don't care bit for write
W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

Figure 3.14 Specifying Address and Data for Memory-Mapped TLB Access
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3.6.3 Usage Examples

Invalidating Specific Entries: Specific TLB entries can be invalidated by writing 0 to the entry’s
V bit. When the A bitis 1, the VPN and ASID specified by the write data is compared to the VI
and ASID within the TLB entry selected by the entry address and data is written to the matchi
way. If no match is found, there is no operation. RO specifies the write data and R1 specifies t
address.

; RO=H 1547 381C R1=H F201 3000

MWCR | X=0
; VPN(31-17)=B 0001 0101 0100 011 VPN11-10)=B 10 ASID=B 0001 1100
; corresponding entry association is made fromthe entry sel ected by
; the VPN(16-12)=B 1 0011 index, the V bit of the hit way is cleared to
; 0,achieving invalidation.
MOV.L RO, @1

Reading the Data of a Specific EntryThis example reads the data section of a specific TLB
entry. The bit order indicated in the data field in figure 3.14 (2) is read. RO specifies the addre:
and the data section of a selected entry is read to R1.

; R1=H F300 4300 VPN(16-12)=B 00100 Way 3
; MOV.L @0, RL

3.7 Usage Note

Instructions that manipulate the MD or BL bit in register SR (the LDC Rm, SR instruction, LDC
@Rm+, SR instruction, and RTE instruction) and the following instruction, or the LDTLB
instruction, should be used with the TLB disabled or in a fixed physical address space (the P1
P2 space).
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Section 4 Exception Processing

4.1 Overview

41.1 Features

Exception processing is separate from normal program processing, and is performed by a ro
separate from the normal program. In response to an exception processing request due to
abnormal termination of the executing instruction, control is passed to a user-written exceptic
handler. However, in response to an interrupt request, normal program execution continues
the end of the executing instruction. Here, all exceptions other than resets and interrupts wil
called general exceptions. There are thus three types of exceptions: resets, general excepti
interrupts.

41.2 Register Configuration

Table 4.1 lists the registers used for exception processing. A register with an undefined initia
value should be initialized by software.

Table 4.1  Register Configuration

Register Abbr. R/W  Size Initial Value Address

TRAPA exception register TRA R/W  Longword Undefined H'FFFFFFDO

Exception event register EXPEVT R/W Longword H'000/H'020** H'FFFFFFD4

Interrupt event register INTEVT R/W  Longword Undefined H'FFFFFFD8

Interrupt event register 2 INTEVT2 R Longword Undefined H'04000000
(H'A4000000)*>

Notes: 1. H'0000 is set in a power-on reset, and H'020 in a manual reset.

2. When address translation by the MMU does not apply, the address in parentheses
should be used.

4.2 Exception Processing Function

421 Exception Processing Flow

In exception processing, the contents of the program counter (PC) and status register (SR) &
saved in the saved program counter (SPC) and saved status register (SSR), respectively, ar
execution of the exception handler is invoked from a vector address. The return from excepiti
handler (RTE) instruction is issued by the exception handler routine at the completion of the
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routine, restoring the contents of the PC and SR to return to the processor state at the point o
interruption and the address where the exception occurred.

A basic exception processing sequence consists of the following operations:

The contents of the PC and SR are saved in the SPC and SSR, respectively.

The block (BL) bit in SR is set to 1, masking any subsequent exceptions.

The mode (MD) bit in SR is set to 1 to place the SH7709A in the privileged mode.

The register bank (RB) bit in SR is set to 1.

An exception code identifying the exception event is written to bits 11-0 of the exception
event (EXPEVT) or interrupt event (INTEVT and INTEVT2) register.

6. Instruction execution jumps to the designated exception processing vector address to invo
the handler routine.

a s b e

422 Exception Processing Vector Addresses

The reset vector address is fixed at H'AO000000. The other three events are assigned offsets
the vector base address by software. Translation look-aside buffer (TLB) miss exceptions hav
offset from the vector base address of H'00000400. The vector address offset for general exc
events other than TLB miss exceptions is H'00000100. The interrupt vector address offset is
H'00000600. The vector base address is loaded into the vector base register (VBR) by softwa
The vector base address should reside in P1 or P2 fixed physical address space. Figure 4.1 s
the relationship between the vector base address, the vector offset, and the vector table.

»
>

'

VBR + Vector offset ———»

(Vector base address)

H'A000 0000 ———»

Vector address

Figure 4.1 Vector Addresses

In table 4.2, exceptions and their vector addresses are listed by exception type, instruction
completion state, relative acceptance priority, relative order of occurrence within an instructior
execution sequence and vector address for exceptions and their vector addresses.
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Table 4.2

Exception Event Vectors

Exception  Current Exception Vector Vector
Type Instruction Exception Event Priority* 1 Order Address Offset
Reset Aborted Power-on 1 — H'A00000000 —
Manual reset 1 — H'A00000000 —
H-UDI reset 2 — H’A00000000 —
General Aborted CPU Address error 2 1 — H'00000100
exception and retried  (instruction access)
events TLB miss 2 2 — H'00000400
(instruction access)
TLB invalid 2 3 — H'00000100
(instruction access)
TLB protection 2 4 — H'00000100
violation
(instruction access)
Reserved instruction 2 5 — H'00000100
code exception
lllegal slot 2 5 — H'00000100
instruction exception
CPU_Address error 2 6 — H'00000100
(data access)
TLB miss 2 7 — H'00000400
(data access not in
repeat loop)
TLB invalid (data 2 8 — H'00000100
access)
TLB protection 2 9 — H'00000100
violation
(data access)
Initial page write 2 10 — H'00000100
Completed Unconditional trap 2 5 — H'00000100
(TRAPA instruction)
User breakpoint trap 2 n*2 — H'00000100
DMA address error 2 12 — H'00000100
89
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Table 4.2  Exception Event Vectors (cont)

Exception  Current Exception Vector Vector
Type Instruction Exception Event Priority* 1 Order Address Offset
General Completed Nonmaskable 3 — — H'00000600
interrupt interrupt
requests External hardware ~ 4*3 — — H'00000600
interrupt
H-UDI interrupt 4%3 — — H'00000600

Notes: 1. Priorities are indicated from high to low, 1 being highest and 4 being lowest.

2. The user defines the break point traps. 1 is a break point before instruction execution
and 11 is a break point after instruction execution. For an operand break point, use 11.

3. Use software to specify relative priorities of external hardware interrupts and peripheral
module interrupts (see section 9, Interrupt Controller (INTC)).

4.2.3 Acceptance of Exceptions

Processor resets and interrupts are asynchronous events unrelated to the instruction stream.
exception events are prioritized to establish an acceptance order whenever two or more exce
events occur simultaneously. The power-on reset and manual reset may not occur simultanec
so they have the same priority.

All general exception events occur in a relative order in the execution sequence of an instruct
(i.e. execution order), but are handled at priority level 2 in instruction-stream order (i.e. progra
order), where an exception detected in a preceding instruction is accepted prior to an exceptic
detected in a subsequent instruction.

Three general exception events (reserved instruction code exception, unconditional trap, and
illegal slot instruction exception) are detected in the decode stage (ID stage) of different
instructions and are mutually exclusive events in the instruction pipeline. They have the same
execution priority. Figure 4.2 shows the order of general exception acceptance.
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Pipeline Sequence:

Instruction n | IF | o | Ex | MA [ wB |

¢ A TLB miss (data access)
Instruction n + 1 | IF | D | Ex [ MA [ wB |

i A TLB miss (instruction access)
Instruction n + 2 | F [ D [ ex | wmA |ws ]|

RIE (reserved instruction exception)
Detection Order:

TLB miss (instruction n+1)

y

TLB miss (instruction n) and RIE (instruction n + 2) = simultaneous detection
Handling Order: Program Order:

TLB miss (instruction n)

¢ 1

Re-execution of instruction n

y

TLB miss (instruction n + 1)

¢ 2

Re-execution of instruction n + 1

y

RIE (instruction n + 2) 3
IF = Instruction fetch
ID = Instruction decode

EX = Instruction execution
MA = Memory access
WB = Write back

Figure 4.2 Example of Acceptance Order of General Exceptions

All exceptions other than a reset are detected in the pipeline ID stage, and accepted on instr
boundaries. However, an exception is not accepted between a delayed branch instruction ar
delay slot. A re-execution type exception detected in a delay slot is accepted before executic
the delayed branch instruction. A completion type exception detected in a delayed branch

instruction or delay slot is accepted after execution of the delayed branch instruction. The de

HITACHI




slot here refers to the next instruction after a delayed unconditional branch instruction, or the 1
instruction when a delayed conditional branch instruction is true.

4.2.4 Exception Codes

Table 4.3 lists the exception codes written to bits 11-0 of the EXPEVT register for reset or gel
exceptions or the INTEVT and INTEVT2 registers for general interrupt requests to identify eac
specific exception event. An additional exception register, the TRAPA (TRA) register, is used
hold the 8-bit immediate data in an unconditional trap (TRAPA instruction).

Table 4.3  Exception Codes

Exception Type Exception Event Exception Code
Reset Power-on reset H'000
Manual reset H'020
H-UDI reset H'000
General exception events TLB miss/invalid exception (load) H'040
TLB miss/invalid exception (store) H'060
Initial page write exception H'080
TLB protection exception (load) H'0AO0
TLB protection exception (store) H'0CO
CPU Address error (load) H'OEOQ
CPU Address error (store) H'100
Unconditional trap (TRAPA instruction) H'160
Reserved instruction code exception H'180
lllegal slot instruction exception H'1A0
User breakpoint trap H'1EOQ
DMA address error H'600
General interrupt requests Nonmaskable interrupt H'1CO
H-UDI interrupt H'620
External hardware interrupts:
IRL3-IRLO = 0000 H'200
IRL3-IRLO = 0001 H'220
IRL3-IRLO = 0010 H'240
IRL3-IRLO = 0011 H'260
IRL3-IRLO = 0100 H'280
IRL3—-IRLO = 0101 H'2A0
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Table 4.3  Exception Codes (cont)

Exception Type Exception Event Exception Code

General interrupt requests External hardware interrupts (cont):

(cont) IRL3-IRLO = 0110 H'2C0
IRL3-IRLO = 0111 H'2EO0
IRL3-IRLO = 1000 H'300
IRL3-IRLO = 1001 H'320
IRL3-IRLO = 1010 H'340
IRL3-IRLO = 1011 H'360
IRL3-IRLO = 1100 H'380
IRL3-IRLO = 1101 H'3A0
IRL3—-IRLO = 1110 H'3CO

Note: Exception codes H'120, H'140, and H'3EO are reserved.

4.2.5 Exception Request Masks

If a general exception event occurs when the BL bit in SR is 1, the CPU’s internal registers a
to their post-reset state, other module registers retain their contents prior to the general exce
and a branch is made to the same address (H'A0000000) as for a reset.

If a general interrupt occurs when BL1, the request is masked (held pending) and not acceptt
until the BL bit is cleared to 0 by software. For reentrant exception processing, the SPC and
must be saved and the BL bit in SR cleared to O.

4.2.6 Returning from Exception Handling

The RTE instruction is used to return from exception handling. When RTE is executed, the S
value is set in the PC, and the SSR value in SR, and the return from exception processing is
performed by branching to the SPC address.

If the SPC and SSR have been saved in the external memory, set the BL bit in SR to 1, then
restore the SPC and SSR, and issue an RTE instruction.
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4.3 Register Description

There are three registers related to exception handling. These are peripheral module registers
therefore reside in area P4. They can be accessed by specifying the address in the privileged
only.

1. The exception event register (EXPEVT) resides at address H'FFFFFFD4, and contains a 1
exception code. The exception code set in EXPEVT is that for a reset or general exception
event. The exception code is set automatically by hardware when an exception occurs.
EXPEVT can also be modified by software.

2. The interrupt event register (INTEVT) resides at address H'FFFFFFD8, and contains a 12-
interrupt exception code or a code indicating the interrupt priority. Which is set when an
interrupt occurs depends on the interrupt source (see tables 6.4 and 6.5, Interrupt Exceptic
Sources and Priority). The exception code or interrupt priority code is set automatically by
hardware when an exception occurs. INTEVT can also be modified by software.

3. Interrupt event register 2 (INTEVT2) resides at address H'04000000, and contains a 12-bil
exception code. The exception code set in INTEVT2 is that for an interrupt request. The
exception code is set automatically by hardware when an exception occurs.

4. The TRAPA exception register (TRA) resides at address H'FFFFFFDO, and contains 8-bit
immediate data (imm) for the TRAPA instruction. TRA is set automatically by hardware wh
a TRAPA instruction is executed. TRA can also be modified by software.

The bit configurations of the EXPEVT, INTEVT, and TRA registers are shown in figure 4.3.

EXPEVT register, INTEVT and INTEVT2 registers  TRA register
31 11 0 31 9 20
0 0| Exception code | | 0 0 imm |OO|

0: Reserved bits, always read as zero
imm: 8-bit immediate data in TRAPA instruction

Figure 4.3 Bit Configurations of EXPEVT, INTEVT, INTEVTZ2, and TRA Registers
4.4 Exception Handler Operation

4.4.1 Reset

The reset sequence is used to power up or restart the SH7709A from the initialization state. T
RESETP signal andRESETM signal are sampled every clock cycle, and in the case of a power-
reset, all processing being executed (excluding the RTC) is suspended, all unfinished events
canceled, and reset processing is executed immediately. In the case of a manual reset, howe
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processing to retain external memory contents is continued. The reset sequence consists of
following operations:

A wbdpE

The MD bit in SR is set to 1 to place the SH7709A in privileged mode.
The BL bit in SR is set to 1, masking any subsequent exceptions.
The RB bitin SR is set to 1.

An encoded value of H'000 in a power-on reset or H'020 in a manual reset is written to bi
0 of the EXPEVT register to identify the exception event.

Instruction execution jumps to the user-written exception handler at address H'A0000000

4.4.2 Interrupts

An interrupt processing request is accepted on completion of the current instruction. The inte
acceptance sequence consists of the following operations:

o s wbdPE

The contents of the PC and SR are saved in SPC and SSR, respectively.

The BL bit in SR is set to 1, masking any subsequent exceptions.

The MD bit in SR is set to 1 to place the SH7709A in privileged mode.

The RB bitin SR is set to 1.

An encoded value identifying the exception event is written to bits 11-0 of the INTEVT an
INTEVT2 registers.

Instruction execution jumps to the vector location designated by the sum of the value of ti
contents of the vector base register (VBR) and H'00000600 to invoke the exception handl

4.4.3 General Exceptions

When the SH7709A encounters any exception condition other than a reset or interrupt reque
executes the following operations:

a s wbd e

The contents of the PC and SR are saved in the SPC and SSR, respectively.
The BL bit in SR is set to 1, masking any subsequent exceptions.

The MD bit in SR is set to 1 to place the SH7709A in privileged mode.

The RB bitin SR is set to 1.

An encoded value identifying the exception event is written to bits 11-0 of the EXPEVT
register.

Instruction execution jumps to the vector location designated by either the sum of the vec
base address and offset H'00000400 in the vector table in a TLB miss trap, or by the sum
vector base address and offset H'00000100 for exceptions other than TLB miss traps, to |
the exception handler.
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4.5

Individual Exception Operations

This section describes the conditions for specific exception processing, and the processor
operations.

4.5.1

96

Resets

Power-On Reset
0 Conditions:RESETP low
O Operations: EXPEVT set to H'000, VBR and SR initialized, branch te H@0000000.

Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are se
1 and the interrupt mask bits (I3 to 10) are set to 1111. The CPU and on-chip supporting
modules are initialized. See the register descriptions in the relevant sections for details.
power-on reset must always be performed when powering on.

A low level is output from th®ESETOUT pin, and a high level is output from the
STATUSO and STATUSL pins.

Manual Reset

U
g

ConditionsRESETM low

Operations: EXPEVT set to H'020, VBR and SR initialized, branch te HG0000000.

Initialization sets the VBR register to H'0000000. In SR, the MD, RB, and BL bits are se
to 1 and the interrupt mask bits (I3 to 10) are setto 1111. The CPU and on-chip suppor
modules are initialized. See the register descriptions in the relevant sections for details

A low level is output from th®ESETOUT pin, and a high level is output from the
STATUSO and STATUSL1 pins.

H-UDI Reset
0 Conditions: H-UDI reset command input (see section 25.4.3, H-UDI Reset)
0 Operations: EXPEVT set to H'000, VBR and SR initialized, branch te H@0000000.

Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are se
1 and the interrupt mask bits (I3 to 10) are setto 1111. The CPU and on-chip supportin
modules are initialized. See the register descriptions in the relevant sections for details
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Table 4.4  Types of Reset

Internal State

Conditions for Transition

Type to Reset State CPU On-Chip Supporting Modules
Power-on RESETP = Low Initialized (See register configuration in
reset relevant sections)

Manual RESETM = Low Initialized

reset

H-UDI H-UDI reset command input Initialized

reset

4.5.2 General Exceptions

¢ TLB miss exception

d
U

Conditions: Comparison of TLB addresses shows no address match

Operations: The virtual address (32 bits) that caused the exception is set in TEA and t
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTE
indicates the ASID at the time the exception occurred. The RC bit in MMUCR is
incremented by one for replacement.

The PC and SR of the instruction that generated the exception are saved to the SPC and
respectively. If the exception occurred during a read, H'040 is set in EXPEVT; if the excey
occurred during a write, H'060 is set in EXPEVT. The BL, MD and RB bits in SR are set t
and a branch occurs to PC = VBR + H'0400.

To speed up TLB miss processing, the offset differs from other exceptions.

g
U

TLB invalid exception

Conditions: Comparison of TLB addresses shows address match but vV = 0.

Operations: The virtual address (32 bits) that caused the exception is set in TEA and t
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTE
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bits in MMUCR.

The PC and SR of the instruction that generated the exception are saved in the SPC and
respectively. If the exception occurred during a read, H'040 is set in EXPEVT; if the excey
occurred during a write, H'060 is set in EXPEVT. The BL, MD, and RB bits in SR are set t
and a branch occurs to RG/BR + H'0100.
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Initial page write exception

0 Conditions: A hit occurred to the TLB for a store access, batOD
This occurs for initial writes to the page registered by the load.

0 Operations: The virtual address (32 bits) that caused the exception is set in TEA and th
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEF
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bit in MMUCR.

The PC and SR of the instruction that generated the exception are saved to the SPC and ¢

respectively. H'080 is set in EXPEVT. The BL, MD, and RB bits in SR are setto 1 and a

branch occurs in PEVBR + H'0100.

TLB protection exception
0 Conditions: When a hit access violates the TLB protection information (PR bits) shown
below:

PR Privileged mode User mode

00 Only read enabled No access

01 Read/write enabled No access

10 Only read enabled Only read enabled
11 Read/write enabled Read/write enabled

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and th
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEF
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bits in MMUCR.

The PC and SR of the instruction that generated the exception are saved to the SPC and ¢
respectively. If the exception occurred during a read, H'OAQ is set in EXPEVT; if the excep
occurred during a write, H'0OCO is set in EXPEVT. The BL, MD, and RB bits in SR are set tc
and a branch occurs to RG/BR + H'0100.

Address error

O Conditions:

a. Instruction fetch from odd address (4n + 1, 4n + 3)

b. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)

c. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
4n + 3)

d. Virtual space accessed in user mode in the area H'80000000 to H'FFFFFFFF.
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Operations: The virtual address (32 bits) that caused the exception is set in TEA. The
and SR of the instruction that generated the exception are saved to the SPC and SSR
respectively. If the exception occurred during a read, H'OEOQ is set in EXPEVT; if the
exception occurred during a write, H'100 is set in EXPEVT. The BL, MD, and RB bits i
SR are set to 1 and a branch occurs te=RGBR + H'0100.

Unconditional trap

U
g

Conditions: TRAPA instruction executed

Operations: The exception is a processing-completion type, so the PC of the instructio
after the TRAPA instruction is saved to the SPC. SR from the time when the TRAPA
instruction was executing is saved to SSR. The 8-bit immediate value in the TRAPA
instruction is quadrupled and set in TRA (9-0). H'160 is set in EXPEVT. The BL, MD,
RB bits in SR are set to 1 and a branch occurs to PC = VBR + H'0100.

Reserved instruction exception

O

a.

Conditions:

When undefined code not in a delay slot is decoded

Delay branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/
When a privileged instruction not in a delay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access GBF
with LDC/STC are not privileged instructions.

Operations: The PC and SR of the instruction that generated the exception are saved
SPC and SSR, respectively. H'180 is set in EXPEVT. The BL, MD, and RB bits in SR
setto 1 and a branch occurs to PC = VBR + H'0100. When an undefined instruction o
than H'Fxxx is decoded, operation cannot be guaranteed.

lllegal slot instruction exception

O

a.

Conditions:

When undefined code in a delay slot is decoded

Delay branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/
When an instruction that rewrites the PC in a delay slot is decoded

Instructions that rewrite the PC: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT,
BT/S, BF/S, TRAPA, LDC Rm, SR, LDC.L @Rm+, SR

When a privileged instruction in a delay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access GBF
with LDC/STC are not privileged instructions.

Operations: The PC of the previous delay branch instruction is saved to the SPC. SR
instruction that generated the exception is saved to SSR. H'1AQ is set in EXPEVT. Th
MD, and RB bits in SR are set to 1 and a branch occurs to\WBR + H'0100. When an
undefined instruction other than H'Fxxx is decoded, operation cannot be guaranteed.

99
HITACHI



» User break point trap

0 Conditions: When a break condition set in the user break point controller is satisfied

0 Operations: When a post-execution break occurs, the PC of the instruction immediately
after the instruction that set the break point is set in the SPC. If a pre-execution break
occurs, the PC of the instruction that set the break point is set in the SPC. SR when the
break occurs is setin SSR. H'1EQ is set in EXPEVT. The BL, MD, and RB bits in SR ar
setto 1 and a branch occurs to PEBR + H'0100. See section 10, User Break Controller
for more information.

» DMA Address error

0 Conditions:

a. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)

b. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
4n + 3)

0 Operations: The PC of the instruction immediately after the instruction executed before
exception occurs is saved to the SPC. SR when the exception occurs is saved to SSR.
H'5CO0 is set in EXPEVT. The BL, MD, and RB bits in SR are set to 1 and a branch occi
to PC=VBR + H'0100.

4.5.3 Interrupts

1. NMI
Conditions: NMI pin edge detection

Operations: The PC and SR after the instruction that receives the interrupt are saved to the
and SSR, respectively. H'01CO is set to INTEVT and INTEVT2. The BL, MD, and RB bits ¢
the SR are set to 1 and a branch occurs to PC = VBR + H'0600. This interrupt is not maske
SR.IMASK and received with top priority when the SR’s BL bit in SR is 0. When the BL bit
1, the interrupt is masked. When BLMSK in ICRI is a logic zero and not masked when
BLMSK in ICRI is a logic one. See section 6, Interrupt Controller (INTC), for more
information.

2. IRL Interrupts

Conditions: The value of the interrupt mask bits in SR is lower than the IRL3—-IRLO level an
the BL bit in SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. SR
the time the interrupt is accepted is saved to SSR. The code corresponding to the
IRL3—IRLO level is set in INTEVT and INTEVT2. The corresponding code is given as H'20(
+ B' (IRL3-IRL0O)x H'20. The BL, MD, and RB bits in SR are set to 1 and a branch occurs t
VBR + H'0600. The received level is not set in the interrupt mask bit of SR. See section 6,
Interrupt Controller (INTC), for more information.
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3. IRQ Pin Interrupts

Conditions: IRQ pin is asserted and the interrupt mask bit of SR is lower than the IRQ pric
level and the BL bit in SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. Tl
at the point the interrupt is accepted is saved to the SSR. The code corresponding to the
interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR are
to 1 and a branch occurs to VBR + H'0600. The received level is not set to the interrupt rr
bit of SR. See section 6, Interrupt Controller (INTC), for more information.

4. PINT Pin Interrupts

Conditions: The PINT pin is asserted and the interrupt mask bit of SR is lower than the PI
priority level and the BL bit in SR is 0. The interrupt is accepted at an instruction boundan

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. Tl
at the point the interrupt is accepted is saved to the SSR. The code corresponding to the
interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR are
to 1 and a branch occurs to VBR + H'0600. The received level is not set to the interrupt rr
bit of SR. See section 6, Interrupt Controller (INTC), for more information.

5. On-Chip Module Interrupts
Conditions: The interrupt mask bit of SR is lower than the on-chip module (TMU, RTC, S(
SCI1, SCI2, A/D, LCDC, PCC, DMAC, CPG, REF) interrupt level and the BL bit in SR is (
The interrupt is accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. Tl
at the point the interrupt is accepted is saved to the SSR. The code corresponding to the
interrupt source is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the SR are s
to 1 and a branch occurs to VBR + H'0600. See section 6, Interrupt Controller (INTC), for
more information.

6. H-UDI Interrupt
Conditions: H-UDI interrupt command is input (see section 22.4.4, H-UDI Interrupt) and tf
interrupt mask bit of SR is lower than 15 and the BL bit in SR is 0. The interrupt is accept
an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. Tl
at the point the interrupt is accepted is saved to the SSR. H'5EOQ is set to INTEVT and
INTEVT2. The BL, MD, and RB bits of the SR are set to 1 and a branch occurs to VBR +
H'0600. See section 6, Interrupt Controller (INTC), for more information.
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4.6

102

Cautions

Return from exception processing
0 Check the BL bit in SR with software. When the SPC and SSR have been saved to exte

O

memory, set the BL bit in SR to 1 before restoring them.

Issue an RTE instruction. Set the SPC in the PC and SSR in SR with the RTE instructic
branch to the SPC address, and return from exception processing.

Operation when exception or interrupt occurs while SR=BL

g

Interrupt: Acceptance is suppressed until the BL bit in SR is set to 0 by software. If ther
a request and the reception conditions are satisfied, the interrupt is accepted after the
execution of the instruction that sets the BL bit in SR to 0. During the sleep or standby
mode, however, the interrupt will be accepted even when the BL bit in SR is 1.

NMI is accepted when BLMSK in ICR1 is 1.

Exception: No user break point trap will occur even when the break conditions are met.
When one of the other exceptions occurs, a branch is made to the fixed address of the
(H'A0000000). In this case, the values of the EXPEVT, SPC, and SSR registers are
undefined.

Differently from general reset processing, no signal is output RERETOUT,
STATUSO, and STATUSL.

SPC when an Exception Occurs: The PC saved to the SPC when an exception occurs is a
shown below:

O

Re-executing-type exceptions: The PC of the instruction that caused the exception is se
the SPC and re-executed after return from exception processing. If the exception occur
in a delay slot, however, the PC of the immediately prior delayed branch instruction is s
in the SPC. If the condition of the conditional delayed branch instruction is not satisfied
the delay slot PC is set in SPC.

Completed-type exceptions and interrupts: The PC of the instruction after the one that
caused the exception is set in the SPC. If the exception was caused by a delayed
conditional instruction, however, the branch destination PC is set in SPC. If the conditic
of the conditional delayed branch instruction is not satisfied, the delay slot PC is set in
SPC.

Initial register values after reset

O

O

Undefined registers
RO_BANKO/1-R7_BANKO/1, R8-R15, GBR, SPC, SSR, MACH, MACL, PR
Initialized registers
VBR = H'00000000

SR.MD =1, SR.BL =1, SR.RB =1, SR.I3-SR.10 = H'F. Other SR bits are undefined.
PC = H'A0000000
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e Ensure that an exception is not generated at an RTE instruction delay slot, as operation i
guaranteed in this case.

e When the BL bit in the SRL register is set to 1, ensure that a TLB-related exception or ad
error does not occur at an LDC instruction that updates the SR register and the following
instruction. This occurrence will be identified as multiple exceptions, and may initiate rest

processing.
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Section 5 Cache

51 Overview

51.1 Features

The cache specifications are listed in table 5.1.

Table 5.1 Cache Specifications

Parameter Specification

Capacity 16 kbytes

Structure Instruction/data mixed, 4-way set associative
Locking Way 2 and way 3 are lockable

Line size 16 bytes

Number of entries 256 entries/way

Write system PO, P1, P3, UO: Write-back/write-through selectable
Replacement method Least-recently-used (LRU) algorithm

5.1.2 Cache Structure

The cache mixes data and instructions and uses a 4-way set associative system. It is compc
four ways (banks), each of which is divided into an address section and a data section. Each
address and data sections is divided into 256 entries. The data section of the entry is called
Each line consists of 16 bytes (4 byte4). The data capacity per way is 4 kbytes (16 byt2s6
entries), with a total of 16 kbytes in the cache as a whole (4 ways). Figure 5.1 shows the cac
structure.
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Address array (ways 0-3) Data array (ways 0-3) LRU
1 . I 1 . I
Entry 0| v | U [Tag address, O two | twi | Lw2 | Lw3 0
Entry 1 1 1
Entry 255 | 255 | 255
24 (1 + 1 + 22) bits 128 (32 x 4) hits 6 bits
- - -
LWO-LW3: Longword data 0-3

Figure 5.1 Cache Structure

Address Array: The V bit indicates whether the entry data is valid. When the V bit is 1, data is
valid; when 0, data is not valid. The U bit indicates whether the entry has been written to in wr
back mode. When the U bit is 1, the entry has been written to; when 0, it has not. The addres:
holds the physical address used in the external memory access. It is composed of 22 bits (ad
bits 31-10) used for comparison during cache searches.

In the SH7709A, the top three of 32 physical address bits are used as shadow bits (see sectic
Bus State Controller (BSC)), and therefore in a normal replace operation the top three bits of 1
tag address are cleared to 0.

The V and U bits are initialized to 0 by a power-on reset, but are not initialized by a manual re
The tag address is not initialized by either a power-on or manual reset.

Data Array: Holds a 16-byte instruction or data. Entries are registered in the cache in line unit
(16 bytes). The data array is not initialized by a power-on or manual reset.

LRU: With the 4-way set associative system, up to four instructions or data with the same ent
address (address bits 11-4) can be registered in the cache. When an entry is registered, the |
shows which of the four ways it is recorded in. There are six LRU bits, controlled by hardware
least-recently-used (LRU) algorithm is used to select the way.

In normal operation, four ways are used as cache and six LRU bits indicate the way to be repl
(table 5.2). If a bit pattern other than those listed in table 5.2 is set in the LRU bits by software
cache will not function correctly. When modifying the LRU bits by software, set one of the
patterns listed in table 5.2.

The LRU bits are initialized to 0 by a power-on reset, but are not initialized by a manual reset.
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Table 5.2 LRU and Way Replacement

LRU (5-0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 0111112 1
111000, 111001, 111011, 111100, 111110, 111111 0

5.1.3 Register Configuration
Table 5.3 shows details of the cache control register.

Table 5.3  Register Configuration

Register Abbr. R/W  Size Initial Value  Address
Cache control register CCR R/W  Longword H'00000000 H'FFFFFFEC
Cache control register2 ~ CCR2 w Longword H'00000000 H'040000B0
(H’A40000B0)*
Note: * When address translation by the MMU does not apply, the address in parentheses should
be used.

5.2 Register Description

5.2.1 Cache Control Register (CCR)

The cache is enabled or disabled using the CE bit of the cache control register (CCR). CCR
has a CF bit (which invalidates all cache entries), and a WT and CB bits (which select either
through mode or write-back mode). Programs that change the contents of the CCR register ¢
be placed in address space that is hot cached. When updating the contents of the CCR regis
always set bits 4 to 0. Figure 5.2 shows the configuration of the CCR register.
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31 6 5 4 3 2 1 0
— o o o o o o o —Jolocrlcslwr]cE]

Bit 5, 4: Always set to 0 when setting the register.

CF: Cache flush bit. Writing 1 flushes all cache entries (clears the V, U, and LRU bits of all
cache entries to 0). Always reads 0. Write-back to external memory is not performed when
the cache is flushed.

CB: Cache write-back bit. Indicates the cache’s operating mode for area P1.
1 = write-back mode, 0 = write-through mode.

WT: Write-through bit. Indicates the cache’s operating mode for area PO, UO and P3.
1 = write-through mode, 0 = write-back mode.

CE: Cache enable bit. Indicates whether the cache function is used.
1 = cache used, 0 = cache not used.

Figure 5.2 CCR Register Configuration

5.2.2 Cache Control Register 2 (CCR2)

CCR2 register is used to enable or disable cache locking mechanism during DSP mode (CPL
status register bit 12) only. Executing a prefetch instruction (PREF) during DSP mode will bri
in one line size of data pointed by Rn to cache, according to the setting of CCR2 [9:8] (W3LO.
W3LOCK) and [1:0] (W2LOAD, W2LOCK):

When CCR2[9:8]=11, during DSP mode PREF @Rn will bring the data into way 3. When
CCRZ2[9:8]=00, 01 or 10 during DSP mode, or any setting during non-DSP mode, PREF @Rn
place the data into the way pointed by LRU.

When CCR2[1:0]=11, during DSP mode PREF @Rn will bring the data into way 2. When
CCR2[1:0]=00, 01 or 10 during DSP mode, or any setting during non-DSP mode, PREF @Rn
place the data into the way pointed by LRU.

CCR2 must be set before cache is enabled (CCR.CE = 1).
When a PREF instruction is issued and there is a cache hit, the operation is treated as NOP.
Figure 5.3 shows the configuration of the CCR2 register.

CCR2 is a write-only register; if read, an undefined value will be returned.
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31 9 8 7 2 1 0
W3 | W3 w2 | W2

LOAD|LOCK LOADI|LOCK|

W2LOCK: Way 2 lock bit. W2LOAD: Way 2 load bit.

When W2LOCK =1 & W2LOAD = 1 & DSP = 1, the prefetched data will always be loaded
into Way?2. In all other conditions the prefetched data will be loaded into the way pointed by
LRU.

W3LOCK: Way 3 lock bit. W3LOAD: Way 3 load bit.

When W3LOCK =1 & W3LOAD =1 & DSP = 1, the prefetched data will always be loaded
into Way3. In all other conditions the prefetched data will be loaded into the way pointed by
LRU.

Note: W2LOAD and W3LOAD should not be set to high at the same time.

Figure 5.3 CCR2 Register Configuration

Whenever CCR2 bit 8 (W3LOCK) or bit 0 (W2LOCK) is high the cache is locked. The lockec
data will not be overwritten unless W3LOCK bit and W2LOCK bit are reset or the PREF
condition during DSP mode matched. During cache locking mode, the LRU in table 5.2 will |
replaced by tables 5.4 to 5.6.

Table 5.4 LRU and Way Replacement (when W2LOCK=1)

LRU (5-0) Way to be Replaced
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3
000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1
101001, 101011, 111000, 111001, 111011, 111100, 111110, 111112 0

Table 5.5 LRU and Way Replacement (when W3LOCK=1)

LRU (5-0) Way to be Replaced
000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2

000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1

110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table 5.6 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=1)

LRU (5-0) Way to be Replaced

000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1
010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0
111011, 111100, 111110, 111111

5.3 Cache Operation

53.1 Searching the Cache

If the cache is enabled, whenever instructions or data in memory are accessed the cache will
searched to see if the desired instruction or data is in the cache. Figure 5.4 illustrates the met
by which the cache is searched. The cache is a physical cache and holds physical addresses
address section.

Entries are selected using bits 11-4 of the address (virtual) of the access to memory and the
address tag of that entry is read. In parallel to reading of the address tag, the virtual address i
translated to a physical address in the MMU. The physical address after translation and the
physical address read from the address section are compared. The address comparison uses
ways. When the comparison shows a match and the selected entry is valid (V = 1), a cache hi
occurs. When the comparison does not show a match or the selected entry is not valid (V = 0
cache miss occurs. Figure 5.4 shows a hit on way 1.
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Virtual address

31

12 11 4 3210

P ——

Entry selection

MMU

| Longword (LW) selection

Ways 0-3 Ways 0-3
1
I — .
0 | V| U|Tag address LWO0 Lwi Lw2 LW3
1
255 N _
Physical address ; v ; * L

CMPO|CMP1{CMP2|CMP3

l

Hit signal 1

CMPO: Comparison circuit 0
CMP1: Comparison circuit 1
CMP2: Comparison circuit 2
CMP3: Comparison circuit 3

Figure 5.4 Cache Search Scheme (Normal Mode)
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5.3.2 Read Access

Read Hit: In a read access, instructions and data are transferred from the cache to the CPU. -
transfer unit is 32 bits. The LRU is updated.

Read Miss: An external bus cycle starts and the entry is updated. The way replaced is the one
least recently used. Entries are updated in 16-byte units. When the desired instruction or data
caused the miss is loaded from external memory to the cache, the instruction or data is transf
to the CPU in parallel with being loaded to the cache. When it is loaded in the cache, the U bi
cleared to 0 and the V bit is set to 1. When the U bit of a replaced entry in write-back mode is
the cache fill cycle starts after the entry is transferred to the write-back buffer. After the cache
completes its fill cycle, the write-back buffer writes back the entry to the memory. The write-be
unit is 16 bytes.

5.3.3 Write Access

Write Hit: In a write access in the write-back mode, the data is written to the cache and the U
of the entry written is set to 1. Writing occurs only to the cache; no external memory write cycl
issued. In the write-through mode, the data is written to the cache and an external memory wi
cycle is issued.

Write Miss: In the write-back mode, an external write cycle starts when a write miss occurs, a
the entry is updated. The way to be replaced is the one least recently used. When the U bit of
entry to be replaced is 1, the cache fill cycle starts after the entry is transferred to the write-ba
buffer. The write-back unit is 16 bytes. Data is written to the cache and the U bit is set to 1. Af
the cache completes its fill cycle, the write-back buffer writes back the entry to the memory. In
write-through mode, no write to cache occurs in a write miss; the write is only to the external
memory.

5.34 Write-Back Buffer

When the U bit of the entry to be replaced in the write-back mode is 1, it must be written back
the external memory. To increase performance, the entry to be replaced is first transferred to
write-back buffer and fetching of new entries to the cache takes priority over writing back to th
external memory. During the write back cycles, the cache can be accessed. The write-back b
can hold one line of the cache data (16 bytes) and its physical address. Figure 5.5 shows the
configuration of the write-back buffer.
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PA (31-4)|Longword O |Longword 1 | Longword 2 | Longword 3

PA (31-4): Physical address written to external memory
Longword 0-3: The line of cache data to be written to
external memory

Figure 5.5 Write-Back Buffer Configuration

5.35 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When mem
shared by this LSI and another device is accessed, the latest data may be in a write-back mc
cache, so invalidate the entry that includes the latest data in the cache, generate a write bac
update the data in memory before using it. When the caching area is updated by a device otl
than the SH7709A, invalidate the entry that includes the updated data in the cache.

5.4 Memory-Mapped Cache

To allow software management of the cache, cache contents can be read and written by me
MOV instructions in the privileged mode. The cache is mapped onto the P4 area in virtual ad
space. The address array is mapped onto addresses H'FO000000 to H'FOFFFFFF, and the c
array onto addresses H'F1000000 to H'F1FFFFFF. Only longword can be used as the acces
for the address array and data array, and instruction fetches cannot be performed.

54.1 Address Array

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address array
32-bit address field (for read/write accesses) and 32-bit data field (for write accesses) must k
specified. The address field specifies information for selecting the entry to be accessed; the
field specifies the address, V bit, U bit, and LRU bits to be written to the address array (figure

@)

In the address field, specify the entry address selecting the entry (bits 11-4), W for selecting
way (bits 12—-11: in normal mode (16-kbyte cache), 00 is way 0, 01 is way 1, 10 is way 2, an
is way 3), and H'FO to indicate address array access (bits 31-24).

When writing, specify bit 3 as the A bit. The A bit indicates whether addresses are comparec
during writing. When the A bit is 1, the addresses of four entries selected by the entry addres
are compared to the addresses to be written into the address array specified in the data field
Writing takes place to the way that has a hit. When a miss occurs, nothing is written to the ac
array and no operation occurs. The way number (W) specified in bits 12—11 is not used. Whe
A bit is 0, it is written to the entry selected with the entry address and way number without
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comparing addresses. The address specified by bits 31-10 in the data specification in figure *
(1), address array access, is a virtual address. When the MMU is enabled, the address is tran
into a physical address, then the physical address is used in comparing addresses when the /
1. The physical address is written into the address array.

When reading, the address tag, V bit, U bit, and LRU bits of the entry specified by the entry
address and way number (W) are read using the data format shown irbfiguithout

comparing addresses. To invalidate a specific entry, specify the entry by its entry address anc
number, and write 0 to its V bit. To invalidate only an entry for an address to be invalidated,
specify 1 for the A bit.

When an entry for which 0 is written to the V bit has a U bit set to 1, it will be written back. Thi
allows coherency to be achieved between the external memory and cache by invalidating the
entry. However, when 0 is written to the V bit, 0 must also be written to the U bit of that entry.

In the SH7709A, the upper 3 bits of the 32-bit physical address are treated as a shadow field
section 11, Bus State Controller (BSC)). Therefore, when a cache miss occurs, 0 is stored in t
upper 3 bits of the address array address tag.

When using an MOV instruction to modify the address array directly, a nonzero value must nc
written to the upper 3 bits of the address tag.

54.2 Data Array

The data array is mapped onto H'F1000000 to H'F1FFFFFF. To access a data array, the 32-b
address field (for read/write accesses) and 32-bit data field (for write accesses) must be speci
The address field specifies information for selecting the entry to be accessed; the data field
specifies the longword data to be written to the data array (figére)).

Specify the entry address for selecting the entry (bits 11-4), L indicating the longword positior
within the (16-byte) line (bits 3-2: 00 is longword 0, 01 is longword 1, 10 is longword 2, and 1’
longword 3), W for selecting the way (bits 12—11: in normal mode, 00 is way 0, 01 is way 1, 1(
way 2, and 11 is way 3), and H'F1 to indicate data array access (bits 31-24).

Both reading and writing use the longword of the data array specified by the entry address, w:
number and longword address. The access size of the data array is fixed at longword.
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1. Address array access

Address specification

Read access

31 24 23 14 13 12 11 3 2 0
[ 1111 0000 PR * W Entry o] * * *
Write access
31 24 23 14 13 12 11 3 2 0
[ 1111 0000 P * W Entry [A | = * *
Data specification
31 30 29 10 9 3 2 1 0
[o]o]o] Address tag (28-10) LRU x X |u] v]
2. Data array access (both read and write accesses)
Address specification
31 24 23 14 13 12 11 3 2 1 0
| 1111 0001 | Keeoriennans * W Entry * *

Data specification
31

| Longword

X: 0 for read, don't care for write
*: Don't care bit

Figure 5.6 Specifying Address and Data for Memory-Mapped Cache Access

HITACHI

115




5.5 Usage Examples

55.1 Invalidating Specific Entries

Specific cache entries can be invalidated by writing O to the entry’s V bit. When the A bitis 1,
address tag specified by the write data is compared to the address tag within the cache selec
the entry address, and data is written when a match is found. If no match is found, there is no
operation. RO specifies the write data in RO and R1 specifies the address. When the V bit of a
entry in the address array is set to 0, the entry is written back if the entry’s U bit is 1.

; RO=H 01100010; VPN=B 0000 0001 0001 0000 0000 00, W=0, V=0
; R1=H F0000088; address array access, entry=B 00001000, A=l

M. L RO, @Rl

5.5.2 Reading the Data of a Specific Entry

This example reads the data section of a specific cache entry. The longword indicated in the ¢
field of the data array in figure 5.6 is read to the register. RO specifies the address and R1 is r

Rl=H F100 004C, data array access, entry=B 00000100, W&y = O,
; longword address = 3

MOV.L @0, RL ; Longword 3 is read.
5.6 Usage Note

5.6.1 Cache Lock Function

When the cache controller’s cache lock function is used, write-back may not be performed
correctly.

When using the cache lock function, write-through mode (bit 2 (CB) =0 and bit 1 (WT) = 1 in ti
cache control register (CCR)), not write-back mode, should be used.
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Section 6 Interrupt Controller (INTC)

6.1 Overview

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interru
requests to the CPU. The INTC has registers for setting the priority of each interrupt, and int
requests are handled according to the priorities set in these registers.

6.1.1 Features
INTC has the following features:

e 16 levels of interrupt priority can be set: By setting the five interrupt-priority registers, the
priorities of on-chip peripheral module, IRQ, and PINT interrupts can be selected from 16
levels for individual request sources.

« NMI noise canceler function: NMI input-level bit indicates NMI pin states. By reading this |
in the interrupt exception service routine, the pin state can be checked, enabling it to be u
a noise canceler.

¢ External devices can be notified that an interrupt has been recENgd((T): When the
SH7709A has released the bus right, the external bus master can be notified that an exte
interrupt, an on-chip peripheral module interrupt or a memory refresh request has occurre
enabling this LSI to request the bus right.
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6.1.2 Block Diagram

Figure 6.1 is a block diagram of the INTC.

- |
IRQOUT :: :
|
_ NME——> .
RL3JRLO ——> > |
IRLS3-IRLS0 —+—~»  "PY i
14 control |
IRQO-IRQ5 —:—64> > |
PINTO-PINT15 —+—*—» :
116 A |
' c | Interrupt
DMAC (Interrupt request) N Ont“ request
(Interrupt request) parator
IrDA > . SR
SCIF (Interrupt request) .| Priority
oy (Interrupt request) “| identifier | m
Interrupt request |
ADC (. pt request) > | CPU
(Interrupt request) |
T™MU > |
c (Interrupt request) | |
RT (Interrupt request) 4 !
V;E'T: (Interrupt request/ q !
I'refresh request) " I
Interrupt r !
H-UDI (I terrupt request) > |
| I'y |
| |
| |
| |
! l
: IPR I
| ICR :
|
! IPRA-IPRE |
|
: L (g
| | 2
I ! —
| ¢ Bus [
: interface o]
| =
= INTC - -
Legend:
TMU:  Timer unit
RTC: Realtime clock unit
SCI:  Serial communication interface
IrDA:  Serial communication interface (with IrDA)
SCIF:  Serial communication interface (with FIFO)
WDT: Watchdog timer
REF: Refresh requests in the bus state controller
ICR: Interrupt control register
IPRA-IPRE: Registers A-E for setting the interrupt proprity levels
SR: Status register
DMAC: Direct memory access controller
ADC: Analog-to-digital converter
H-UDI:  Hitachi user-debugging interface

Figure 6.1

118

HITACHI

INTC Block Diagram




6.1.3 Pin Configuration

Table 6.1 lists the INTC pin configuration.

Table 6.1  Pin Configuration

Name Abbreviation 1/0O  Description
Nonmaskable interrupt input pin NMI I Nonmaskable interrupt request signal
input
Interrupt input pins IRQ5-IRQO0 Interrupt request signal input
IRL3-IRLO (Maskable by interrupt mask bits in
R SR
IRLS3-IRLSO )
Port interrupt input pins PINTO-PINT15 | Port interrupt request signal input
(Maskable by interrupt mask bits in
SR)
Interrupt request output pin IRQOUT O] Output of signal that notifies external

devices that an interrupt source or
memory refresh has occurred
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6.1.4 Register Configuration
The INTC has 12 registers listed in table 6.2.

Table 6.2  Register Configuration

Access
Name Abbr. R/W Initial Value *' Address Size
Interrupt control register 0 ICRO R/IW  *? H'FFFFFEEQO 16
Interrupt control register 1 ICR1 R/W  H'0000 H'04000010 16
(H'A4000010)*?
Interrupt control register 2 ICR2 R/W  H'0000 H'04000012 16
(H'A4000012)**
PINT interrupt enable register PINTER R/W H'0000 H'04000014 16
(H'A4000014)*3
Interrupt priority level setting register A IPRA R/W  H'0000 H'FFFFFEE2 16
Interrupt priority level setting register B IPRB R/W  H'0000 H'FFFFFEE4 16
Interrupt priority level setting register C IPRC R/W  H'0000 H'04000016 16
(H'A4000016)*°
Interrupt priority level setting register D IPRD R/W  H'0000 H'04000018 16
(H'A4000018)**
Interrupt priority level setting register E  IPRE R/W  H'0000 H'0400001A 16
(H'A400001A)*®
Interrupt request register 0 IRRO R/W H'00 H'04000004 8
(H'A4000004)**
Interrupt request register 1 IRR1 R H'00 H'04000006 8
(H'A4000006)**
Interrupt request register 2 IRR2 R H'00 H'04000008 8
(H'A4000008)**

Notes: The registers that have addresses that start with H'04 are located to area 1 of the physical

space. When the cache is enabled, either access these registers from the P2 area in the
virtual space, or make appropriate settings by the MMU so that these registers are not

cached.
1. Initialized by a power-on or manual reset.

2. H'8000 when the NMI pin is at high level. H'0000 when the NMI pin is at low level.
3. When address translation by the MMU does not apply, the address in parentheses

should be used.
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6.2 Interrupt Sources

There are five types of interrupt sources: NMI, IRQ, IRL, PINT, and on-chip peripheral modul
The priority of each interrupt is indicated by a priority level value (16-0), with level 16 as the
highest and level 1 as the lowest. When level 0 is set, the interrupt is masked and interrupt

requests are ignored.

6.2.1 NMI Interrupts

The NMI interrupt has the highest priority level of 16. When the BLMSK bit of the interrupt
control register (ICR1) is 1 or the BL bit of the status register (SR) is 0, NMI interrupts are
accepted when the MAI bit of the ICR1 register is 0. NMI interrupts are edge-detected. In sle
standby mode, the interrupt is accepted regardless of the BL. The NMI edge select bit (NMIE
the interrupt control register O (ICRO) is used to select either the rising or falling edge. When
NMIE bit of the ICRO register is changed, the NMI interrupt is not detected for 20 cycles after
changing the ICRO.NMIE to avoid a false detection of the NMI interrupt. NMI interrupt except
processing does not affect the interrupt mask level bits (I13—10) in the status register (SR).

When the BL bit is 1 and the BLMSK bit of the ICR1 register is set to 1, only NMI interrupts a
accepted and the SPC register and SSR register are updated by the NMI interrupt handler, n
it impossible to return to the original processing from exception processing initiated prior to tt
NMI. Use should therefore be restricted to cases where return is not necessary.

It is possible to wake the chip up from the standby state with an NMI interrupt (except when 1
MAI bit of the ICRL1 register is set to 1).

6.2.2 IRQ Interrupt

IRQ interrupts are input by priority from pins IRQO-IRQ5 with a level or an edge. The priority
level can be set by priority setting registers C-D (IPRC—IPRD) in a range from levels 0-15.

When using edge-sensing for IRQ interrupts, clear the interrupt source by having software re
from the corresponding bit in IRRO, then write O to the bit.

When the ICR1 register is rewritten, IRQ interrupts may be mistakenly detected, depending ¢
pin states. To prevent this, rewrite the register while interrupts are masked, then release the
after clearing the illegal interrupt by writing 0 to interrupt request register 0 (IRRO).

It is necessary for an edge input interrupt detection to input a pulse width more than two-cycl
width by P clock basis.

The interrupt mask bits (13—10) of the status register (SR) are not affected by IRQ interrupt
processing.

121
HITACHI



Interrupts IRQ4—-IRQO can wake the chip up from the standby state when the relevant interrup
level is higher than I3—10 in the SR register (but only when the RTC 32-kHz oscillator is used).

6.2.3 IRL Interrupts

IRL interrupts are input by level at pilRL3—IRLO0 andIRLS3-IRLS0. IRLS3-IRLSO0 is enabled
when IRQLVL bit and IRLSEN bit in interrupt control register 1 (ICR1) are both 1. The priority
level is the higher of those indicated by piR&3-IRL0 andIRLS3—IRLS0. An IRL3-
IRLO/IRLS3-IRLSO value of 0 (0000) indicates the highest-level interrupt request (interrupt
priority level 15). A value of 15 (1111) indicates no interrupt request (interrupt priority level 0).
Figure 6.2 shows an examples of an IRL interrupt connection. Table 6.3 BUARLS pins and
interrupt levels.

SH7709A
—_——— ]
_
Interrupt —>S Priority = IRL3 to IRLO
request ———2 ! encoder S
» IRL3 to IRLO
—_— P
o 4 S —
—_—
Interrupt ¢ Priority /| IRLS3 to IRLSO
request ————— ! encoder S
I IRLS3 to IRLSO

Figure 6.2 Example of IRL Interrupt Connection
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Table 6.3

IRL3-IRLO/IRLS3-IRLS0 Pins and Interrupt Levels

IRL3/ IRL2/ IRL1/ IRLO/

IRLS3 IRLS2 IRLS1 IRLSO Interrupt Priority Level Interrupt Request

0 0 0 0 15 Level 15 interrupt request
0 0 0 1 14 Level 14 interrupt request
0 0 1 0 13 Level 13 interrupt request
0 0 1 1 12 Level 12 interrupt request
0 1 0 0 11 Level 11 interrupt request
0 1 0 1 10 Level 10 interrupt request
0 1 1 0 9 Level 9 interrupt request
0 1 1 1 8 Level 8 interrupt request
1 0 0 0 7 Level 7 interrupt request
1 0 0 1 6 Level 6 interrupt request
1 0 1 0 5 Level 5 interrupt request
1 0 1 1 4 Level 4 interrupt request
1 1 0 0 3 Level 3 interrupt request
1 1 0 1 2 Level 2 interrupt request
1 1 1 0 1 Level 1 interrupt request
1 1 1 1 0 No interrupt request

A noise-cancellation feature is built in, and the IRL interrupt is not detected unless the levels
sampled at every supporting module cycle remain unchanged for two consecutive cycles, so
no transient level on thRL/IRLS pin change is detected. In the standby mode, as the periphe
clock is stopped, noise cancellation is performed using the 32-kHz clock for the RTC instead
Therefore when the RTC is not used, interruption by means of IRL interrupts cannot be perfc
in standby mode.

The priority level of the IRL interrupt must not be lowered unless the interrupt is accepted an

interrupt processing starts. However, the priority level can be changed to a higher one.

The interrupt mask bits (13—-10) in the status register (SR) are not affeci®LARLS interrupt
processing.

HITACHI
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6.2.4 PINT Interrupt

PINT interrupts are input by priority from pins PINTO-PINT15 with a level. The priority level ca
be set by priority setting registers D (IPRD) in a range from levels 0-15, in the unit of PINTO-
PINT7 or PINT8—PINT15.

The PINT interrupt level should be held until the interrupt is accepted and interrupt handling is
started.

The interrupt mask bits (13—10) of the status register (SR) are not affected by PINT interrupt
processing.

PINTO and PINT1 interrupts can wake the chip up from the standby state when the relevant
interrupt level is higher than 13—10 in the SR register (but only when the RTC 32-kHz oscillator
used).

6.2.5 On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are generated by the following nine modules:

e Timer unit (TMU)

* Realtime clock (RTC)

» Serial communication interface (SCI, IrDA, SCIF)
» Bus state controller (BSC)

» Watchdog timer (WDT)

» Direct memory access controller (DMAC)

» A/D converter (ADC)

» User-debugging interface (H-UDI)

Not every interrupt source is assigned a different interrupt vector, but sources are reflected in
interrupt event registers (INTEVT and INTEVT2), so it is easy to identify sources by branching
with the INTEVT or INTEVT?2 register value as an offset.

The priority level (from 0—-15) can be set for each module except for H-UDI by writing to the
interrupt priority setting registers A, B and E (IPRA, IPRB and IPRE). The priority level of H-
UDI interrupt is 15 (fixed).

The interrupt mask bits (13—10) of the status register are not affected by the on-chip peripheral
module interrupt processing.

TMU and RTC interrupts can restore the chip from the standby state when the relevant interru
level is higher than I3—I0 in the SR register (but only when the RTC 32-kHz oscillator is used
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6.2.6 Interrupt Exception Processing and Priority

Tables 6.4 and 6.5 lists the codes for the interrupt event register (INTEVT and INTEVT2), an
order of interrupt priority. Each interrupt source is assigned unique code. The start address ¢
interrupt service routine is common to each interrupt source. This is why, for instance, the va
INTEVT or INTEVT2 is used as offset at the start of the interrupt service routine and branche
identify the interrupt source.

The order of priority of the on-chip peripheral module, IRQ, and PINT interrupts is set within
priority levels 0—15 at will by using the interrupt priority level set to registers A—E (IPRA-IPRE
The order of priority of the on-chip peripheral module, IRQ, and PINT interrupts is set to zerc
RESET.

When the order of priorities for multiple interrupt sources are set to the same level and such
interrupts are generated at the same time, they are processed according to the default order
in tables 6.4 and 6.5.
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Table 6.4  Interrupt Exception Handling Sources and Priority (IRQ Mode)
Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
NMI H'1CO (H'1CO0) 16 — — High
H-UDI H'5EQ (H'5E0) 15 — — A
IRQ IRQO H'200-3C0* (H'600)  0—15 (0) IPRC (3-0) —

IRQ1 H'200-3C0* (H'620)  0-15 (0) IPRC (7-4) —

IRQ2 H'200-3C0* (H'640) 015 (0) IPRC (11-8) —

IRQ3 H'200-3C0* (H'660) 015 (0) IPRC (15-12) —

IRQ4 H'200-3C0* (H'680)  0-15 (0) IPRD (3-0) —

IRQ5 H'200-3C0* (H'6A0)  0-15 (0) IPRD (7-4) —
PINT  PINTO-7 H'200-3C0* (H'700)  0-15 (0) IPRD (15-12) —

PINT8-15 H'200-3C0* (H'720)  0-15 (0) IPRD (11-8) —
DMAC DEIO H'200-3C0* (H'800)  0-15 (0) IPRE (15-12) High

DEI1 H'200-3CO0* (H'820)

DEI2 H'200-3CO0* (H'840) I

DEI3 H'200-3CO0* (H'860) Low
I'DA  ERI1 H'200-3C0* (H'880)  0—15 (0) IPRE (11-8) High
(SCI1)  rxi1 H'200-3C0* (H'8A0) I

BRI1 H'200-3CO0* (H'8CO0)

TXI1 H'200-3CO0* (H'8E0) Low
SCIF  ERI2 H'200-3C0* (H'900)  0-15 (0) IPRE (7-4)  High
(SC12)  Rrxi2 H'200—3C0* (H'920)

BRI2 H'200-3CO0* (H'940) I

TXI2 H'200-3CO0* (H'960) Low
ADC  ADI H'200-3C0* (H'980)  0-15 (0) IPRE (3-0) —
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMU1 TUNI1 H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2 TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4)  High

TICPI2 H'460 (H'460) Low Low
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Table 6.4  Interrupt Exception Handling Sources and Priority (IRQ Mode) (cont)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
RTC ATI H'480 (H'480) 0-15 (0) IPRA (3-0)  High High

PRI H'4A0 (H'4A0) t

CuUl H'4CO0 (H'4CO0) Low
SClI  ERI H'4EO (H'4E0) 0-15 (0) IPRB (7-4)  High
(SCI0) Ry H'500 (H'500)

TXI H'520 (H'520)

TEI H'540 (H'540) Low
WDT Tl H'560 (H'560) 0-15 (0) IPRB (15-12) —
BSC RCMI H'580 (H'580) 0-15 (0) IPRB (11-8) High
(REF) Rovi H'5A0 (H'5A0) Low Low
Note: * The code corresponding to an interrupt level shown in table 6.6 is set.
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Table 6.5

Interrupt Exception Handling Sources and Priority (IRL Mode)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
NMI H'1CO (H'1C0) 16 — — High
H-UDI H'SEQ (H'SEO) 15 — — A
IRL IRL(3:0) * = 0000 H'200 (H'200) 15 — —

IRL(3:0) = 0001 H'220 (H'220) 14 — —

IRL(3:0) * = 0010 H'240 (H'240) 13 — —

IRL(3:0)” = 0011 H'260 (H'260) 12 — —

IRL(3:0) * = 0100 H'280 (H'280) 11 — —

IRL(3:0) * = 0101 H'2A0 (H'2A0) 10 — —

IRL(3:0) * = 0110 H'2CO0 (H'2C0) 9 — —

IRL(3:0)” = 0111 H'2EQ (H'2E0) 8 — —

IRL(3:0) * = 1000 H'300 (H'300) 7 — —

IRL(3:0) * = 1001 H'320 (H'320) 6 — —

IRL(3:0) ? = 1010 H'340 (H'340) 5 — —

IRL(3:0) * = 1011 H'360 (H'360) 4 — —

IRL(3:0) * = 1100 H'380 (H'380) 3 — —

IRL(3:0) ? = 1101 H'3A0 (H'3A0) 2 — —

IRL(3:0) * = 1110 H'3CO0 (H'3CO0) 1 — —
IRQ IRQ4 H'200-3C0** (H'680) 0-15 (0) IPRD (3-0) —

IRQ5 H'200-3C0** (H'6A0) 0-15 (0) IPRD (7-4) —
PINT  PINTO-7 H'200-3C0** (H'700) 0-15 (0) IPRD (15-12) —

PINT8-15 H'200-3C0** (H'720) 0-15 (0) IPRD (11-8) —
DMAC DEIO H'200-3C0** (H'800) 0-15 (0) IPRE (15-12) High

DEI1 H'200-3C0** (H'820)

DEI2 H'200-3C0** (H'840)

DEI3 H'200-3C0** (H'860) Low
IrDA ERI1 H'200-3C0** (H'880) 0-15 (0) IPRE (11-8) High
(SCI)  rxi1 H'200-3C0* (H'8A0)

BRI1 H'200-3C0** (H'8CO0) Y

TXI1 H'200-3C0** (H'8E0) Low Low
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Table 6.5

Interrupt Exception Handling Sources and Priority (IRL Mode) (cont)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
SCIF  ERI2 H'200-3C0** (H'900) 0-15 (0) IPRE (7-4)  High High
(SCI2)  rxi2 H'200—3C0* (H'920) A

BRI2 H'200-3C0** (H'940)

TXI2 H'200-3C0** (H'960) Low
ADC  ADI H'200-3C0** (H'980) 0-15 (0) IPRE (3-0) —
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMUL1 TUNIL H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2 TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4)  High

TICPI2 H'460 (H'460) Low
RTC AT H'480 (H'480) 0-15 (0) IPRA (3-0)  High

PRI H'4A0 (H'4A0)

Cul H'4CO0 (H'4CO0) Low
scl ERI H'4EO (H'4E0) 0-15 (0) IPRB (7-4)  High
(SCI0) Ry H'500 (H'500)

TXI H'520 (H'520)

TEI H'540 (H'540) Low
WDT  ITI H'560 (H'560) 0-15 (0) IPRB (15-12) —
BSC RCMI H'580 (H'580) 0-15 (0) IPRB (11-8) High v
(REF) ROVI H'5A0 (H'5A0) Low Low
Notes: 1. The code corresponding to an interrupt level shown in table 6.6 is set.

2. When IRLS3-IRLSO are enabled, IRL is higher level of IRL3—IRLO and IRLS3-IRLSO.

HITACHI
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Table 6.6

Interrupt Level and INTEVT Code

Interrupt level INTEVT Code
15 H'200
14 H'220
13 H'240
12 H'260
11 H'280
10 H'2A0
9 H'2C0
8 H'2EQ
7 H'300
6 H'320
5 H'340
4 H'360
3 H'380
2 H'3A0
1 H'3C0
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6.3 INTC Registers

6.3.1 Interrupt Priority Registers A to E (IPRA-IPRE)

The interrupt priority level setting registers A to E (IPRA to IPRE) are 16-bit read/write registe
that set priority levels from 0 to 15 for on-chip peripheral module interrupts. These registers ¢
initialized to H'0000 at power-on reset, manual reset, or in hardware standby mode, but is no
initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 6.7 lists the relationship between the interrupt sources and the IPRA and IPRE bits.

Table 6.7  Interrupt Request Sourcesand IPRA-IPRE

Register Bits 15 to 12 Bits 11 to 8 Bits 7 to 4 Bits 3to 0
IPRA TMUO TMU1 TMU2 RTC

IPRB WDT REF SCIO Reserved*
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD PINTO to PINT7 PINT8 to PINT15 IRQ5 IRQ4
IPRE DMAC IrDA SCIF ADC

Note: * Always read as 0. Only 0 should be written in.

As shown in table 6.7, four sets of on-chip peripheral module, IRQ, or PINT interrupts are
assigned to each register. 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3 to 0)
with values from H'0 (0000) to H'F (1111). Setting H'O means priority level 0 (masking is
requested); H'F is priority level 15 (the highest level). A reset initializes IPRA-IPRE to H'000(

H'0 should be set into bits corresponding to an unused interrupt.
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6.3.2 Interrupt Control Register 0 (ICRO)

The interrupt control register 0 (ICRO0) is a 16-bit register that sets the input signal detection m
of the external interrupt input pin NMI and indicates the input signal level to the NMI pin. This
register is initialized to H'0000 at power-on reset or manual reset, but is not initialized in stand
mode.

Bit: 15 14 13 12 11 10 9 8
o | — = ] = = [ = [ = ] NmE
Initial value: 0/1* 0 0 0 0 0 0 0
R/W: R R R R R R R R/W
Bit 7 6 5 4 3 2 1 0
(=TT -T-T-T-T-1-1
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R

Note: * When NMI input is high: 1; when NMI input is low: 0.

Bit 15—NMI Input Level (NMIL): Sets the level of the signal input at the NMI pin. This bit can
be read to determine the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description

0 NMI input level is low

1 NMI input level is high

Bit 8—NMI Edge Select (NMIE): Selects whether the interrupt request signal is detected on th
falling or rising edge of NMI input.

Bit 8: NMIE Description

0 Interrupt request signal is detected on falling edge of NMI input (Initial value)

1 Interrupt request signal is detected on rising edge of NMI input

Bits 14 to 9 and 7 to 0—Reservedthese bits are always read as 0. The write value should
always be 0.
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6.3.3 Interrupt Control Register 1 (ICR1)

The interrupt control register 1 (ICR1) is a 16-bit register that specifies the detection mode tc
external interrupt input pins, IRQO to IRQ5 individually: rising edge, falling edge, or low level.
This register, initialized to H'4000 at power-on reset or manual reset, is not initialized in the
standby mode. Bits 15 and 13 must be cleared. Write 1 to these bits is inhibited.

Bitt 15 14 13 12 11 10 9 8
| MAI | IRQLVL| BLMSK | IRLSEN| IRQ51S | IRQ50S | IRQ41S| IRQ40S |
Initial value: 0 1 0 0 0 0 0 0

R/W: R/W R/W R/W RwW R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ IRQ318‘ IRQ3OS‘ IRQZlS‘ IRQZOS‘ IRQllS‘ IRQlOS‘ IRQOlS‘ IRQOOS‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 15—Mask All Interrupts (MAI): When set to 1masks all interrupt requests when a low
level is being input to the NMI pin. Masks NMI interrupts in standby mode.

Bit 15: MAI Description

0 All interrupt requests are not masked when a low level is being input to the NMI
pin (Initial value)

1 All interrupt requests are masked when a low level is being input to the NMI pin

Bit 14—Interrupt Request Level Detect (IRQLVL): Selects whether the IRQ3—-IRQO pins are
used as four independent interrupt pins or as 15-level interrupt pins encaiég-dRL0.

Bit 14: IRQLVL Description

0 Used as four independent interrupt request pins IRQ3-IRQ0

1 Used as encoded 15-level interrupt pins as IRL3—-IRL0O (Initial value)

Bit 13—BL Bit Mask (BLMSK): Specifies whether NMI interrupts are masked when the BL b
of the SR register is 1.

Bit 13: BLMSK Description

0 NMI interrupts are masked when the BL bit is 1 (Initial value)

1 NMI interrupts are accepted regardless of the BL bit setting
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Bit 12—IRLS Enable (IRLSEN): EnableIRLS3-IRLSO pins. This bit is effective only when
IRQLVL bit is 1.

Bit 12: IRLSEN Description
0 Disable IRLS3-IRLSO pins (Initial value)
1 Enable IRLS3-IRLSO pins

Bits 11 and 10—IRQ5 Sense Select (IRQ51S, IRQ508elect whether the interrupt signal to
the IRQ5 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 11: IRQ51S Bit 10: IRQ50S Description

0 0 An interrupt request is detected at IRQ5 input falling edge
(Initial value)

An interrupt request is detected at IRQ5 input rising edge

1 0 An interrupt request is detected at IRQ5 input low level

Reserved

Bits 9 and 8—IRQ4 Sense Select (IRQ41S, IRQ40elect whether the interrupt signal to the
IRQ4 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 9: IRQ41S Bit8: IRQ40S Description

0 0 An interrupt request is detected at IRQ4 input falling edge
(Initial value)

An interrupt request is detected at IRQ4 input rising edge

1 0 An interrupt request is detected at IRQ4 input low level

1 Reserved

Bits 7 and 6—IRQ3 Sense Select (IRQ31S, IRQ30Jelect whether the interrupt signal to the
IRQ3 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 7: IRQ31S Bit6: IRQ30S Description

0 0 An interrupt request is detected at IRQ3 input falling edge
(Initial value)
1 An interrupt request is detected at IRQ3 input rising edge
1 0 An interrupt request is detected at IRQ3 input low level
1 Reserved
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Bits 5 and 4—IRQ2 Sense Select (IRQ21S, IRQ20elect whether the interrupt signal to the
IRQ2 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 5: IRQ21S Bit4: IRQ20S Description
0 0 An interrupt request is detected at IRQ2 input falling edge
(Initial value)
1 An interrupt request is detected at IRQ2 input rising edge
1 0 An interrupt request is detected at IRQ2 input low level

Reserved

Bits 3 and 2—IRQ1 Sense Select (IRQ11S, IRQ10elect whether the interrupt signal to the
IRQ1 pin is detected at the rising edge, at the falling edge, or at low level.

Bit 3: IRQ11S Bit2: IRQ10S Description
0 0 An interrupt request is detected at IRQ1 input falling edge
(Initial value)
1 An interrupt request is detected at IRQ1 input rising edge
1 0 An interrupt request is detected at IRQ1 input low level

Reserved

Bits 1 and 0—IRQO Sense Select (IRQO1S, IRQO0Select whether the interrupt signal to the
IRQO pin is detected at the rising edge, at the falling edge, or at low level.

Bit 1: IRQO1S Bit0: IRQO0S Description
0 0 An interrupt request is detected at IRQO input falling edge
(Initial value)
An interrupt request is detected at IRQO input rising edge
1 0 An interrupt request is detected at IRQO input low level

Reserved
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6.3.4 Interrupt Control Register 2 (ICR2)

The interrupt control register 2 (ICR2) is a 16-bit read/write register that sets the detection mo
external interrupt input pins PINTO to PINT15. This register is initialized to H'0000 at power-or
reset or manual reset, but is not initialized in software standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINTlSS‘PINTMS‘PINT13S‘PINT14S‘PINTllS‘PINTlOS‘ PINTQS‘ PINT8S \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ PINT7S‘ PINTGS‘ PINTSS‘ PINT4S‘ PINT3S‘ PINTZS‘ PINTlS‘ PINTOS‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 0—PINT15 to PINTO Sense Select (PINT15S to PINTOS3elect whether interrupt
request signals to PINT15 to PINTO are detected at low levels or high levels.

Bits 15 to 0:
PINT15S to PINTOS Description
0 Interrupt requests are detected at low level input to the PINT pins
(Initial value)
1 Interrupt requests are detected at high level input to the PINT pins
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6.3.5 PINT Interrupt Enable Register (PINTER)

The PINT interrupt enable register (PINTER) is a 16-bit read/write register that enables inter
requests input to external interrupt input pins PINTO to PINT15. This register is initialized to
H'0000 at power-on reset or manual reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINTlSE‘PINTME‘PINT13E‘PINT12E‘PINTllE‘PINTlOE‘ PINTQE‘ PINTSE \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ PINT7E‘ PINTGE‘ PINTSE‘ PINT4E‘ PINTSE‘ PINTZE‘ PINTlE‘ PINTOE‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 0—PINT15 to PINTO Interrupt Enable (PINT15E to PINTOE): Enable whether the
interrupt requests input to the PINT15 to PINTO pins.

Bits 15to 0:

PINT15E to PINTOE Description

0 Disables PINT input interrupt requests (Initial value)
1 Enables PINT input interrupt requests

When all or some of these pins, PINTO—PINT15 are not used as an interrupt input, a bit
corresponding to a pin unused as an interrupt request should be set to 0.

137
HITACHI



6.3.6 Interrupt Request Register 0 (IRRO)

The interrupt request register 0 (IRRO) is an 8-bit register that indicates interrupt requests fron
external input pins IRQO to IRQ5 and PINTO to PINT15. This register is initialized to H'00 at
power-on reset or manual reset, but is not initialized in standby mode.

Bitt 7 6 5 4 3 2 1 0
\ PINTOR‘ PINTlR‘ IRQ5R \ IRQ4R‘ IRQ3R \ IRQ2R \ IRQLR \ IRQOR \
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

When clearing IRQ5R—-IRQOR bit to 0, 0 should be written to the bit after the bit is set to 1 anc
contents of 1 are read. Only 0 can be written to IRQ5R—-IRQOR.

Bit 7—PINTO to PINT7 Interrupt Request (PINTOR): Indicates whether interrupt requests are
input to PINTO to PINT7 pins.

Bit 7: PINTOR Description

0 Interrupt requests are not input to PINTO to PINT7 pins (Initial value)

1 Interrupt requests are input to PINTO to PINT7 pins.

Bit 6—PINT8 to PINT15 Interrupt Request (PINT1R): Indicates whether interrupt requests are
input to PINT8 to PINT15 pins.

Bit 6: PINT1R Description

0 Interrupt requests are not input to PINT8 to PINT15 pins (Initial value)

1 Interrupt requests are input to PINT8 to PINT15 pins.

Bit 5—IRQ5 Interrupt Request (IRQ5R): Indicates whether an interrupt request is input to the
IRQ5 pin. When edge detection mode is set for IRQ5, an interrupt request is cleared by cleari
the IRQ5R bit.

Bit 5: IRQ5R Description

0 An interrupt request is not input to IRQ5 pin (Initial value)
1 An interrupt request is input to IRQ5 pin

138

HITACHI



Bit 4—IRQ4 Interrupt Request (IRQ4R): Indicates whether an interrupt request is input to the
IRQ4 pin. When edge detection mode is set for IRQ4, an interrupt request is cleared by clea
the IRQ4R bit.

Bit 4: IRQ4R Description

0 An interrupt request is not input to IRQ4 pin (Initial value)

1 An interrupt request is input to IRQ4 pin

Bit 3—IRQ3 Interrupt Request (IRQ3R): Indicates whether an interrupt request is input to the
IRQ3 pin. When edge detection mode is set for IRQ3, an interrupt request is cleared by clea
the IRQ3R hit.

Bit 3: IRQ3R Description

0 An interrupt request is not input to IRQ3 pin (Initial value)

1 An interrupt request is input to IRQ3 pin

Bit 2—IRQ2 Interrupt Request (IRQ2R): Indicates whether an interrupt request is input to the
IRQ2 pin. When edge detection mode is set for IRQ2, an interrupt request is cleared by clea
the IRQ2R bit.

Bit 2: IRQ2R Description

0 An interrupt request is not input to IRQ2 pin (Initial value)

1 An interrupt request is input to IRQ2 pin

Bit 1—IRQ1 Interrupt Request (IRQ1R): Indicates whether an interrupt request is input to the
IRQ1 pin. When edge detection mode is set for IRQ1, an interrupt request is cleared by clea
the IRQ1R hit.

Bit 1: IRQ1R Description

0 An interrupt request is not input to IRQ1 pin (Initial value)

1 An interrupt request is input to IRQ1 pin

Bit 0—IRQO Interrupt Request (IRQOR): Indicates whether an interrupt request is input to the
IRQO pin. When edge detection mode is set for IRQO, an interrupt request is cleared by clea
the IRQOR hit.

Bit 0: IRQOR Description

0 An interrupt request is not input to IRQO pin (Initial value)

1 An interrupt request is input to IRQO pin
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6.3.7 Interrupt Request Register 1 (IRR1)

The interrupt request register 1 (IRR1) is an 8-bit read-only register that indicates whether DV
or IrDA interrupt requests are generated. This register is initialized to H'00 at power-on reset c
manual reset, but is not initialized in software mode.

Bitt 7 6 5 4 3 2 1 0

| TXIIR | BRIIR | RXIIR | ERIR | DEI3R | DEI2R | DEIIR | DEIOR |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R

Bit 7—TXI1 Interrupt Request (TXI1R): Indicates whether a TXI1 (IrDA) interrupt request is
generated.

Bit 7: TXI1 Description
0 A TXI1 interrupt request is not generated (Initial value)
1 A TXI1 interrupt request is generated

Bit 6—BRI1 interrupt request (BRI1R): Indicates whether a BRI1 (IrDA) interrupt request is
generated.

Bit 6: BRI1IR Description

0 A BRI1 interrupt request is not generated (Initial value)

1 A BRI1 interrupt request is generated

Bit 5—RXI1 interrupt request (RXI1R): Indicates whether an RXI1 (IrDA) interrupt request is
generated.

Bit 5: RXI1R Description

0 An RXI1 interrupt request is not generated (Initial value)

1 An RXI1 interrupt request is generated

Bit 4—ERI1 Interrupt Request (ERI1R): Indicates whether an ERI1 (IrDA) interrupt request is
generated.

Bit 4: ERI1IR Description

0 An ERI1 interrupt request is not generated (Initial value)
1 An ERI1 interrupt request is generated
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Bit 3—DEI3 Interrupt Request (DEI3R): Indicates whether a DEI3 (DMAC) interrupt request
is generated.

Bit 3: DEI3R Description
0 A DEI3 interrupt request is not generated (Initial value)
1 A DEI3 interrupt request is generated

Bit 2—DEI2 Interrupt Request (DEI2R): Indicates whether a DEI2 (DMAC) interrupt request
is generated.

Bit 2: DEI2R Description
0 A DEI2 interrupt request is not generated (Initial value)
1 A DEI2 interrupt request is generated

Bit 1—DEI1 Interrupt Request (DEI1R): Indicates whether a DEI1 (DMAC) interrupt request
is generated.

Bit 1: DEI1R Description
0 A DEI1 interrupt request is not generated (Initial value)
1 A DEI1 interrupt request is generated

Bit 0—DEIO Interrupt Request (DEIOR): Indicates whether a DEIO (DMAC) interrupt request
is generated.

Bit 0: DEIOR Description
0 A DEIO interrupt request is not generated (Initial value)
1 A DEIO interrupt request is generated

6.3.8 Interrupt Request Register 2 (IRR2)

The interrupt request register 2 (IRR2) is an 8-bit read-only register that indicates whether A/
converter, or SCIF interrupt requests are generated. This register is initialized to H'00 at pow
reset, manual reset, or in hardware standby mode, but is not initialized in software standby n

Bitt 7 6 5 4 3 2 1 0

\ — \ — \ — \ ADIR \ TXI2R \ BRI2R \ RXI2R \ ERI2R \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R
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Bits 7 to 5—Reserved BitsThese bits are always read as 0. The write value should always be

Bit 4—ADI Interrupt Request (ADIR): Indicates whether an ADI (ADC) interrupt request is
generated.

Bit 4: ADIR Description
0 An ADI interrupt request is not generated (Initial value)
1 An ADI interrupt request is generated

Bit 3—TXI2 Interrupt Request (TXI2R): Indicates whether a TXI2 (SCIF) interrupt request is
generated.

Bit 3: TXI2R Description
0 A TXI2 interrupt request is not generated (Initial value)
1 A TXI2 interrupt request is generated

Bit 2—BRI2 Interrupt Request (BRI2R): Indicates whether a BRI2 (SCIF) interrupt request is
generated.

Bit 2: BRI2R Description
0 A BRI2 interrupt request is not generated (Initial value)
1 A BRI2 interrupt request is generated

Bit 1—RXI2 Interrupt Request (RXI2R): Indicates whether an RXI2 (SCIF) interrupt request is
generated.

Bit 1: RXI2R Description
0 An RXI2 interrupt request is not generated (Initial value)
1 An RXI2 interrupt request is generated

Bit 0—ERI2 Interrupt Request (ERI2R): Indicates whether an ERI2 (SCIF) interrupt request is
generated.

Bit 0: ERI2R Description

0 An ERI2 interrupt request is not generated (Initial value)
1 An ERI2 interrupt request is generated
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6.4 INTC Operation

6.4.1 Interrupt Sequence

The sequence of interrupt operations is explained below. Figure 6.3 is a flowchart of the
operations.

1. The interrupt request sources send interrupt request signals to the interrupt controller.

2. The interrupt controller selects the highest priority interrupt from the interrupt requests se
following the priority levels set in interrupt priority registers A to E (IPRA to IPRE). Lower
priority interrupts are held pending. If two of these interrupts have the same priority level
multiple interrupts occur within a single module, the interrupt with the highest default prior
or the highest priority within its IPR setting unit (as indicated in table 6.4 and table 6.5) is
selected.

3. The priority level of the interrupt selected by the interrupt controller is compared with the

interrupt mask bits (13—10) in the status register (SR) of the CPU. If the request priority lev

higher than the level in bits 13—10, the interrupt controller accepts the interrupt and sends :
interrupt request signal to the CPU. When the interrupt controller receives an interrupt, a |
level is output from th&RQOUT pin.

The CPU receives an interrupt at a break in instructions.

The interrupt source code is set in the interrupt event registers (INTEVT and INTEVT2).

The status register (SR) and program counter (PC) are saved to SSR and SPC, respecti\

The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.

The CPU jumps to the start address of the interrupt handler (the sum of the value set in tl

vector base register (VBR) and H'00000600). The interrupt handler may branch with the

INTEVT register value as its offset in order to identify the interrupt source. This enables it

branch to the processing routine for the individual interrupt source.

© N o ok

Notes: 1. The interrupt mask bits (13—10) in the status register (SR) are not changed by
acceptance of an interrupt in the SH7709A.
2. TRQOUT outputs a low level until the interrupt request is cleared. However, if the
interrupt source is masked by an interrupt mask bifRREOUT pin returns to the
high level. The level is output without regard to the BL bit.

3. The interrupt source flag should be cleared in the interrupt handler. The interrupt
source flag should be cleared in the interrupt handler. To ensure that an interrupt
request that should have been cleared is not inadvertently accepted again, read th
source flag after it has been cleared, then wait for the interval shown in "Time for
priority decision and SR mask bit comparison” in table 6.8 before clearing the BL k
or executing an RTE instruction.
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Program
execution state

Interrupt
generated?

ICR1.BLMSK =1?

SR. BL=0or
sleepmode?

Level 15
interrupt?

Level 14
interrupt?

A
IRQOUT =1? Yes

1

Set interrupt cause in
INTEVT, INTEVT2

Save SR to SSR; 13-10
save PCtoSPC | ——— [ ~TTTTTTTT1TC level 0?

1

Set BL/MD/RB
bitsin SRto 1

13—10 level
14 or lower?

13—10 level
13 or lower?

Branch to exception
handler

‘ Y

13—-10: Interrupt mask bits in status register (SR)

Figure 6.3 Interrupt Operation Flowchart
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6.4.2 Multiple Interrupts

When multiple interrupts are used, the structure of the interrupt service routine should be as
follows.

1.

o0k wbd

Branch to a specific interrupt handler corresponding to a code set in INTEVT and INTEVT
The code in INTEVT and INTEVT2 can be used as a branch-offset for branching to the
specific handler.

Clear the cause of the interrupt in each specific handler.

Save SSR and SPC to the memory.

Clear the BL bit in SR, and set the accepted interrupt level in the interrupt mask bits in SF
Handle the interrupt.

Execute the RTE instruction.

When these procedures are followed in order, an interrupt of higher priority than the one beir
handled can be accepted after clearing BL in step 4. Figure 6.3 shows a sample interrupt op
flowchart.

6.5 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception processing is perfot
and fetching of the first instruction of the exception handler is started (the interrupt response
is shown in table 6.8. Figure 6.4 shows an example of pipeline operation when an IRL interrt
accepted. When SR.BL is 1, interrupt exception processing is masked, and is kept waiting ut
completion of an instruction that clears BL to O.
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Table 6.8

Interrupt Response Time

Number of States

Peripheral
Iltem NMI IRQ PINT Modules Notes
Time for priority 0.5 x Icyc 0.5 x Icyc 0.5 x Icyc 0.5 x Icyc
decision and SR +0.5x%xBcyc +1xBcyc +3.5xPcyc +1.5xPcyc*®
mask bit comparison + 0.5 x Pcyc + 4.5x Pcyc**
0.5 x Icyc 0.5 x Icyc
+1 x Beye + 3 x Peyc*”’

+ 2.5 x Pcyc*®

Wait time until end
of sequence being
executed by CPU

X (=0)xlcyc X (=0)xlcyc X (=0)xIcyc X (=0) xlIcyc Interrupt exception

processing is kept
waiting until the
executing instru-
ction ends. If the
number of instruc-
tion execution
states is S*1, the
maximum wait
timeis: X =S -1.
However, if BL is
set to 1 by instruc-
tion execution or
by an exception,
interrupt exception
processing is
deferred until
completion of an
instruction that
clears BL to 0. If
the following
instruction masks
interrupt exception
processing, the
processing may be
further deferred.

Time from interrupt

exception processing

(save of SR and PC)
until fetch of first
instruction of
exception service
routine is started

5 x Icyc 5 x Icyc 5 x leyc 5 x Icyc
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Table 6.8

Interrupt Response Time (cont)

Number of States

Peripheral
Iltem NMI IRQ PINT Modules Notes
Response Total (5.5 +X) 5.5+ X) (5.5 +X) (5.5 +X)
time x Icyc x Icyc x Icyc x Icyc
+0.5x%xBcyc +1xBcyc +1.5xPcyc*®+ 1.5 x Pcyc*®
+0.5 xPcyc + 2.5 x Pcyc*®
5.5+ X) (5.5+X) (5.5+X)
x Icyc x Icyc x Icyc
+ 3 xPcyc*® +3xPcyc*” + 3 xPcyc*’
Minimum 7.5 16.5 12.5 8.5%°%/11.5*" At 60-MHz (CKIO
case*? = 30) operation:
0.13-0.28 ps
Maximum 7 +S 265+S 185+S 10.5 + S*° At 60-MHz (CKIO
case*3 165 + S*7 =15) operation:
0.26-0.56 ps (in
case of operand
cache hit)
At 60-MHz (CKIO
= 15) operation:
0.29-0.59 ps
(when external
memory access is
performed with
wait = 0)
Icyc: Duration of one cycle of internal clock supplied to CPU.
Bcyc: Duration of one CKIO cycle.
Pcyc: Duration of one cycle of peripheral clock supplied to peripheral modules.
Notes: 1. S also includes the memory access wait time.
The processing requiring the maximum execution time is LDC.L @Rm+, SR. When the
memory access is a cache-hit, this requires seven instruction execution cycles. When
the external access is performed, the corresponding number of cycles must be added.
There are also instructions that perform two external memory accesses; if the external
memory access is slow, the number of instruction execution cycles will increase
accordingly.
2. The internal clock: CKIO: peripheral clock ratio is 2: 1: 1.
3. The internal clock: CKIO: peripheral clock ratio is 4: 1: 1.
4. IRQ mode
5. IRL mode
6. Modules: TMU, RTC, SCI, WDT, REFC
7. Modules: DMAC, ADC, IrDA, SCIF
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Interrupt Start of interrupt
acceptance processing

0.5 x Icyc

+ 0.5 x Beyc
+ 2 x Pcyc
-y -

5 xIcyc

e}

IRL

Instruction (instruction
replaced by interrupt | IF | ID | EX | EX | EX | EX
exception processing) '

Overrun fetch IF
First instruction of interrupt ﬂ-
handler IF EX

IF: Instruction fetch: Instruction is fetched from memory in which program is stored.

ID: Instruction decode: Fetched instruction is decoded.

EX: Instruction execution: Data operation and address calculation are performed in
accordance with result of decoding.

Figure 6.4 Example of Pipeline Operations when IRL Interrupt is Accepted
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7.1

Section 7 User Break Controller

Overview

The user break controller (UBC) provides functions that simplify program debugging. Break
conditions are set in the UBC and a user break is generated according to the conditions of tt
cycle generated by the CPU or on-chip DMAC. The breakpoint check function monitors
instruction fetches and operand read/writes, generating a variable combination of pre-execut
instruction fetch, post-execution instruction fetch, and post-execution operand access breakg
traps under designated read/write conditions.

This function makes it easy to design an effective self-monitoring debugger, enabling the chi
debug programs without using an in-circuit emulator.

7.1.1

Features

The user break controller has the following features:

« The following break comparison conditions can be set.
Number of break channels: two channels (channels A and B)
User break can be requested as either the independent or sequential condition on channe
and B (sequential break setting: channel A and, then channel B match with logical AND, |
not in the same bus cycle).

O

U
g
U
g

Address (Compares 40 bits comprised of a 32-bit logical address prefixed with an ASI!
address

Comparison bits are maskable in 32-bit units, user can easily program it to mask addr
at bottom 12 bits (4-k page), bottom 10 bits (1-k page), or any size of page, etc.

The 8-bit ASID checking is from MMU control to indicate hit or not hit.)

One of four address buses (CPU address bus (LAB), cache address bus (IAB),
X-memory address bus (XAB) and Y-memory address bus (YAB)) can be selected.
Data (only on channel B, 32-bit maskable)

One of the four data buses (CPU data bus (LDB), cache data bus (IDB), X-memory de
bus (XDB) and Y-memory data bus (YDB)) can be selected.

Bus master: CPU cycle or DMAC cycle
Bus cycle: instruction fetch or data access
Read/write

Operand size: byte, word, or longword

e User break is generated upon satisfying break conditions. A user-designed user-break
condition exception processing routine can be run.
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» In an instruction fetch cycle, it can be selected that a break is set before or after an instruc
is executed.

» Breaks can be specified for on-chip I/O accesses or LDTLB instruction execution in ASE
mode.

» The number of repeat times can be specified as a break condition. (It is only for channel B
« Maximum repeat times for the break conditiott.21 times.
» Eight pairs of branch source/destination buffers.
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7.1.2 Block Diagram

A XABYAB
cootas A 1AB  LAB MDB
v A A A A

\

Access
comparator BBRA @— P
BARA
> Address
| comparator
al BAMRA

NN
ASID <
comparator BASRA e L
- Channel A

\

Access | [oopp le— o
comparator EERD
BARB
Address
comparator
BAMRB

ASID

comparator \BASRB je—— »

Data BDRB
- COomparator
BDMRB

Channel B BETR +—— |

= BRSR
| BRDR

\ » CONTROL BRCR
\
' L. \
LDB/IDB/ User break request

Y

\/

\
[}

A

PC Trace

Yy

XDB/YDB CPU state
signals

[ ] UBC Location RXY ccN Location
Legend
BBRA: Break bus cycle register A BASRB: Break ASID register B
BARA: Break address register A BDRB: Break data register B
BAMRA: Break address mask register A BDMRB: Break data mask register B
BASRA: Break ASID register A BETR: Break execution times register
BBRB: Break bus cycle register B BRSR: Branch source register
BARB: Break address register B BRDR:  Branch destination register
BAMRB: Break address mask register B BRCR: Break control register

Figure 7.1 Block Diagram of User Break Controller
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7.1.3 Register Configuration
Table 7.1  Register Configuration

Access
Name Abbr.  R/W Initial Value ** Address Size Location
Break address register A BARA R/W  H'00000000 H'FFFFFFBO 32 UBC
Break address mask BAMRA R/W  H'00000000 HFFFFFFB4 32 UBC
register A
Break bus cycle register A BBRA R/W  H'0000 H'FFFFFFB8 16 UBC
Break address register B BARB ~ R/W  H'00000000 H'FFFFFFAO 32 UBC
Break address mask BAMRB R/W  H'00000000 HFFFFFFA4 32 UBC
register B
Break bus cycle register B BBRB  R/W  H'0000 H'FFFFFFA8 16 UBC
Break data register B BDRB R/W  H'00000000 HFFFFFF90 32 uUBC
Break data mask register B BDMRB R/W  H'00000000 H'FFFFFF94 32 UBC
Break control register BRCR R/W  H'00000000 HFFFFFF98 32 UBC
Execution count break BETR R/W  H'0000 H'FFFFFFOC 16 UBC
register
Branch source register BRSR R Undefined*? H'FFFFFFAC 32 UBC
Branch destination register BRDR R Undefined*? H'FFFFFFBC 32 UBC
Break ASID register A BASRA R/W  Undefined H'FFFFFFE4 16 CCN
Break ASID register B BASRB R/W  Undefined H'FFFFFFE8 16 CCN

Notes: 1. Initialized by power-on reset. Values held in standby state and undefined by manual
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2. Bit 31 of BRSR and BRDR (valid flag) is initialized by power-on resets. But other bits

are not initialized.
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7.2 Register Descriptions

7.2.1 Break Address Register A (BARA)

BARA is a 32-bit read/write register. BARA specifies the address used as a break condition i
channel A. A power-on reset initializes BARA to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BAA31‘ BAA30‘ BAA29‘ BAAZS‘ BAA27‘ BAA26‘ BAAZS‘ BAA24‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
\ BAA23‘ BAAZZ‘ BAA21‘ BAAZO‘ BAA19‘ BAA18‘ BAA17‘ BAAlG‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BAAlS‘ BAA14‘ BAA13‘ BAAlZ‘ BAAll‘ BAAlO‘ BAA9 \ BAAS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bt 7 6 5 4 3 2 1 0
\ BAA7 \ BAAG \ BAAS \ BAA4 \ BAA3 \ BAA2 \ BAAL \ BAAO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 31 to 0—Break Address A31 to A0 (BAA31 to BAAOQ)Stores the address on the LAB or

IAB specifying break conditions of channel A.
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7.2.2 Break Address Mask Register A (BAMRA)

BAMRA is a 32-bit read/write register. BAMRA specifies bits masked in the break address
specified by BARA. A power-on reset initializes BAMRA to H'00000000.

Bit: 31 30 29 28 27 26 25 24
\ BAMA31‘ BAMASO‘ BAMA29‘ BAMAZS‘ BAMA27‘ BAMAZG‘ BAMAZS‘ BAMA24‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16
\ BAMA23‘ BAMAZZ‘ BAMA21‘ BAMAZO‘ BAMAlQ‘ BAMAlS‘ BAMAl?‘ BAMA16‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
‘BAMAlS‘ BAMA14‘ BAMAlS‘ BAMAlZ‘ BAMAll‘ BAMAlO‘ BAMAQ‘ BAMAS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ BAMA7 \ BAMA6‘ BAMAS \ BAMA4‘ BAMA3 \ BAMA2 \ BAMAl‘ BAMAO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 31 to 0—Break Address Mask Register A31 to A0 (BAMA31 to BAMAO)Specifies bits
masked in the channel A break address bits specified by BARA (BAA31-BAAO).

Bits 31 to O:
BAMAN Description
0 Break address bit BAAn of channel A is included in the break condition
(Initial value)
1 Break address bit BAAn of channel A is masked and is not included in the break
condition
n=31-0
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7.2.3 Break Bus Cycle Register A (BBRA)

Break bus cycle register A (BBRA) is a 16-bit read/write register, which specifies (1) CPU cy«
or DMAC cycle, (2) instruction fetch or data access, (3) read or write, and (4) operand size in
break conditions of channel A. A power-on reset initializes BBRA to H'0000.

Bitt 15 14 13 12 11 10 9 8
-l -1 -1T-7T=-71T=-7T=17=-1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ CDA1 \ CDAO‘ IDA1 \ IDAO \ RWAl‘ RWAO‘ SzZA1 \ SZA0 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 8—ReservedThese bits are always read as 0. The write value should always be 0.

Bits 7 and 6—CPU Cycle/DMAC Cycle Select A (CDA1, CDAO)Selects the CPU cycle or

DMAC cycle as the bus cycle of the channel A break condition.

Bit 7: CDA1 Bit 6: CDAO Description

0 0 Condition comparison is not performed (Initial value)
* 1 The break condition is the CPU cycle

1 0 The break condition is the DMAC cycle

*: Don’t care

Bits 5 and 4—Instruction Fetch/Data Access Select A (IDA1L, IDAOBelects the instruction
fetch cycle or data access cycle as the bus cycle of the channel A break condition.

Bit 5: IDA1 Bit 4: IDAO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the instruction fetch cycle

1 0 The break condition is the data access cycle
1 The break condition is the instruction fetch cycle or data access

cycle
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Bits 3 and 2—Read/Write Select A (RWA1L, RWAOQ)Selects the read cycle or write cycle as the
bus cycle of the channel A break condition.

Bit 3: RWAL1 Bit 2: RWAO Description

0 0 Condition comparison is not performed (Initial value)

The break condition is the read cycle

1
1 0 The break condition is the write cycle
1

The break condition is the read cycle or write cycle

Bits 1 and 0—Operand Size Select A (SZA1, SZAO%elects the operand size of the bus cycle
for the channel A break condition.

Bit 1: SZA1 Bit 0: SZA0 Description

0 0 The break condition does not include operand size
(Initial value)
1 The break condition is byte access
1 0 The break condition is word access
1 The break condition is longword access
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7.2.4 Break Address Register B (BARB)

BARB is a 32-bit read/write register. BARB specifies the address used as a break condition i
channel B. A power-on reset initializes BARB to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BAB31‘ BAB30‘ BABZQ‘ BABZB‘ BABZ?‘ BABZG‘ BABZS‘ BABZ4‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
\ BABZS‘ BABZZ‘ BABZl‘ BABZO‘ BABlQ‘ BABlS‘ BABl7‘ BABlG‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BABlS‘ BABl4‘ BABlS‘ BABlZ‘ BABll‘ BABlO‘ BAB9 \ BABS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ BAB7 \ BAB6 \ BABS \ BAB4 \ BAB3 \ BAB2 \ BABL1 \ BABO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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7.2.5 Break Address Mask Register B (BAMRB)

BAMRB is a 32-bit read/write register. BAMRB specifies bits masked in the break address
specified by BARB. A power-on reset initializes BAMRB to H'00000000.

Bit: 31 30 29 28 27 26 25 24
\ BAMB31‘ BAMBSO‘ BAMBZQ‘ BAMBZS‘ BAMBZ?‘ BAMBZG‘ BAMBZS‘ BAMBZ4‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16
\ BAMBZ3‘ BAMBZZ‘ BAMB21‘ BAMBZO‘ BAMBlQ‘ BAMBlS‘ BAMBl?‘ BAMBl6‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
‘BAMBlS‘BAMBM‘ BAMBlS‘ BAMBlZ‘ BAMBll‘ BAMBlO‘ BAMBQ‘ BAMBS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ BAMB? \ BAMB6‘ BAMBS5 \ BAMB4‘ BAMB3 \ BAMB2 \ BAMBl‘ BAMBO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 31 to 0—Break Address Mask Register B31 to BO (BAMB31 to BAMBOSpecifies bits
masked in the channel B break address bits specified by BARB (BAB31—BABO).

Bits 31 to O:

BAMBN Description

0 Break address BABnN of channel B is included in the break condition (Initial value)

1 Break address BABN of channel B is masked and is not included in the break
condition

n=31to0
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7.2.6 Break Data Register B (BDRB)

BDRB is a 32-hit read/write register. A power-on reset initializes BDRB to H'00000000.

Bitt 31 30 29 28 27 26 25 24
\ BDB31 \ BDB30‘ BDB29 \ BDBZS‘ BDB27 \ BDB26 \ BDBZS‘ BDB24 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16
\ BDB23 \ BDBZZ‘ BDB21 \ BDBZO‘ BDB19 \ BDB18 \ BDBl?‘ BDB16 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BDB15 \ BDBl4‘ BDB13 \ BDBlZ‘ BDB11 \ BDB10 \ BDBO \ BDBS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ BDB7 \ BDB6 \ BDB5 \ BDB4 \ BDB3 \ BDB2 \ BDB1 \ BDBO \

Initial value: 0 0 0 0 0 0 0 0
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7.2.7 Break Data Mask Register B (BDMRB)

BDMRB is a 32-hit read/write register. BDMRB specifies bits masked in the break data specifi
by BDRB. A power-on reset initializes BDMRB to H'00000000.

Bit: 31 30 29 28 27 26 25 24
\ BDMB31‘ BDMBSO‘ BDMBZ9‘ BDMBZS‘ BDMBZ?‘ BDMBZG‘ BDMBZS‘ BDMBZ4‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16
\ BDMBZ3‘ BDMBZZ‘ BDMBZl‘ BDMBZO‘ BDMBlQ‘ BDMBlS‘ BDMBl?‘ BDMBl6‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BDMBlS‘ BDMBl4‘ BDMBl3‘ BDMBlZ‘ BDMBll‘ BDMBlO‘ BDMB9 \ BDMBS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ BDMB7 \ BDMBG‘ BDMBS‘ BDMB4‘ BDMBS‘ BDMB2 \ BDMBl‘ BDMBO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 31 to 0—Break Data Mask Register B31 to BO (BDMB31 to BDMBOpecifies bits in
the channel B break data bits specified by BDRB (BDB31—BDBO).

Bits 31 to O:

BDMBnN Description

0 Break data BDBn of channel B is included in the break condition (Initial value)

1 Break data BDBn of channel B is masked and is not included in the break
condition

n=31t00

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2. When a byte size is selected as a break condition, the break data must be set in bits
15-8 in BDRB for an even break address and bits 7-0 for an odd break address.
Another 8 bits have no influence on a break condition.
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7.2.8 Break Bus Cycle Register B (BBRB)

Break bus cycle register B (BBRB) is a 16-hit read/write register, which specifies, (1) CPU cy
or DMAC cycle, (2) instruction fetch or data access, (3) read/write, and (4) operand size in th
break conditions of channel B. A power-on reset initializes BBRB to H'0000.

Bitt 15 14 13 12 11 10 9 8
- -1 -7T-1T-7T-=-7T=-7T=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ CDB1 \ CDBO‘ IDB1 \ IDBO \ RWBl‘ RWBO‘ SzZB1 \ SZBO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 8—ReservedThese bits are always read as 0. These bits are always read as 0.

Bits 7 and 6—CPU Cycle/DMAC Cycle Select B (CDB1, CDB0gBelect the CPU cycle or
DMAC cycle as the bus cycle of the channel B break condition.

Bit 7: CDB1 Bit 6: CDBO Description

0 0 Condition comparison is not performed (Initial value)
* 1 The break condition is the CPU cycle

1 0 The break condition is the DMAC cycle

*: Don't care

Bits 5 and 4—Instruction Fetch/Data Access Select B (IDB1, IDBOBelect the instruction
fetch cycle or data access cycle as the bus cycle of the channel B break condition.

Bit 5: IDB1 Bit 4: IDBO Description

0 0 Condition comparison is not performed (Initial value)
1 The break condition is the instruction fetch cycle

1 0 The break condition is the data access cycle
1 The break condition is the instruction fetch cycle or data access

cycle
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Bits 3 and 2—Read/Write Select B (RWB1, RWBO0)Select the read cycle or write cycle as the
bus cycle of the channel B break condition.

Bit 3: RWB1 Bit 2: RWBO Description

0 0 Condition comparison is not performed (Initial value)

The break condition is the read cycle

1
1 0 The break condition is the write cycle
1

The break condition is the read cycle or write cycle

Bits 1 and 0—Operand Size Select B (SZB1, SZB®elect the operand size of the bus cycle fol
the channel B break condition.

Bit 1: SZB1 Bit 0: SZBO Description

0 0 The break condition does not include operand size (Initial value)

The break condition is byte access

1
1 0 The break condition is word access
1

The break condition is longword access
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7.2.9
BRCR sets the following conditions:

1.

S L S

Break Control Register (BRCR)

Channels A and B are used in two independent channels condition or under the sequenti

condition.

A break is set before or after instruction execution.
A break is set by the number of execution times.

Determine whether to include data bus on channel B in comparison conditions.
Enable PC trace.

Enable the ASID check.

The break control register (BRCR) is a 32-bit read/write register that has break conditions m:
flags and bits for setting a variety of break conditions. A power-on reset initializes BRCR to
H'00000000.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
-l -1 -1T-7T-=-7T=-7T=17-=1
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
\ — — ‘BASMA‘BASMB‘ — \ — \ — \ — \
0 0 0 0 0 0 0 0

RW  RW
15 14 13 12 11 10 9 8
\SCMFCA\SCMFCQSCMFDNSCMFDE{ PCTE \ PCBA \ — \ — \
0 0 0 0 0 0 0 0
RW RW RW RW RW RW
7 6 5 4 3 2 1 0
' oBeB | PcBB| — | — | seQ | — | — | ETBE|
0 0 0 0 0 0 0 0
RW  RW RIW RIW

Bits 31 to 22—ReservedThese bits are always read as 0. The write value should always be (

HITACHI
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Bit 21—Break ASID Mask A (BASMA): Specifies whether the bits of the channel A break
ASID7-ASIDO0 (BASA7 to BASAOQ) set in BASRA are masked or not.

Bit 21: BASMA Description
0 All BASRA bits are included in break condition, ASID is checked  (Initial value)

1 No BASRA bits are included in break condition, ASID is not checked

Bit 20—Break ASID Mask B (BASMB): Specifies whether the bits of channel B break ASID7-
ASIDO (BASB7 to BASBO) set in BASRB are masked or not.

Bit 20: BASMB Description
0 All BASRB bits are included in break condition, ASID is checked  (Initial value)

1 No BASRB bits are included in break condition, ASID is not checked

Bits 19 to 16—ReservedThese bits are always read as 0. The write value should always be O.

Bit 15—CPU Condition Match Flag A (SCMFCA): When the CPU bus cycle condition in the
break conditions set for channel A is satisfied, this flag is set to 1 (not cleared to 0). In order tc
clear this flag, write 0 into this bit.

Bit 15:

SCMFCA Description

0 The CPU cycle condition for channel A does not match (Initial value)
1 The CPU cycle condition for channel A matches

Bit 14—CPU Condition Match Flag B (SCMFCB): When the CPU bus cycle condition in the
break conditions set for channel B is satisfied, this flag is set to 1 (not cleared to 0). In order tc
clear this flag, write O into this bit.

Bit 14:

SCMFCB Description

0 The CPU cycle condition for channel B does not match (Initial value)
1 The CPU cycle condition for channel B matches
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Bit 13—DMAC Condition Match Flag A (SCMFDA): When the on-chip DMAC bus cycle
condition in the break conditions set for channel A is satisfied, this flag is set to 1 (not cleare
0). In order to clear this flag, write 0 into this bit.

Bit 13:

SCMFDA Description

0 The DMAC cycle condition for channel A does not match (Initial value)
1 The DMAC cycle condition for channel A matches

Bit 122—DMAC Condition Match Flag B (SCMFDB): When the on-chip DMAC bus cycle
condition in the break conditions set for channel B is satisfied, this flag is set to 1 (not cleare
0). In order to clear this flag, write 0 into this bit.

Bit 12:

SCMFDB Description

0 The DMAC cycle condition for channel B does not match (Initial value)
1 The DMAC cycle condition for channel B matches

Bit 11—PC Trace Enable (PCTE):Enables PC trace.

Bit 11: PCTE Description

0 Disables PC trace (Initial value)

1 Enables PC trace

Bit 10—PC Break Select A (PCBA):Selects the break timing of the instruction fetch cycle for
channel A as before or after instruction execution.

Bit 10: PCBA  Description

0 PC break of channel A is set before instruction execution (Initial value)

1 PC break of channel A is set after instruction execution

Bits 9 and 8—ReservedThese bits are always read as 0. The write value should always be O

Bit 7—Data Break Enable B (DBEB): Selects whether or not the data bus condition is include
in the break condition of channel B.

Bit 7: DBEB Description

0 No data bus condition is included in the condition of channel B (Initial value)

1 The data bus condition is included in the condition of channel B
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Bit 6—PC Break Select B (PCBB):Selects the break timing of the instruction fetch cycle for
channel B as before or after instruction execution.

Bit 6: PCBB Description

0 PC break of channel B is set before instruction execution (Initial value)

1 PC break of channel B is set after instruction execution

Bits 5 and 4—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 3—Sequence Condition Select (SEQ$elects two conditions of channels A and B as
independent or sequential.

Bit 3: SEQ Description
0 Channels A and B are compared under the independent condition (Initial value)
1 Channels A and B are compared under the sequential condition

Bit 2—NPROT Bit: Indicates whether to release UBC to user. This bit is meaningless in the m
chip mode. The reading of BRCR.NPROT bit could be impossible in the ASE break mode if th
value is 1 because the mode has switched to the ASE user mode.

Bit 2: NPROT  Description

0 UBC is not released to user (Initial value)

1 UBC is released to user

Bit 1—RTB Interrupt Mask (RTBMK): Indicates whether to mask user interrupts after RTB.
This bit is meaningless in the main chip mode.

Bit 1: RTBMK  Description

0 Interrupts are accepted after RTB (Initial value)

1 Interrupts are not accepted after RTB

Bit 0—The Number of Execution Times Break Enable (ETBE)Enable the execution-times
break condition only on channel B. If this bit is 1 (break enable), a user break is issued when 1
number of break conditions matches with the number of execution times that is specified by tf
BETR register.

Bit 0: ETBE Description

0 The execution-times break condition is masked on channel B (Initial value)
1 The execution-times break condition is enabled on channel B
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7.2.10 Execution Times Break Register (BETR)

When the execution-times break condition of channel B is enabled, this register specifies the
number of execution times to make the break. The maximum numbéri¢ mes. A power-on
reset initializes BETR to H'0000. When a break condition is satisfied, it decreases the BETR.
break is issued when the break condition is satisfied after the BETR becomes H'0001. Bits 1
are always read as 0 and 0 should always be written in these bits.

Bit: 15 14 13 12 11 10 9 8

R/W: R R R R R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
(0 N N NN N

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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7.2.11 Branch Source Register (BRSR)

BRSR is a 32-bit read register. BRSR stores the last fetched address before branch and the f
(3 bits) which indicates the number of cycles from fetch to execution for the last executed
instruction. BRSR has the flag bit that is set to 1 when branch occurs. This flag bit is cleared t
when BRSR is read and also initialized by power-on resets or manual resets. Other bits are n
initialized by reset. Four BRSR registers have queue structure and a stored register is shifted
branch.

Bitt 31 30 29 28 27 26 25 24
| SVF | PID2 | PIDI | PIDO | BSA27 | BSA26 | BSA25| BSA24 |
Initial value: 0 * * * * * * *
RW: R R R R R R R R
Bitt 23 22 21 20 19 18 17 16
| BSA23 | BSA22| BSA21 | BSA20 | BSAL9 | BSAI8 | BSAL7 | BSALG |
Initial value: ~ * . * * * * * *
RW: R R R R R R R R
Bitt 15 14 13 12 11 10 9 8
| BSAL5 | BSA14| BSAL3 | BSA12| BSALL | BSAIO | BSA9 | BSAS |
Initial value: ~ * . * * * * * *
RW: R R R R R R R R
Bitt 7 6 5 4 3 2 1 0
| BSA7 | BSAG6 | BSAS | BSA4 | BSA3 | BSA2 | BSAL | BSAO |
Initial value: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined value

Bit 31—BRSR Valid Flag (SVF):Indicates whether the address and the pointer by which the
branch source address can be calculated. When a branch source address is fetched, this flag
to 1. This flag is cleared to 0 in reading BRSR.

Bit 31: SVF Description

0 The value of BRSR register is invalid
1 The value of BRSR register is valid
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Bits 30 to 28—Instruction Decode Pointer (PID2 to PIDO)PID is a 3-bit binary pointer (0-7).
These bits indicate the instruction buffer number which stores the last executed instruction b
branch.

Bits 30 to 28:

PID Description

Even PID indicates the instruction buffer number.
Odd PiD+2 indicates the instruction buffer number

Bits 27 to 0—Branch Source Address (BSA27-BSAUQ)hese bits store the last fetched addres
before branch.

7.2.12  Branch Destination Register (BRDR)

BRDR is a 32-bit read register. BRDR stores the branch destination fetch address. BRDR hg
flag bit that is set to 1 when branch occurs. This flag bit is cleared to 0, when BRDR is read ¢
also initialized by power-on resets or manual resets. Other bits are not initialized by resets. F
BRDR registers have queue structure and a stored register is shifted every branch.

Bitt 31 30 29 28 27 26 25 24
\ DVE \ — \ —_ \ — \ BDA27 \ BDA26 \ BDAZS‘ BDA24 \
Initial value: 0 * * * * * * *
RW: R R R R R R R R
Bit: 23 22 21 20 19 18 17 16
\ BDA23 \ BDAZZ‘ BDA21 \ BDAZO‘ BDA19 \ BDA18 \ BDA17‘ BDA16 \
Initial value: * * * * * * * *
RW: R R R R R R R R
Bitt 15 14 13 12 11 10 9 8

\ BDA15 \ BDA14‘ BDA13 \ BDAlZ‘ BDA11 \ BDA10 \ BDA9 \ BDAS \

Initial value: * * * * * * * *
R/W: R R R R R R R R
Bit: 7 6 5 4 3 2 1 0

\ BDA7 \ BDAG \ BDA5 \ BDA4 \ BDA3 \ BDA2 \ BDAL \ BDAO \

Initial value: * * * * * * * *
R/W: R R R R R R R R
Note: * Undefined value
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Bit 31—BRDR Valid Flag (DVF): Indicates whether a branch destination address is stored.
When a branch destination address is fetched, this flag is set to 1. This flag is set to 0 in readi
BRDR.

Bit 31: DVF Description

0 The value of BRDR register is invalid

1 The value of BRDR register is valid

Bits 30 to 28—ReservedThese bits are always read as 0. The write value should always be O.

Bits 27 to 0—Branch Destination Address (BDA27 to BDAO)These bits store the first fetched
address after branch.

7.2.13 Break ASID Register A (BASRA)

Break ASID register A (BASRA) is an 8-bit read/write register that specifies the ASID that sen
as the break condition for channel A. It is not initialized by resets. It is located in CCN.

Bitt 7 6 5 4 3 2 1 0
\ BASA?‘ BASAG‘ BASAS‘ BASA4‘ BASAS‘ BASAZ‘ BASAl‘ BASAO‘
Initial value: * * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Undefined value

Bits 7 to 0—Break ASID A7 to 0 (BASA7 to BASAOQ)These bits store the ASID (bits 7 to 0)
that is the channel A break condition.

7.2.14 Break ASID Register B (BASRB)

Break ASID register B (BASRB) is an 8-bit read/write register that specifies the ASID that sen
as the break condition for channel B. It is not initialized by resets. It is located in CCN.

Bitt 7 6 5 4 3 2 1 0
\ BASB?‘ BASB6‘ BASBS‘ BASB4‘ BASBS‘ BASBZ‘ BASBl‘ BASBO‘
Initial value: * * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Undefined value

Bits 7 to 0—Break ASID A7 to 0 (BASB7 to BASBO)These bits store the ASID (bits 7 to 0)
that is the channel B break condition.
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7.3 Operation Description

7.3.1 Flow of the User Break Operation

The flow from setting of break conditions to user break exception processing is described be

1.

The break addresses and the corresponding ASIDs are loaded in the break address regis
(BARA and BARB) and break ASID registers (BASRA and BASRB in CCN). The masked
addresses are set in the break address mask registers (BAMRA and BAMRB). The break
is set in the break data register (BDRB). The masked data is set in the break data mask r
(BDMRB). The breaking bus conditions are set in the break bus cycle registers (BBRA ar
BBRB). Three groups of the BBRA and BBRB (CPU cycle/DMAC cycle select, instruction
fetch/data access select, and read/write select) are each set. No user break will be gener
even one of these groups is set with 00. The respective conditions are set in the bits of th
BRCR.

. When the break conditions are satisfied, the UBC sends a user break request to the inter

controller. The break type will be sent to CPU indicating the instruction fetch, pre/post
instruction break, data access break, or on-chip I/O access/LDTLB break. When conditior
match up, the CPU condition match flags (SCMFCA and SCMFCB) and DMAC condition
match flags (SCMFDA and SCMFDB) for the respective channels are set.

. When the ASE mode is set (not in the main chip mode) and the set conditions are satisfie

UBC sends an ASE break request to interrupt controller. When conditions match up, the
corresponding match flags (SCMFIOB and SCMFLDT) or other flags are set.

The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFDB) cz
be used to check if the set conditions match or not. The matching of the conditions sets fl
but they are not reset. 0 must first be written to them before they can be used again.
There is a chance that the data access break and its following instruction fetch break occ
around the same time, there will be only one break request to the CPU, but these two bre
channel match flags could be both set.
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7.3.2 Break on Instruction Fetch Cycle

1. When CPUl/instruction fetch/read/word or longword is set in the break bus cycle registers
(BBRA/BBRB), the break condition becomes the CPU instruction fetch cycle. Whether it th
breaks before or after the execution of the instruction can then be selected with the
PCBA/PCBB bits of the break control register (BRCR) for the appropriate channel.

2. Aninstruction set for a break before execution breaks when it is confirmed that the instruc
has been fetched and will be executed. This means this feature cannot be used on instruc
fetched by overrun (instructions fetched at a branch or during an interrupt transition, but nc
be executed). When this kind of break is set for the delay slot of a delay branch instruction
break is generated prior to execution of the instruction that then first accepts the break.
Meanwhile, the break set for pre-instruction-break on delay slot instruction and post-
instruction-break on SLEEP instruction are also prohibited.

3. When the condition is specified to be occurred after execution, the instruction set with the
break condition is executed and then the break is generated prior to the execution of the n
instruction. As with pre-execution breaks, this cannot be used with overrun fetch instructiot
When this kind of break is set for a delay branch instruction, the break is generated at the
instruction that then first accepts the break.

4. When an instruction fetch cycle is set for channel B, break data register B (BDRB) is ignor:
There is thus no need to set break data for the break of the instruction fetch cycle.

7.3.3 Break by Data Access Cycle

1. The memory cycles in which CPU data access breaks occur are from instructions.

2. The relationship between the data access cycle address and the comparison condition for
operand size are listed in table 7.2:

Table 7.2  Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31-2 to address bus bits 31-2
Word Compares break address register bits 31-1 to address bus bits 31-1
Byte Compares break address register bits 31-0 to address bus bits 31-0

This means that when address H'00001003 is set without specifying the size condition, for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions are met).

Longword access at H'00001000
Word access at H'00001002
Byte access at H'00001003
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When the data value is included in the break conditions on B channel:

When the data value is included in the break conditions, either longword, word, or byte is
specified as the operand size of the break bus cycle registers (BBRA and BBRB). When ¢
values are included in break conditions, a break is generated when the address condition
data conditions both match. To specify byte data for this case, set the same data in two b
bits 15-8 and bits 7—0 of the break data register B (BDRB) and break data mask register
(BDMRB). When word or byte is set, bits 31-16 of BDRB and BDMRB are ignored.

When the DMAC data access is included in the break condition:

When the address is included in the break condition on DMAC data access, the operand
the break bus cycle registers (BBRA and BBRB) should be byte, word or no specified ope
size. When the data value is included, select either byte or word.

7.34 Sequential Break

By specifying SEQ in BRCR is set to 1, the sequential break is issued when channel B br
condition matches after channel A break condition matches. A user break is ignored ever
channel B break condition matches before channel A break condition matches. When che
A and B condition match at the same time, the sequential break is not issued.

In sequential break specification, internal/X/Y bus can be selected and the execution time
break condition can be also specified. For example, when the execution times break conc
is specified, the break condition is satisfied at channel B condition match with BETR = H'(
after channel A condition match.

7.3.5 Value of Saved Program Counter

The PC when a break occurs is saved to the SPC in user breaks. The PC value saved is as
depending on the type of break.

1.

When instruction fetch (before instruction execution) is specified as a break condition:
The value of the program counter (PC) saved is the address of the instruction that matche
break condition. The fetched instruction is not executed, and a break occurs before it.
When instruction fetch (after instruction execution) is specified as a break condition:

The PC value saved is the address of the instruction to be executed following the instruct
which the break condition matches. The fetched instruction is executed, and a break occt
before the execution of the next instruction.

. When data access (address only) is specified as a break condition:

The PC value is the address of the instruction to be executed following the instruction tha
matched the break condition. The instruction that matched the condition is executed and
break occurs before the next instruction is executed.
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. When data access (address + data) is specified as a break condition:

The PC value is the start address of the instruction that follows the instruction already exec
when break processing started up. When a data value is added to the break conditions, the
place where the break will occur cannot be specified exactly. The break will occur before t
execution of an instruction fetched around the data access where the break occurred.

7.3.6 PC Trace

1. Setting PCTE in BRCR to 1 enables PC traces. When branch (branch instruction, repeat, :

interrupt) is generated, the address from which the branch source address can be calculat
the branch destination address are stored in BRSR and BRDR, respectively. The branch
address and the pointer, which corresponds to the branch, are included in BRSR.

. The branch address before branch occurs can be calculated from the address and the poi
stored in BRSR. The expression from BSA (the address in BRSR), PID (the pointer in BRS
and IA (the instruction address before branch occurs) is as follows: IA = BSA — 2 * PID.

Notes are needed when an interrupt (a branch) is issued before the branch destination
instruction is executed. In case of the next figure, the instruction “Exec” executed immedia
before branch is calculated by IA = BSA — 2 * PID. However, when branch “branch” has de
slot and the destination address is 4n + 2 address, the address “Dest” which is specified b
branch instruction is stored in BRSR (Dest = BSA). Therefore, as IA = BSA -2 * PID is no
applied to this case, this PID is invalid. The case where BSA is 4n + 2 boundary is applied
to this case and then some cases are classified as follows:

Exec: branch Dest

Dest:instr (not executed)
interrupt

Int: interrupt routine

If the PID value is odd, instruction buffer indicates PID+2 buffer. However, these expressio
in this table are accounted for it. Therefore, the true branch source address is calculated w
BSA and PID values stored in BRSR.

. The branch address before branch occurrence, 1A, has different values due to some kinds
branch.

a. Branch instruction
The branch instruction address
b. Interrupt
The last instruction executed before interrupt
The top address of interrupt routine is stored in BRDR.
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4. BRSR and BRDR have eight pairs of queue structures. The top of queues is read first wh
address stored in the PC trace register is read. BRSR and BRDR share the read pointer.
BRSR and BRDR in order, the queue only shifts after BRDR is read. When reading BRDF
longword access should be used. Also, the PC trace has a trace pointer, which initially po
the bottom of the queues. The first pair of branch addresses will be stored at the bottom ¢
gueues, then push up when next pairs come into the queues. The trace pointer will points
next branch address to be executed, unless it got push out of the queues. When the bran
address has been executed, the trace pointer will shift down to next pair of addresses, un
reaches the bottom of the queues. After switching the PCTE bit (in BRCR) off and on, the
values in the queues are invalid. The read pointer stay at the position before PCTE is swi
but the trace pointer restart at the bottom of the queues.

7.3.7 Usage Examples
Break Condition Specified to a CPU Instruction Fetch Cycle

1. Register specifications

BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300400

Specified conditions: Channel A/channel B independent mode
» Channel A
Address:  H'00000404, Address mask: H'00000000

Bus cycle: CPU/instruction fetch (after instruction execution)/read (operand size is nc
included in the condition)

No ASID check is included

e Channel B
Address: H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is
included in the condition)

No ASID check is included

A user break occurs after an instruction of address H'00000404 is executed or before
instructions of adresses H'00008010 to H'00008016 are executed.
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2. Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequence mode
e Channel A

Address:  H'00037226, Address mask: H'00000000, ASID = H'80

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word
e Channel B

Address:  H'0003722E, Address mask: H'00000000, ASID = H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word

An instruction with ASID = H'80 and address H'00037226 is executed, and a user break oc
before an instruction with ASID = H'70 and address H'0003722E is executed.

3. Register specifications

BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00031415,
BAMRB = H'00000000, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300000

Specified conditions: Channel A/channel B independent mode

e Channel A
Address:  H'00027128, Address mask: H'00000000
Bus cycle: CPUlinstruction fetch (before instruction execution)/write/word
No ASID check is included

« Channel B
Address: H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is n
included in the condition)

No ASID check is included

On channel A, no user break occurs since instruction fetch is not a write cycle. On channel
no user break occurs since instruction fetch is performed for an even address.

176
HITACHI



4. Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequence mode
e Channel A

Address:  H'00037226, Address mask: H'00000000, ASID: H'80

Bus cycle: CPU/instruction fetch (before instruction execution)/write/word
e Channel B

Address:  H'0003722E, Address mask: H'00000000, ASID: H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word

Since instruction fetch is not a write cycle on channel A, a sequence condition does not it
Therefore, no user break occurs.

5. Register specifications

BARA = H'00000500, BAMRA = H'00000000, BBRA = H'0057, BARB = H'00001000,
BAMRB = H'00000000, BBRB = H'0057, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300001, BETR = H'0005

Specified conditions: Channel A/channel B independent mode
e Channel A
Address:  H'00000500, Address mask: H'00000000
Bus cycle: CPUlinstruction fetch (before instruction execution)/read/longword
e Channel B
Address:  H'00001000, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000
Bus cycle: CPUlinstruction fetch (before instruction execution)/read/longword
The number of execution-times break enable (5 times)

On channel A, a user break occurs before an instruction of address H'00000500 is execu
channel B, a user break occurs before the fifth instruction execution after instructions of
address H'00001000 are executed four times.
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6. Register specifications

BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000400, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channel A
Address:  H'00008404, Address mask: H'00000FFF

Bus cycle: CPU/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

e Channel B
Address: H'00008010, Address mask: H'00000006, ASID: H'70
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is n
included in the condition)

A user break occurs after an instruction with ASID = H'80 and address H'00008000 to
H'00008FFE is executed or before instructions with ASID = H'70 and addresses H'000080:
H'00008016 are executed.

Break Condition Specified to a CPU Data Access Cycle

1. Register specifications

BARA = H'00123456, BAMRA = H'00000000, BBRA = H'0064, BARB = H'000ABCDE,
BAMRB = H'000000FF, BBRB = H'006A, BDRB = H'0000A512, BDMRB = H'00000000,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channel A

Address:  H'00123456, Address mask: H'00000000

Bus cycle: CPU/data access/read (operand size is not included in the condition)
e Channel B

Address:  H'000ABCDE, Address mask: H'0O00000FF, ASID: H'70

Data: H'0000A512, Data mask: H'00000000

Bus cycle: CPU/data access/write/word

On channel A, a user break occurs with ASID = H'80 during longword read to address
H'00123454, word read to address H'00123456, or byte read to address H'00123456. On
channel B, a user break occurs with ASID = H'70 when word H'A512 is written in addresse
H'000ABCO00 to H'O00ABCFE.
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Break Condition Specified to a DMAC Data Access Cycle

1. Register specifications:
BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055555,
BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00000078, BDMRB = H'0000000F,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channel A

Address: H'00314156, Address mask: H'00000000, ASID: H'80

Bus cycle: DMAC!/instruction fetch/read (operand size is not included in the condition
e Channel B

Address:  H'00055555, Address mask: H'00000000, ASID: H'70

Data: H'00000078, Data mask: H'0000000F

Bus cycle: DMAC/data access/write/byte

On channel A, no user break occurs since instruction fetch is not performed in DMAC cyc
On channel B, a user break occurs with ASID = H'70 when the DMAC writes byte H'7* in
address H'00055555.

7.3.8 Notes

1. Only CPU can read/write UBC registers.

2. UBC cannot monitor CPU and DMAC access in the same channel.

3. Notes in specification of sequential break are described below:

a. A condition match occurs when B-channel match occurs in a bus cycle after an A-cha
match occurs in another bus cycle in sequential break setting. Therefore, no condition
match occurs even if a bus cycle, in which an A-channel match and a channel B matcl
occur simultaneously, is set.

b. Since the CPU has a pipeline configuration, the pipeline determines the order of an
instruction fetch cycle and a memory cycle. Therefore, when a channel condition matc
in the order of bus cycles, a sequential condition is satisfied.

c. When the bus cycle condition for channel A is specified as a break before execution
(PCBA = 0 in BRCR) and an instruction fetch cycle (in BBRA), the attention is as follo
A break is issued and condition match flags in BRCR are set to 1, when the bus cycle
conditions both for channels A and B match simultaneously.

4. The change of a UBC register value is executed in MA (memory access) stage. Therefor
if the break condition matches in the instruction fetch address following the instruction in
which the pre-execution break is specified as the break condition, no break occurs. In ord
know the timing UBC register is changed, read the last written register. Instructions after
are valid for the newly written register value.
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. The branch instruction should not be executed as soon as PC trace register BRSR and BF
are read.

. When PC breaks and TLB exceptions or errors occur in the same instruction. The priority i
follows:
a. Break and instruction fetch exceptions: Instruction fetch exception occurs first.

b. Break before execution and operand exception: Break before execution occurs first.
c. Break after execution and operand exception: Operand exception occurs first.
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Section 8 Power-Down Modes

8.1 Overview

In the power-down modes, all CPU and some on-chip supporting module functions are halte
This lowers power consumption.

8.1.1 Power-Down Modes

The SH7709A has three power-down modes:

1.
2.
3.

4.

Sleep mode
Standby mode

Module standby function (TMU, RTC, SCI, UBC, DMAC, DAC, SCIF, and IrDA on-chip
supporting modules)

Hardware standby mode

Table 8.1 shows the transition conditions for entering the modes from the program execution
as well as the CPU and supporting module states in each mode and the procedures for canc
each mode.
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Table 8.1 Power-Down Modes

State
CPU On-Chip

Transition Reg- On-Chip Peripheral External  Canceling
Mode Conditions CPG CPU ister Memory Modules Pins Memory Procedure
Sleep Execute SLEEP Runs Halts Held Held Run Held Refresh 1. Interrupt
mode instruction with (Reg- 2 Reset

STBY bit cleared ister: '

to 0 in STBCR held)
Standby Execute SLEEP Halts Halts Held Held Halt*! Held Self- 1. Interrupt
mode |nstruct|9n with _(Reg- refresh 2. Reset

STBY bit set to ister:

1in STBCR held)
Module  Set MSTP bitof Runs Runs Held Held Specified ~ *2 Refresh 1. Clear MSTP
standby STBCRto 1 or module bitto 0
function halts halts 2 Reset
Hardware Drive CA pinlow Halts Halts Held Held Halt*® Held Self- Power-on reset
standby refresh
mode

Notes: 1. The RTC still runs if the START bit in RCR2 is set to 1 (see section 13, Realtime Clock
(RTC)). TMU still runs when output of the RTC is used as input to its counter (see
section 12, Timer (TMU)).

2. Depends on the on-chip supporting module.
TMU external pin: Held
SCI external pin: Reset
3. The RTC still runs if the START bit in RCR2 is set to 1. TMU does not run.

8.1.2 Pin Configuration

Table 8.2 lists the pins used for the power-down modes.
Table 8.2  Pin Configuration

Pin Name Symbol /O  Description

Processing state 1 STATUS1 O Operating state of the processor.

Processing state 0 STATUSO HH: Reset, HL: Sleep mode, LH: Standby mode, LL:
Normal operation

Wakeup from WAKEUP O Low active assert after accepting wakeup interrupt in
standby mode standby mode until returning to normal operation with WDT
overflow

Note: H means high level, and L means low level.
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8.1.3 Register Configuration
Table 8.3 shows the configuration of the control register for the power-down modes.

Table 8.3  Register Configuration

Name Abbreviation R/W Initial Value Address Access Size

Standby control register STBCR R/W H'00* H'FFFFFF82 8

Standby control register 2 STBCR2 R/W H'00* H'FFFFFF88 8

Note: Initialized by power-on resets. This value is not initialized by manual resets but the contents
are held.

8.2 Register Description

8.2.1 Standby Control Register (STBCR)

The standby control register (STBCR) is an 8-bit read/write register that sets the power-dowt
mode. The STBCR is initialized to H'00 by a power-on reset. Always set bits 6-3 to 0 when
writing to the STBCR register.

Bitt 7 6 5 4 3 2 1 0
stBY | — | — | — | — | MSTP2| MSTP1| MSTPO|
Initial value: 0 0 0 0 0 0 0 0
RW:  R/W R R R R RW  RW  RW

Bit 7—Standby (STBY): Specifies transition to standby mode.

Bit 7: STBY Description
0 Executing SLEEP instruction puts the chip into sleep mode. (Initial value)
1 Executing SLEEP instruction puts the chip into standby mode.

Bits 6 to 3—ReservedThese bits are always read as 0. The write value should always be 0.
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Bit 2—Module Standby 2 (MSTP2): Specifies halting the clock supply to the timer unit TMU
(an on-chip supporting module). When the MSTP2 bit is set to 1, the supply of the clock to the
TMU is halted.

Bit 2: MSTP2 Description
0 TMU runs. (Initial value)
1 Clock supply to TMU is halted.

Bit 1—Module Standby 1 (MSTP1):Specifies halting the clock supply to the realtime clock
RTC (an on-chip supporting module). When the MSTP1 bit is set to 1, the supply of the clock
RTC is halted. When the clock halts, all RTC registers become inaccessible, but the counter k
running.

Bit 1: MSTP1 Description
0 RTC runs. (Initial value)
1 Clock supply to RTC is halted.

Bit 0—Module Standby 0 (MSTPO0):Specifies halting the clock supply to the serial
communication interface SCI (an on-chip supporting module). When the MSTPO bit is set to 1
supply of the clock to the SCI is halted.

Bit 0: MSTPO Description
0 SCI operates. (Initial value)
1 Clock supply to SCI is halted.

8.2.2 Standby Control Register 2 (STBCR2)

The standby control register 2 (STBCR2) is a read/write 8-bit register that sets the power-dow
mode. The STBCR2 is initialized to H'00 during a power-on reset.

Bitt 7 6 5 4 3 2 1 0
| — | MDCHG| MSTP8 | MSTP7| MSTP6 | MSTP5 | MSTP4| MSTP3|
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Bit 7—Reserved:This bit is always read as 0. The write value should always be 0.
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Bit 6—Pin MD5 to MDO Control (MDCHG): Specifies whether or not pins MD5 to MDO are
changed in standby mode. When this bit is set to 1, the MD5 to MDO pin values are latched v
returning from standby mode by means of a reset or interrupt.

Bit 6: MDCHG Description
0 Pins MD5 to MDO are not changed in standby mode (Initial value)
1 Pins MD5 to MDO are changed in standby mode

Bit 5— Module Stop 8 (MSTP8):Specifies halting the clock supply to the user break controlle
UBC (an on-chip supporting module). When the MSTP8 bit is set to 1, the supply of the cloc}
the UBC is halted.

Bit 5: MSTP8 Description
0 UBC runs (Initial value)
1 Clock supply to UBC is halted

Bit 4—Module Stop 7 (MSTP7):Specifies halting of clock supply to the DMAC (an on-chip
peripheral module). When the MSTP7 bit is set to 1, the supply of the clock to the DMAC is
halted.

Bit 4: MSTP7 Description
0 DMAC runs (Initial value)
1 Clock supply to DMAC halted

Bit 3—Module Stop 6 (MSTP6):Specifies halting of clock supply to the DAC (an on-chip
peripheral module). When the MSTP6 bit is set to 1, the supply of the clock to the DAC is ha

Bit 3: MSTP6 Description
0 DAC runs (Initial value)
1 Clock supply to DAC halted

Bit 2—Module Stop 5 (MSTP5):Specifies halting of clock supply to the ADC (an on-chip
peripheral module). When the MSTP5 bit is set to 1, the supply of the clock to the ADC is ha

Bit 2: MSTP5 Description
0 ADC runs (Initial value)
1 Clock supply to ADC halted
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Bit 1—Module Stop 4 (MSTP4): Specifies halting the clock supply to the serial communication
interface with FIFO (an on-chip peripheral module). When the MSTP1 bit is set to 1, the suppl
the clock to the SCIF is halted and all registers are initialized.

Bit 1: MSTP4 Description
0 SCIF runs (Initial value)
1 Clock supply to SCIF halted and all registers initialized

Bit 0—Module Stop 3 (MSTP3): Specifies halting the clock supply to the infrared data
association interface with FIFO (an on-chip peripheral module). When the MSTP1 bit is set to
the supply of the clock to the IrDA is halted.

Bit 0: MSTP3 Description
0 IrDA runs (Initial value)
1 Clock supply to IrDA halted

8.3 Sleep Mode

8.3.1 Transition to Sleep Mode

Executing the SLEEP instruction when the STBY bit in STBCR is 0 causes a transition from tt
program execution state to sleep mode. Although the CPU halts immediately after executing t
SLEEP instruction, the contents of its internal registers remain unchanged. The on-chip suppc
modules continue to run during sleep mode and the clock continues to be output to the CKIO
In sleep mode, the STATUSL pin is set high and the STATUSO pin low.

8.3.2 Canceling Sleep Mode

Sleep mode is canceled by an interrupt (NMI, IRQ, IRL, on-chip supporting module, PINT) or
reset. Interrupts are accepted during sleep mode even when the BL bit in the SR register is 1.
necessary, save SPC and SSR in the stack before executing the SLEEP instruction.

Canceling with an Interrupt: When an NMI, IRQ, IRL or on-chip supporting module or PINT
interrupt occurs, sleep mode is canceled and interrupt exception processing is executed. A co
indicating the interrupt source is set in the INTEVT and INTEVT2 registers.

Canceling with a ResetSleep mode is canceled by a power-on reset or a manual reset.
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8.4 Standby Mode

8.4.1 Transition to Standby Mode

To enter standby mode, set the STBY bit to 1 in STBCR, then execute the SLEEP instructior
chip moves from the program execution state to standby mode. In standby mode, power
consumption is greatly reduced by halting not only the CPU, but the clock and on-chip suppc
modules as well. The clock output from the CKIO pin also halts. CPU and cache register con
are held, but some on-chip supporting modules are initialized. Table 8.4 lists the states of re
in standby mode.

Table 8.4 Register States in Standby Mode

Module Registers Initialized Registers Retaining Data
Interrupt controller (INTC) — All registers

On-chip clock pulse generator (CPG) — All registers

User Break controller (UBC) — All registers

Bus state controller (BSC) — All registers

Timer unit (TMU) TSTR register Registers other than TSTR
Realtime clock (RTC) — All registers

A/D converter (ADC) All registers —

D/A converter (DAC) — All registers

The procedure for moving to standby mode is as follows:

1. Clear the TME bit in the WDT’s timer control register (WTCSR) to 0 to stop the WDT. Set
WDT'’s timer counter (WTCNT) and the CKS2—CKSO0 bits of the WTCSR register to
appropriate values to secure the specified oscillation settling time.

2. When PLL circuit 1 is running in clock modes 3, 4, clear the PSTBY and PLLEN bits in th
frequency control register (FRQCR) to 0 to stop PLL circuit 1.

3. After the STBY bit in the STBCR register is set to 1, a SLEEP instruction is executed.

4. Standby mode is entered and the clocks within the chip are halted. The STATUSL1 pin ou
goes low and the STATUSO pin output goes high.
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8.4.2 Canceling Standby Mode

Standby mode is canceled by an interrupt (NMI, IRQ, IRL, PINT, or on-chip supporting moduls
or a reset.

Canceling with an Interrupt: The on-chip WDT can be used for hot starts. When the chip dete
an NMI, IRL, IRQ, PINT;! or on-chip supporting module (except the interval tifdeinterrupt,

the clock will be supplied to the entire chip and standby mode canceled after the time set in th
WDT'’s timer control/status register has elapsed. The STATUS1 and STATUSO pins both go Ic
Interrupt processing then begins and a code indicating the interrupt source is set in the INTEV
and INTEVT2 registers. After branching to the interrupt processing routine occurs, clear the
STBY bit in the STBCR register. The WTCNT stops automatically. If the STBY bit is not cleare
WTCNT continues operation and transits to the standby Maudeen it reaches H'80. This
function prevents the data from being destroyed due to a rising voltage under an unstable pov
supply. Interrupts are accepted during standby mode even when the BL bit in the SR register
If necessary, save SPC and SSR in the stack before executing the SLEEP instruction. Immed
after an interrupt is detected, the phase of the clock output of the CKIO pin may be unstable, |
the processor starts interrupt processing. (The canceling condition is that the IRL3—IRLO level
higher than the mask level in the 13—10 bits in the SR register.)

Notes: 1. When the RTC is being used, standby mode can be cancelefRUSHRLO, IRQ4—
IRQO or PINTO/1.
2. Standby mode can be canceled with an RTC or TMU (only when running on the RT
clock) interrupt.
3. Standby mode can be canceled only by power-on resets.

Interrupt WDT overflow and branch to
request interrupt handling routine
Crystal oscillator settling Clear bit STBCR.STBY before
time and PLL synchronization WTCNT reaches H'80. When
time STBCR.STBY is cleared, WTCNT
WTCNT value \ 4 halts automatically.
A < P> < >

HFF

H'80

P Time

Figure 8.1 Canceling Standby Mode with STBCR.STBY
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Canceling with a ResetStandby mode can be canceled with a reset (power-on or manual). K
the RESETP pin andRESETM pin low until the clock oscillation settles. The internal clock will
continue to be output to the CKIO pin.

8.4.3 Clock Pause Function

In standby mode, the clock input from the EXTAL pin or CKIO pin can be halted and the
frequency can be changed. This function is used as follows:

1.
2.

Enter standby mode using the appropriate procedures.

Once standby mode is entered and the clock stopped within the chip, the STATUS1 pin ¢
is low and the STATUSO pin output is high.

Once the STATUS1 pin goes low and the STATUSO pin goes high, the input clock is stog
or the frequency is changed.

When the frequency is changed, an NRL,, IRQ, PINT or on-chip supporting module
(except the internal timer) interrupt is input after the change. When the clock is stopped, t
same interrupts are input after the clock is applied.

After the time set in the WDT has elapsed, the clock starts being applied internally within
chip, the STATUS1-STATUSO pins both go low, interrupts are handled, and operation
resumes.
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8.5

8.5.1

Module Standby Function

Transition to Module Standby Function

Setting the standby control register MSTP8—MSTPO bits to 1 halts the supply of clocks to the
corresponding on-chip supporting modules. This function can be used to reduce the power
consumption in sleep mode. The module standby function holds the state prior to halt of the
external pins of the on-chip supporting modules. TMU external pins hold their state prior to the
halt. SCI external pins go to the reset state. With a few exceptions, all registers hold their valu

Bit Value Description
MSTP8 0 UBC runs.
1 Supply of clock to UBC halted.
MSTP7 0 DMAC runs.
1 Supply of clock to DMAC halted.
MSTP6 0 DAC runs.
1 Supply of clock to DAC halted.
MSTPS 0 ADC runs.
1 Supply of clock to ADC halted, and all registers initialized.
MSTP4 0 SCIF runs.
1 Supply of clock to SCIF halted.
MSTP3 0 IRDA runs.
1 Supply of clock to IRDA halted.
MSTP2 0 TMU runs.
1 Supply of clock to TMU halted. Registers initialized. ™
MSTP1 0 RTC runs.
1 Supply of clock to RTC halted. Register access prohibited."?
MSTPO 0 SClI runs.
1 Supply of clock to SCI halted.

Notes: 1. The registers initialized are the same as in the standby mode (table 8.4).

8.5.2

2. The counter runs.

Clearing the Module Standby Function

The module standby function can be cleared by clearing the MSTP8-MSTPO bits to 0, or by a
power-on reset or manual reset.
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8.6 Timing of STATUS Pin Changes

The timing of STATUS1 and STATUSO pin changes is shown in figures 8.2 through 8.10.

8.6.1 Timing for Resets

Power-On Reset (Clock Modes 0, 1, 2, and 7):

ckio LML L M I L L LT

—> I |
'PLL settling } }
. | time } }
RESETP ! ! }
| | |
I i
|
STATUS Normal ‘ ! Reset Normal
X 3 A
| | | |
I 1 | | !
RESETOUT \ | \
i
0to 5 Beyc 0 to 30 Becyc

Note: Reset: HH (STATUSL1 high, STATUSO high)
Normal: LL (STATUSL1 low, STATUSO low)
Bcyc:  Bus clock cycle

Figure 8.2 Power-On Reset (Clock Modes 0, 1, 2, and 7) STATUS Output
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Power-On Reset (Clock Modes 3 and 4):

| | | |
RESETP j i j i
| | | |
| | | |
STATUS Normal | \ | Reset ‘ Normal
- A
| | | |
SR — | *
RESETOUT ! ! | |
— - -
0to 5 Beyc 0 to 30 Becyc

Note: Reset: HH (STATUSLI high, STATUSO high)
Normal: LL (STATUSL1 low, STATUSO low)
Becyc:  Bus clock cycle

Figure 8.3 Power-On Reset (Clock Modes 3 and 4) STATUS Output

Manual Reset:

| | | |
RESETM j i j

| | | |

| | | |
STATUS Normal | \ | Reset ‘ Normal

HD S A

I |

RESETOUT | ! | |
| | | |
> e >
0 Bcyc or more* 0 to 30 Beyc

Note: * During manual reset, STATUS becomes HH (reset) and the internal
reset begins after waiting for the executing bus cycle to end.

Reset: HH (STATUSL high, STATUSO high)
Normal: LL (STATUSL1 low, STATUSO low)
Bcyc:  Bus clock cycle

Figure 8.4 Manual Reset STATUS Output
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8.6.2 Timing for Canceling Standbys

Standby to Interrupt:

Oscillation stops Interrupt request WDT overflow

ckio _[ L[ LI l WE_JW

WDT count

|
|
i
>< Normal

STATUS Normal >< Standby

WAKEUP

Note: Standby: LH (STATUS1 low, STATUSO high)
Normal: LL (STATUS1 low, STATUSO low)

Figure 8.5 Standby to Interrupt STATUS Output

Standby to Power-On Reset:

Oscillation stops  Reset

ckio LI LI l www

T
| ! |
| ! |
RESETP'L | L | |
| |
| - | i
| ! 1 |
STATUS Normal X Standby X *2 ) Reset | XNormaI
| at —
0 to 10 Beyc 0 to 30 Beyc

Notes: 1. When standby mode is cleared with a power-on reset, the WDT does not
count. Keep RESETP low during the PLLs oscillation settling time.
2. Undefined

Reset: HH (STATUSL high, STATUSO high)
Standby: LH (STATUSL1 low, STATUSO high)
Normal: LL (STATUSL1 low, STATUSO low)
Beyc: Bus clock cycle

Figure 8.6 Standby to Power-On Reset STATUS Output
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Standby to Manual Reset:

Oscillation stops Reset

CKIO _l_\_l_\_l_ll lI'I'I'I'I'I'I'I'I'ﬁ'l'l Mwﬁ_l_\_’_\_l_\_l

| |
| |
RESETM* | | i i
| |
| |

STATUS Normal >< Standby >:< Reset : Normal
| 0 to 20 Beyc ‘

Note: * When standby mode is cleared with a manual reset, the WDT does not count.
Keep RESETM low during the PLLs oscillation settling time.

Reset:  HH (STATUS1 high, STATUSO high)
Standby: LH (STATUS1 low, STATUSO high)
Normal: LL (STATUSL1 low, STATUSO low)
Bcyc: Bus clock cycle

Figure 8.7 Standby to Manual Reset STATUS Output

8.6.3 Timing for Canceling Sleep Mode

Sleep to Interrupt:

Interrupt request

Note: Sleep: HL (STATUSL1 high, STATUSO low)
Normal: LL (STATUS1 low, STATUSO low)

Figure 8.8 Sleep to Interrupt STATUS Output
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Sleep to Power-On Reset:

Reset

|
ckio LI LML L L T L L

| |

| ! |

RESETP' | L | |

|
| o i |
| | | ‘ }
STATUS  Normal X Sleep : Reset | X Normal

| — —

0to 10 Becyc 0 to 30 Becyc

Notes: 1. When the PLL1’s multiplication ratio is changed by a power-on reset,
keep RESETP low during the PLLs oscillation settling time.
2. Undefined

Reset: HH (STATUS1 high, STATUSO high)
Sleep: HL (STATUSL1 high, STATUSO low)
Normal: LL (STATUS1 low, STATUSO low)
Bcyc:  Bus clock cycle

Figure 8.9 Sleep to Power-On Reset STATUS Output

Sleep to Manual Reset:

RESETM*

STATUS Normal >K
|
|

0 to 80 Beyc 0 to 30 Beyc

Note: * Keep RESETM low until STATUS becomes reset.

Reset: HH (STATUS1 high, STATUSO high)
Sleep: HL (STATUSL1 high, STATUSO low)
Normal: LL (STATUS1 low, STATUSO low)
Bcyc:  Bus clock cycle

Figure 8.10 Sleep to Manual Reset STATUS Output
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8.7 Hardware Standby Function

8.7.1 Transition to Hardware Standby Mode

Driving the CA pin low causes a transition to hardware standby mode. In hardware standby m
all modules except those operating on an RTC clock are halted, as in the standby mode enter
execution of a SLEEP instruction ((software) standby mode).

Hardware standby mode differs from (software) standby mode as follows.

1. Interrupts and manual resets are not accepted.
2. The TMU does not operate.

Operation when a low-level signal is input at the CA pin depends on the CPG state, as follows

1. In standby mode

The clock remains stopped and the chip enters the hardware standby state. Acceptance o
interrupts and manual resets is disabled, TCLK output is fixed low, and the TMU halts.

2. During WDT operation when standby mode is canceled by an interrupt

The chip enters hardware standby mode after standby mode is canceled and the CPU resit
operation.

3. In sleep mode

The chip enters hardware standby mode after sleep mode is canceled and the CPU resum
operation.

4. During PLL standby (see section 9.6 for the PLL standby function)
The chip enters hardware standby mode after the PLL turned off.

Hold the CA pin low in hardware standby mode.
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8.7.2 Canceling Hardware Standby Mode
Hardware standby mode can only be canceled by a power-on reset.

When the CA pin is driven high while tlRESETP pin is low, clock oscillation is started. Hold
the RESETP pin low until clock oscillation stabilizes. When tRESETP pin is driven high, the
CPU begins power-on reset processing.

If an interrupt or manual reset is input, correct operation cannot be guaranteed.

8.7.3 Hardware Standby Mode Timing
Figures 8.10 and 8.11 show examples of pin timing in hardware standby mode.

The CA pin is sampled using EXTALZ2 (32.768 kHz), and a hardware standby request is only
recognized when the pin is low for two consecutive clock cycles.

The CA pin must be held low while the chip is in hardware standby mode.

Clock oscillation starts when the CA pin is driven high afteRESETP pin is driven low.

Rcyc: EXTAL2 (32.768 kHz) cycle

—
~

|
|
CKIO NENRRERRNENENRNRNRNRER NEIRERERRNENENENENNN
\ [(§ \
| |
| |
cA 1 1 ;}
f t 1 |
— | | o
RESETP i m | |
| |
| | -
|
|
STATUS i normal : standby >:<Undefine(>< reset
> - Da—
2 Rcyc or more 0-10Bcyc

Note: Reset: HH (STATUS1 high, STATUSO high)
Standby: LH (STATUS1 low, STATUSO high)
Normal: LL (STATUSL1 low, STATUSO low)
Bcyc: Bus clock cycle
Rcyc: EXTAL2 (32.768 kHz) cycle

Figure 8.11 Hardware Standby Mode
(When CA Goes Low in Normal Operation)
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|
| |
CKIO HIRRNRNNRENRNNRENREN ) [T
| | ( |
| | | |
o : :
CA ] | | | ;
‘ ‘ : ! |
- i -
RESETP | | m | |
} | | | |
. : S
|
] | \ [ !
STATUS Stangby X Normal X Standby ; Undeflne% Reset
) 3 —
|
WDT operation } 0-10 Beye
. L
e >
2 Rcyc or more
Note: Reset: HH (STATUSL high, STATUSO high)
Standby: LH (STATUSL1 low, STATUSO high)
Normal: LL (STATUS1 low, STATUSO low)
Beyc: Bus clock cycle
Rcyc: EXTAL2 (32.768 kHz) cycle
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Section 9 On-Chip Oscillation Circuits

9.1 Overview

The on-chip oscillation circuits consist of a clock pulse generator (CPG) block and a watchdc
timer (WDT) block.

The CPG supplies all clocks to the processor and controls the power-down modes. The WD
single-channel timer that counts the clock settling time and is used when clearing standby m
and temporary standbys, such as frequency changes. It can also be used as an ordinary wat
timer or interval timer.

9.1.1 Features

The CPG has the following features:

L]

Six clock modes: Selection of six clock modes for different frequency ranges, power
consumption, direct crystal input, and external clock input.

Three clocks generated independently: An internal clock for the CPU, cache, andp)iLeB (|
peripheral clock () for the on-chip supporting modules; and a bus clock (CKIO) for the
external bus interface.

Frequency change function: Internal and peripheral clock frequencies can be changed
independently using the PLL circuit and divider circuit within the CPG. Frequencies are
changed by software using frequency control register (FRQCR) settings.

PLL on/off function: Power consumption can be decreased by stopping the PLL circuit wh
operating at low frequencies.

Power-down mode control: The clock can be stopped for sleep mode and standby mode
specific modules can be stopped using the module standby function.

The WDT has the following features:

Can be used to ensure the clock settling time: Use the WDT to cancel standby mode and
temporary standbys which occur when the clock frequency is changed.

Can switch between watchdog timer mode and interval timer mode.

Generates internal resets in watchdog timer mode: Internal resets occur after counter ove
Selection of power-on reset or manual reset.

Generates interrupts in interval timer mode: Internal timer interrupts occur after counter
overflow.

Selection of eight counter input clocks. Eight clocks {0%1/4096) can be obtained by
dividing the peripheral clock.
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9.2

9.2.1

Overview of the CPG

CPG Block Diagram

A block diagram of the on-chip clock pulse generator is shown in figure 9.1.

Clock pulse generator

cAP1 [X] |
_ |(3th 02'“5;“ 41 | Divider 1
6o) <11
CKIO |Z ] ) . x 1/2 _>_+Internal
~ x 1/3 F»| | clock (19)
Cycle = Beyc x 1/4 > Cycle =Icyc
caP2 [X x 1/6 7>
Divider 2
Crystal o
XTAL & oscillator w o o PLL circuit 2 x1 1 .
i *» (x 1, 4) x 1/2 _>__>Per|pheral
EXTAL & P > x 1/3 clock (Pg)
x 1/4 | | Cycle = Pcyc
x 1/6 ¥
A 7Y
CPG control unit
v
.| Clock frequency |« » Standby control . Standby
mp2 [ control circuit circuit " control
mp1 [X] T T
mMDo [X] FRQCR STBCR
/Y A
\ 4 A 4
< Bus interface >
i
A
Internal bus
Legend:

FRQCR: Frequency control register
STBCR: Standby control register
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The clock pulse generator blocks function as follows:

1.

PLL Circuit 1: PLL circuit 1 doubles, triples, quadruples, sextuples, octuples, or leaves

unchanged the input clock frequency from the CKIO terminal. The multiplication rate is se
the frequency control register. When this is done, the phase of the leading edge of the int
clock is controlled so that it will agree with the phase of the leading edge of the CKIO pin.

PLL Circuit 2: PLL circuit 2 leaves unchanged or quadruples the frequency of the crystal
oscillator or the input clock frequency coming from the EXTAL pin. The multiplication ratic
fixed by the clock operation mode. The clock operation mode is set by pins MDO, MD1, al
MD2. See table 9.3 for more information on clock operation modes.

Crystal Oscillator: This oscillator is used when a crystal oscillator element is connected tc
XTAL and EXTAL pins. It operates according to the clock operating mode setting.

Divider 1: Divider 1 generates a clock at the operating frequency used by the internal cloc
The operating frequency can be 1, 1/2, 1/3, 1/4, or 1/6 times the output frequency of PLL
circuit 1, as long as it stays at or above the clock frequency of the CKIO pin. The division
is set in the frequency control register.

Divider 2: Divider 2 generates a clock at the operating frequency used by the peripheral
The operating frequencies can be 1, 1/2, 1/3, 1/4, or 1/6 times the output frequency of PL
Circuit 1 or the clock frequency of the CKIO pin, as long as it stays at or below the clock
frequency of the CKIO pin. The division ratio is set in the frequency control register.
Clock Frequency Control Circuit: The clock frequency control circuit controls the clock
frequency using the MD pin and the frequency control register.

Standby Control Circuit: The standby control circuit controls the state of the clock pulse
generator and other modules during clock switching and sleep/standby modes.
Frequency Control Register: The frequency control register has control bits assigned for t
following functions: clock output/non-output from the CKIO pin, on/off control of PLL circu
1, PLL standby, the frequency multiplication ratio of PLL 1, and the frequency division rati
of the internal clock and the peripheral clock.

Standby Control Register: The standby control register has bits for controlling the power-
modes. See section 8, Power-Down Modes, for more information.
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9.2.2 CPG Pin Configuration
Table 9.1 lists the CPG pins and their functions.

Table 9.1 Clock Pulse Generator Pins and Functions

Pin Name Symbol /O Description
Mode control MDO I Set the clock operating mode.
pins MD1 !

MD2 I

Crystal I/O pins XTAL O  Connects a crystal oscillator.

(clock input pins)

EXTAL I Connects a crystal oscillator. Also used to input an external
clock.
Clock 1/0 pin CKIO I/O Inputs or outputs an external clock. Level can be fixed during
output.
Capacitor CAP1 Connects capacitor for PLL circuit 1 operation (recommended
connection pins value 470 pF).
for PLL CAP2 Connects capacitor for PLL circuit 2 operation (recommended

value 470 pF).

9.2.3 CPG Register Configuration
Table 9.2 shows the CPG register configuration.

Table 9.2  Register Configuration

Initial
Register Name Abbreviation R/W Value Address Access Size
Frequency control register FRQCR R/W  H'0102 H'FFFFFF80 16
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9.3 Clock Operating Modes

Table 9.3 shows the relationship between the mode control pin (MD2-MDO0) combinations ar
clock operating modes. Table 9.4 shows the usable frequency ranges in the clock operating

Table 9.3  Clock Operating Modes

Pin Values Clock /O PLL2 PLL1 Divider 1 Divider 2 CKIO
ModeMD2MD1MDO Source Output On/Off On/Off Input Input Frequency

0 0 O 0 EXTAL CKIO On, On PLL1 PLL1 (EXTAL)

multi- output
plication
ratio: 1
1 0O 0 1 EXTAL CKIO On, On PLL1 PLL1 (EXTAL) x 4
multi- output
plication
ratio: 4
2 0O 1 0O Crystal CKIO On, On PLL1 PLL1 (Crystal) x4
oscillator multi- output
plication
ratio: 4

3 o 1 1 EXTAL CKIO On, Off PLL2 PLL2 (EXTAL) x 1
multi-  (initial  output
plication value)

ratio: 1
On PLL1
output
4 1 0 O Crystal CKIO On, Off PLL2 PLL2 (Crystal) x 1
oscillator multi-  (initial output
plication value)
ratio: 1
On PLL1
output
7 1 1 1 CKIO - Off On PLL1 PLL1 (CKIO)
output

Mode 0: An external clock is input from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside this LSI. PLL circuit 1 is constantly on, and there a
frequency range restrictions compared to mode 3. An input clock frequency of 20 MHz to 66.
MHz can be used, and the CKIO frequency range is 20 MHz to 66.67 MHz.
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Mode 1: An external clock is input from the EXTAL pin and its frequency is multiplied by 4 by
PLL circuit 2 before being supplied inside this LSI, allowing a low-frequency external clock to |
used. An input clock frequency of 5 MHz to 16.67 MHz can be used, and the CKIO frequency
range is 20 MHz to 66.67 MHz.

Mode 2: The on-chip crystal oscillator operates, with the oscillation frequency being multiplied
4 by PLL circuit 2 before being supplied inside this LSI, allowing a low crystal frequency to be
used. A crystal oscillation frequency of 5 MHz to 16.67 MHz can be used, and the CKIO
frequency range is 20 MHz to 66.67 MHz.

Mode 3: An external clock is input from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside this LSI. PLL circuit 1 is off in the default state at
power-on reset, and PLL circuit 1 can be selected as on or off, enabling power consumption t
kept lower than in mode 0. An input clock frequency of 16 MHz to 33.34 MHz can be used, an
the CKIO frequency range is 16 MHz to 33.34 MHz.

Mode 4: The on-chip crystal oscillator operates, with its output supplied inside this LS| as a
square waveform by PLL circuit 2. PLL circuit 1 is off in the default state at power-on reset, an
PLL circuit 1 can be selected as on or off, enabling power consumption to be reduced accordi
A crystal oscillation frequency of 16 MHz to 33.34 MHz can be used, and the CKIO frequency
range is 16 MHz to 33.34 MHz.

Mode 7: In this mode, the CKIO pin is an input, an external clock is input to this pin, and
undergoes waveform shaping, and also frequency multiplication according to the setting, by P
circuit 1 before being supplied to this LSI. In modes 0 to 4, the system clock is generated fror
output of this LSI's CKIO pin. Consequently, if a large number of ICs are operating on the cloc
cycle, the CKIO pin load will be large. This mode, however, assumes a comparatively large-s
system. If a large number of ICs are operating on the clock cycle, a clock generator with a nur
of low-skew clock outputs can be provided, so that the ICs can operate synchronously by
distributing the clocks to each one.

As PLL circuit 1 compensates for fluctuations in the CKIO pin load, this mode is suitable for
connection of synchronous DRAM.

204
HITACHI



Table 9.4

Available Combination of Clock Mode and FRQCR Values

Clock Clock Rate* Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

0 H'0100 ON(x1) ON(x1) 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0101 ON(x1) ON(x1) 1:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0102 ON(x1) ON(x1) 1:1:1/4 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0111 ON(x2) ON(x1) 2:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0112 ON(x2) ON(x1) 2:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0115 ON(x2) ON(x1) 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0116 ON(x2) ON(x1) 1:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0122 ON(x4) ON(x1) 4:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0126 ON(x4) ON(x1) 2:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'012A ON(x4) ON(x1) 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'A100 ON (x3) ON(x1) 3:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'A101 ON(x3) ON(x1) 3:1:1/2 25 MHz to 44.44 MHz 25 MHz to 44.44 MHz
H'E100 ON (x3) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
HE101 ON(x3) ON(x1) 1:1:1/2 25 MHz to 44.44 MHz 25 MHz to 44.44 MHz
H'A111 ON(x6) ON(x1) 6:1:1 20 MHz t0 22.22 MHz 20 MHz to 22.22 MHz

1,2 H'0100 ON(x1) ON(x4) 4:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'0101 ON(x1) ON(x4) 4:4:2 5 MHz to 16.6 MHz 20 MHz to 16.6 MHz
H'0102 ON(x1) ON(x4) 4:4:1 5 MHz to 16.6 MHz 20 MHz to 16.6 MHz
H'0111 ON(x2) ON(x4) 8:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'0112 ON(x2) ON(x4) 8:4:2 5 MHz to 16.67 MHz 20 MHz to 66.67 MHz
H'0115 ON(x2) ON(x4) 4:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'0116 ON (x2) ON(x4) 4:4:2 5 MHz to 16.67 MHz 20 MHz to 66.67 MHz
H'0122 ON(x4) ON(x4) 16:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'0126 ON (x4) ON(x4) 8:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'012A ON(x4) ON(x4) 4:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'A100 ON (x3) ON(x4) 12:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'A101 ON(x3) ON(x4) 12:4:2 5MHz to 11.11 MHz 20 MHz to 44.44 MHz
H'E100 ON(x3) ON(x4) 4:4:4 5 MHz to 8.34 MHz 20 MHz to 33.34 MHz
H'E101 ON(x3) ON(x4) 4:4:2 5MHz to 11.11 MHz 20 MHz to 44.44 MHz
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Table 9.4  Available Combination of Clock Mode and FRQCR Values (cont)

Clock Clock Rate* Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

3,4 H'0100 OFF ON(x1) 111 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'0101 OFF ON (x1) 1:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'0102 OFF ON (x1) 1:1:1/4 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01DO ON (x2) ON(x1) 2:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01D1 ON(x2) ON(x1) 2:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01D2 ON(x2) ON(x1) 2:1:1/4 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01D4 ON(x2) ON(x1) 1:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01D5 ON (x2) ON(x1) 1:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01D6 ON (x2) ON(x1) 1:1:1/4 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'81CO ON(x3) ON(x1) 3:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'81C1 ON(x3) ON(x1) 3:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'C1CO ON(x3) ON(x1) 111 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'C1C1 ON(x3) ON(x1) 1:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
HO1EO ON(x4) ON(x1) 4:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01E1 ON(x4) ON(x1) 4:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
HO01E4 ON(x4) ON(x1) 2:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01E5 ON (x4) ON(x1) 2:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'O1E6 ON (x4) ON(x1) 2:1:1/4 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'01E8 ON (x4) ON(x1) 1:1:1 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'O01E9 ON(x4) ON(x1) 1:1:1/2 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
H'O1EA ON (x4) ON(x1) 1:1:1/4 16 MHz to 33.34 MHz 16 MHz to 33.34 MHz
HO01F0O ON(x8) ON(x1) 8:1:1 16 MHz to 16.67 MHz 16 MHz to 16.67 MHz
H'81D0 ON (x6) ON(x1) 6:1:1 16 MHz to 22.22 MHz 16 MHz to 22.22 MHz

7 H'0100 ON (x1) OFF 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0101 ON (x1) OFF 1:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0102 ON (x1) OFF 1:1:1/4 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0111 ON (x2) OFF 2:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0112 ON (x2) OFF 2:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0115 ON (x2) OFF 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0116 ON (x2) OFF 1:1:1/2 20 MHz to 66.67 MHz 20 MHz to 66.67 MHz
H'0122 ON (x4) OFF 4:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'0126 ON (x4) OFF 2:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
H'012A ON (x4) OFF 1:1:1 20 MHz to 33.34 MHz 20 MHz to 33.34 MHz
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Table 9.4  Available Combination of Clock Mode and FRQCR Values (cont)

Clock Clock Rate* Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

7 H'A100 ON (x3) OFF 3:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
H'E100 ON (x3) OFF 1:1:1 25 MHz to 33.34 MHz 25 MHz to 33.34 MHz
HE101 ON (x3) OFF 1:1:1/2 25 MHz to 44.44 MHz 25 MHz to 44.44 MHz
H'A111 ON (x6) OFF 6:1:1 20 MHz to 22.22 MHz 20 MHz to 22.22 MHz

Max. frequency: lg = 133.34 MHz, Bg (CKIO) = 66.67 MHz, P = 33.34 MHz
Note: * Taking input clock as 1

Cautions:

1. When clock operating modes 3, 4 are used:
« The on/off state of PLL circuit 1 is set by the frequency control register.
e PLL circuit 1 is initialized to the off state by a power-on reset.
e Always turn PLL circuit 1 off before going into standby mode.
2. The input to divider 1 becomes the output of:
e PLL circuit 1 when PLL circuit 1 is on.
e PLL circuit 2 when PLL circuit 1 is off and PLL circuit 2 is on.
3. The input of divider 2 becomes the output of:
e PLL circuit 1 when the clock operating mode is 0-2 or 7.
e PLL circuit 2 when the clock operating mode is 3, 4 and PLL circuit 2 is on.
4. The frequency of the internal clockp(lbecomes:

¢ The product of the frequency of the CKIO pin, the frequency multiplication ratio of
PLL circuit 1, and the division ratio of divider 1 when PLL circuit 1 is on.

« Equal to the frequency of CKIO pin when PLL circuit 1 is off.
« Do not set the internal clock frequency lower than the CKIO pin frequency.
5. The frequency of the peripheral cloclkp(Pecomes:
e The product of the frequency of the CKIO pin, the frequency multiplication ratio of
PLL circuit 1, and the division ratio of divider 2 when the clock operating mode is 0.
or7.
e The product of the frequency of the CKIO pin and the division ratio of divider 2 whe
the clock operating mode is 3, 4.
* The peripheral clock frequency should not be set higher than the frequency of the (
pin, higher than 33 MHz, or lower than 1/8 the internal clogk (I
6. The output frequency of PLL circuit 1 is the product of the CKIO frequency and the
multiplication ratio of PLL circuit 1. This frequency should be equal to or lower than 133
MHz.
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7. x1,x2,%x3,%x4,x6, 0orx 8 can be used as the multiplication ratio of PLL circuit 1, x 1/2,
x 1/3, x 1/4, andx 1/6 can be selected as the division ratios of dividers 1 and 2. Set the rate
the frequency control register. The on/off state of PLL circuit 2 is determined by the mode.

9.4 Register Descriptions

94.1 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-bit read/write register used to specify whethel
clock is output from the CKIO pin, the on/off state of PLL circuit 1, PLL standby, the frequency
multiplication ratio of PLL circuit 1, and the frequency division ratio of the internal clock and th
peripheral clock.

Only word access can be used on the FRQCR register. FRQCR is initialized to H'0102 by a
power-on reset, but retains its value in a manual reset and in standby mode.

Bitt 15 14 13 12 11 10 9 8
\ STC2 \ IFC2 \ PFC2 \ — \ — \ — ‘SLPFRQ‘ CKOEN‘
Initial value: 0 0 0 0 0 0 0 1
RW: RW  RW  RW R R R RW  RW
Bitt 7 6 5 4 3 2 1 0
| PLLEN | PSTBY| STC1 | STco | IFC1 | IFCO | PFC1 | PFCO |
Initial value: 0 0 0 0 0 0 1 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15, 5, and 4—Frequency Multiplication Ratio (STC2 to STCO)These bits specify the
frequency multiplication ratio of PLL circuit 1.

Bit 15: STC2 Bit 5: STC1 Bit 4: STCO Description

0 x1 (Initial value)
1 x 2
0 x3
0 x 4
1
1

X 6
1 x 8
Note: Do not set the output frequency of PLL circuit 1 higher than 133 MHz.

0 0
0 0
1 0
0 1
1 0
0
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Bits 14, 3, and 2—Internal Clock Frequency Division Ratio (IFC2 to IFC0)These bits
specify the frequency division ratio of the internal clock with respect to the output frequency
PLL circuit 1. When PLL circuit 1 is off or in standby mode, sé&t

Bit 14: IFC2 Bit 3: IFC1 Bit 2: IFCO Description

0 0 0 x1 (Initial value)
0 0 1 x 1/2

1 0 0 x 1/3

0 1 0 x1/4

Note: Do not set the internal clock frequency lower than the CKIO frequency.

Bits 13, 1, and 0—Peripheral Clock Frequency Division Ratio (PFC2 to PFCQOJhese bits
specify the division ratio of the peripheral clock frequency with respect to the frequency of th
output frequency of PLL circuit 1 or the frequency of the CKIO pin.

Bit 13: PFC2 Bit 1: PFC1 Bit 0: PFCO Description

0 0 0 x1

0 0 1 x 1/2

1 0 0 x 1/3

0 1 0 x 1/4

1 0 1 x1/6  (Initial value)

Note: Do not set the peripheral clock frequency higher than the frequency of the CKIO pin.

Bits 12 to 10—ReservedThese bits are always read as 0. The write value should always be (

Bit 9—Divide Ratio of the External Bus Clock in the Sleep Mode (SLPFRQ)SLPFRQ
specifies the divide ratio of the external bus clock in the sleep mode in clock modes 3to 7. T
clock frequency output from the CKIO is not changed. Since the memory refresh cycle is fixe
the bus state controller, the RTSCR register or other setting needs not to be changed.

Bit 9: SLPFRQ Description
0 External bus clock is not changed in the sleep mode. (Initial value)
1 External bus clock is multiplied by 1/4 in the sleep mode.
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Bit 8—Clock Output Enable (CKOEN): Specifies to output a clock from the CKIO pin or to fix
the CKIO pin low in clock operating mode 3 and 4. Even when the level is fixed, the SH7709A
will operate internally at the frequency before the level was fixed. Set this bit to 1 in clock
operating modes 0-2. In case of clock operating mode 7, the CKIO pin becomes an input pin
irrespective of the value of this bit.

Bit 8: CKOEN Description
0 Fixes the CKIO pin low.
1 Outputs a clock from the CKIO pin. (Initial value)

Bit 7—PLL Circuit Enable (PLLEN): Specifies the on/off state of PLL circuit 1. This bit is
valid in clock operating modes 3 and 4. PLL circuit 1 goes on when the clock operating mode
0-2 or 7 irrespective of the value of PLLEN.

Bit 7: PLLEN Description
0 PLL circuit 1 is not used. (Initial value)
1 PLL circuit 1 is used.

Bit 6—PLL Standby (PSTBY): Specifies PLL standby. When PLL standby is active, PLL circui
1 will be in standby mode at the frequency specified by the STC bit. This function is valid in cl
operating modes 3 and 4.

Bit 6: PSTBY Description

0 PLL is not in standby mode. (Initial value)
1 PLL is in standby mode.
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9.5 Changing the Frequency

The frequency of the internal clock and peripheral clock can be changed either by changing
multiplication rate of PLL circuit 1 or by changing the division rates of dividers 1 and 2. All of
these are controlled by software through the frequency control register. The methods are de:
below. In modes 3, 4 the frequency can also be changed by turning PLL circuit 1 on and off,
described in section 9.6, PLL Standby Function.

951 Changing the Multiplication Rate

A PLL settling time is required when the multiplication rate of PLL circuit 1 is changed. The o
chip WDT counts the settling time.

1. In the initial state, the multiplication rate of PLL circuit 1 is 1.

2. Set a value that will become the specified oscillation settling time in the WDT and stop th
WDT. The following must be set:

WTCSR register TME bit 0: WDT stops
WTCSR register CKS2—CKSO0 bits: Division ratio of WDT count clock
WTCNT counter: Initial counter value

3. Set the desired value in the STC2, STC1 and STCO bits. The division ratio can also be se
the IFC2-IFCO bits and PFC2—PFCO bits.

4. The processor pauses internally and the WDT starts incrementing. In clock modes 0-2 ai
the internal and peripheral clocks both stop, but the peripheral clock for WDT will not stog
clock modes 3 and 4, only the internal clock stops. The clock will continue to be output at
CKIO pin as long as the CKOEN bit in the FRQCR register is set to 1.

5. Supply of the clock that has been set begins at WDT count overflow, and the processor b
operating again. The WDT stops after it overflows.

9.5.2 Note on Changing the Multiplication Rate
Erroneous operation will occur under the following conditions.

« Conditions
If a cache related read fill cycle or write-back cycle is generated within four peripheral clo
cycles (16 ¢ system clock cycles in the case of a clock ratio of I:B:P = 1:1:1/4) after the
CPG'’s frequency control register (FRQCR) is modified.

e Problem

The data may be incorrect in a read fill or write-back cycle, and may result in CPU runaw:

When modifying the CPG's frequency control register (FRQCR), ensure that a cache fill or w
back does not occur for at least four peripheral clogk ¢fpcles after the modification. This can
be achieved by either of the following methods, for example.
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1. Place an instruction that accesses a peripheral module (RTC, TMU, SCI, DMAC, CMT, SC
IrDA, A/D, D/A, or port) register immediately after the multiplication rate change instruction

2. Place 20 NOP instructions immediately after the multiplication rate change instruction (in &
non-cache area).

9.5.3 Changing the Division Ratio
The WDT will not count unless the multiplication rate is changed simultaneously.

1. Inthe initial state, IFC2—-IFC9 000 and PFC2-PFGH010.

2. Setthe IFC2, IFC1, IFCO, PFC2, PFC1, and PFCO bits to the new division ratio. The value
that can be set are limited by the clock mode and the multiplication rate of PLL circuit 1. Nc
that if the wrong value is set, the processor will malfunction.

3. The clock is immediately supplied at the new division ratio.
9.6 PLL Standby Function

9.6.1 Overview of the PLL Standby Function

When operating in clock modes 3 and 4, the internal clock can be controlled by turning the PL
circuit on and off. A long oscillation settling time is required, however, when the PLL circuit is
started up from a complete halt. During this time, processor operation halts. To enable fast on
switching of the PLL1 circuit, the PLL standby function is provided. This function is controlled
software using the frequency control register. The use of the PLL standby function is describe
below.

9.6.2 Usage
From Off to On:

1. Initially, PSTBY=0, PLLEN= 0, and PLL circuit 1 is stopped. The output of PLL circuit 2 is
used for divider 1 input.

2. When the multiplication rate of PLL circuit 1 is set in the STC2-STCO bits and PSTBY is s
to 1, PLL circuit 1 begins oscillating at the specified multiplication rate. The input to divider
is still the output of PLL circuit 2 at this point.

3. After PLL circuit 1 oscillation has stabilized, the input of divider 1 switches when PLLEN is
set to 1 and the oscillation output of PLL circuit 1 is divided and becomes the internal clock
At this time, the division ratio can be changed by changing the settings of IFC2—-IFC0 and
PFC2—-PFCO. For several cycles before and after the clock switches, the internal clock will
stopped, but the peripheral clock and CKIO output do not stop.

212
HITACHI



From On to Off:

1. When PLLEN is set to 0, the input of divider 1 switches to the output of PLL circuit 2. At tl
time, the division ratio can be changed by changing the settings of IFC2—IFCO and PFC2-
PFCO.

2. When PSTBY is set to 0, PLL circuit 1 stops. This setting can be performed simultaneous
(and with the same instruction as) the setting in 1 above.

Notes: 1. There are some restrictions on the PLL standby state (PSTBRM.LEN=0) as
follows: The settings of the frequency control register's CKOEN, STC2-STCO,
IFC2—-IFCO0 and PFC2-PFCO bits generally cannot be changed. In some cases,
however, they can be changed if the PSTBY and PLLEN bit settings are also chan
simultaneously (figure 9.2). The SLEEP instruction cannot be executed.

2. Itis the responsibility of software to ensure the oscillation settling time. If PLLEN is
set to 1 before the oscillation has settled, malfunctions may be caused by an unst:
clock.

3. In clock modes 3 and 4, this LSI cannot go to standby mode while PLL circuit 1 is
Always set PSTBY and PLLEN to 0 to stop PLL circuit 1 before going to standby
mode.

4. When PSTBY and PLLEN are both changed from 0 to 1 together, the WDT will
automatically start counting and the clock will switch when the WDT overflows. Se
section 9.5, Changing the Frequency, for setting the WDT.

PSTBY =1
and PLLEN =0

PSTBY =1 ’ PLLEN =1

(STC) (IFC, PFC)

" o/ pu1 \—"
«— «—
PSTBY =0 standby /™5 | EN = 0

PSTBY = 0 (STC) (STC, IFC, PFC) PSTBY = 1

and PLLEN =0 PSTBY = 0, PLLEN = 0 and PLLEN =1

(STC, IFC, PFC)

Note: Bits in parentheses can be changed simultaneously.

Figure 9.2 State Transitions for the PLL Standby Function
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9.7 Controlling Clock Output

The CKOEN bit in the FRQCR register can be used to switch between outputting a clock to th
CKIO pin or having the level fixed.

9.7.1 Clock Modes 0 to 2

The CKIO pin level cannot be fixed. Always set the CKOEN bit in FRQCR to 1 (clock output).

9.7.2 Clock Modes 3, 4

The CKIO output changes as soon as the CKOEN bit is changed. When the WDT is started b
simultaneously changing the multiplication rate of PLL circuit 1 or switching PLL circuit 1 on ol
off, the WDT starts running after the CKIO output is switched, and then the internal clock
changes.
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9.8 Overview of the WDT

9.8.1 Block Diagram of the WDT

Figure 9.3 shows a block diagram of the WDT.

WDT
Standby _ Standby |« Standby
cancellation ~ control |« mode
] | Peripheral
Internal Y l clock
reset < (S)i?fc;[l “ | Divider |
request > _
q 3 Clock selection l l l l l l l l
v Clock selector
Interrupt Interrupt |« Overflow |
request - control |« Clock
Y
WTCSR WTCNT
( Bus interface )
3
>} A\ o
Legend: - » Internal bus

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter

Figure 9.3 Block Diagram of the WDT

9.8.2 Register Configurations

The WDT has two registers that select the clock, switch the timer mode, and perform other
functions. Table 9.5 shows the WDT register.

Table 9.5 Register Configuration

Name Abbreviation R/W Initial Value Address Access Size
Watchdog timer counter  WTCNT R/W* H'00 H'FFFFFF84 R: byte;
W: word*
Watchdog timer WTCSR R/W* H'00 H'FFFFFF86 R: byte;
control/status register W: word*

Note: * Write with a word access. Write H'5A and H'A5, respectively, in the upper bytes. Byte or
longword writes are not possible. Read with a byte access.

215
HITACHI




9.9 WDT Registers

9.9.1 Watchdog Timer Counter (WTCNT)

The watchdog timer counter (WTCNT) is an 8-bit read/write counter that increments on the
selected clock. When an overflow occurs, it generates a reset in watchdog timer mode and an
interrupt in interval time mode. Its address is H'FFFFFF84. The WTCNT counter is initialized t
H'00 only by a power-on reset through the RESET pin. Use a word access to write to the WT(
counter, with H'5A in the upper byte. Use a byte access to read WTCNT.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

9.9.2 Watchdog Timer Control/Status Register (WTCSR)

The watchdog timer control/status register (WTCSR) is an 8-bit read/write register composed
bits to select the clock used for the count, bits to select the timer mode, and overflow flags. Its
address is H'FFFFFF86. The WTCSR register is initialized to H'00 only by a power-on reset
through the RESET pin. When a WDT overflow causes an internal reset, the WTCSR retains |
value. When used to count the clock settling time for canceling a standby, it retains its value a
counter overflow. Use a word access to write to the WTCSR counter, with H'A5 in the upper b
Use a byte access to read WTCSR.

Bitt 7 6 5 4 3 2 1 0
\ TME \ WT/W‘ RSTS \ WOVF‘ IOVF \ CKS2 \ CKSl‘ CKS0 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7—Timer Enable (TME): Starts and stops timer operation. Clear this bit to 0 when using th
WDT in standby mode or when changing the clock frequency.

Bit 7: TME Description

0 Timer disabled: Count-up stops and WTCNT value is retained
(Initial value)

1 Timer enabled
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Bit 6—Timer Mode Select (WTAT): Selects whether to use the WDT as a watchdog timer or
interval timer.

Bit 6: WT/IT Description
0 Use as interval timer (Initial value)
1 Use as watchdog timer

Note: If WT/T is modified when the WDT is running, the up-count may not be performed correctly.

Bit 5—Reset Select (RSTS)Selects the type of reset when the WTCNT overflows in watchdo
timer mode. In interval timer mode, this setting is ignored.

Bit 5: RSTS Description
0 Power-on reset (Initial value)
1 Manual reset

Note: RESETOUT is output.

Bit 4—Watchdog Timer Overflow (WOVF): Indicates that the WTCNT has overflowed in
watchdog timer mode. This bit is not set in interval timer mode.

Bit 4: WOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in watchdog timer mode

Bit 3—Interval Timer Overflow (IOVF): Indicates that the WTCNT has overflowed in interval
timer mode. This bit is not set in watchdog timer mode.

Bit 3: IOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in interval timer mode

Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKSOYhese bits select the clock to be used for the
WTCNT count from the eight types obtainable by dividing the peripheral clock. The overflow
period in the table is the value when the peripheral clopkiPL5 MHz.
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Overflow Period

Bit 2: CKS2 Bit1: CKS1 Bit0: CKSO Clock Division Ratio (when P @= 15 MHz)
0 0 0 1 (Initial value) 17 ps
1 1/4 68 s
1 0 1/16 273 ps
1 1/32 546 ps
1 0 0 1/64 1.09 ms
1 1/256 4.36 ms
1 0 1/1024 17.48 ms
1 1/4096 69.91 ms

Note: If bits CKS2—CKSO0 are modified when the WDT is running, the up-count may not be
performed correctly. Ensure that these bits are modified only when the WDT is not running.

9.9.3 Notes on Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (WTCSR) a
more difficult to write to than other registers. The procedure for writing to these registers are g
below.

Writing to WTCNT and WTCSR: These registers must be written by a word transfer
instruction. They cannot be written by a byte or longword transfer instruction. When writing to
WTCNT, set the upper byte to H'5A and transfer the lower byte as the write data, as shown in
figure 9.4. When writing to WTCSR, set the upper byte to H'A5 and transfer the lower byte as
write data. This transfer procedure writes the lower byte data to WTCNT or WTCSR.

WTCNT write
15 8 7 0
Address: H'FFFFFE84 H'5A Write data
WTCSR write
15 8 7 0
Address: H'FFFFFE86 H'A5 Write data
Figure 9.4 Writing to WTCNT and WTCSR
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9.10 Using the WDT

9.10.1 Canceling Standbys

The WDT can be used to cancel standby mode with an NMI or other interrupts. The procedu
described below. (The WDT does not run when resets are used for canceling, so R&SE#FR
pin or RESETM pin low until the clock stabilizes.)

1.

Before transitioning to standby mode, always clear the TME bit in WTCSR to 0. When the
TME bit is 1, an erroneous reset or interval timer interrupt may be generated when the co
overflows.

Set the type of count clock used in the CKS2—-CKSO0 bits in WTCSR and the initial values
the counter in the WTCNT counter. These values should ensure that the time till count
overflow is longer than the clock oscillation settling time.

Move to standby mode by executing a SLEEP instruction to stop the clock.

The WDT starts counting by detecting the edge change of the NMI signal or detecting
interrupts.

. When the WDT count overflows, the CPG starts supplying the clock and the processor

resumes operation. The WOVF flag in WTCSR is not set when this happens.

Since the WDT continues counting from H'00, set the STBY bit in the STBCR register to |
the interrupt processing program and this will stop the WDT. When the STBY bit remains
the SH7709A again enters the standby mode when the WDT has counted up to H'80. Thi
standby mode can be canceled by power-on resets.

9.10.2 Changing the Frequency

To change the frequency used by the PLL, use the WDT. When changing the frequency only
switching the divider, do not use the WDT.

1.

Before changing the frequency, always clear the TME bit in WTCSR to 0. When the TME
is 1, an erroneous reset or interval timer interrupt may be generated when the count over

. Set the type of count clock used in the CKS2—CKSO0 bits of WTCSR and the initial values

the counter in the WTCNT counter. These values should ensure that the time till count
overflow is longer than the clock oscillation settling time.

. When the frequency control register (FRQCR) is written, the clock stops and the process:

enters standby mode temporarily. The WDT starts counting.

When the WDT count overflows, the CPG resumes supplying the clock and the processo
resumes operation. The WOVF flag in WTCSR is not set when this happens.

The counter stops at the values H'00—H'01. The stop value depends on the clock ratio.
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9.10.3 Using Watchdog Timer Mode

1.

Set the WTIT bit in the WTCSR register to 1, set the reset type in the RSTS bit, set the typ
count clock in the CKS2—CKSO0 bits, and set the initial value of the counter in the WTCNT
counter.

Set the TME hit in WTCSR to 1 to start the count in watchdog timer mode.

While operating in watchdog timer mode, rewrite the counter periodically to H'00 to preven
the counter from overflowing.

When the counter overflows, the WDT sets the WOVF flag in WTCSR to 1 and generates
type of reset specified by the RSTS bit. The counter then resumes counting.

When a reset occurs, a low level is output fromRESETOUT pin, and a high level is output
from the STATUSO and STATUSL pins. The signal output period is about one cycle of the
count clock for power-on reset, and about five cycles of the peripheral clock for manual res

9.10.4 Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflo
the counter. This enables interrupts to be generated at set periods.

1.

Clear the WTIT bit in the WTCSR register to 0, set the type of count clock in the CKS2—
CKSO bits, and set the initial value of the counter in the WTCNT counter.

Set the TME bit in WTCSR to 1 to start the count in interval timer mode.

When the counter overflows, the WDT sets the IOVF flag in WTCSR to 1 and an interval
timer interrupt request is sent to INTC. The counter then resumes counting.
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9.11 Notes on Board Design

When Using an External Crystal Oscillator: Place the crystal oscillator, capacitors CL1 and
CL2, and damping resistor R close to the EXTAL and XTAL pins. To prevent induction from
interfering with correct oscillation, use a common grounding point for the capacitors connecte
the oscillator, and do not locate a wiring pattern near these components.

Avoid crossing
signal lines

SH7709A

Note: The values for CL1, CL2, and the damping resistance should be determined after
consultation with the crystal oscillator manufacturer.

Figure 9.5 Points for Attention when Using Crystal Oscillator

Decoupling Capacitors:As far as possible, insert a laminated ceramic capacitor of 0.01 to 0.1
as a passive capacitor for eachyV ¢ pair. Mount the passive capacitors as close as possible t
the SH7709A power supply pins, and use components with a frequency characteristic suitab
the chip’s operating frequency, as well as a suitable capacitance value.

Digital system {4V pairs: 19-21, 27-29, 33-35, 45-47, 57-59, 69-71, 79-81, 83-85, 95-97, 1
111, 132-134, 153-154, 161-163, 173-175, 181-183, 205-208

On-chip oscillator ¢V ¢ pairs: 3-6, 145-147, 148-150

When Using a PLL Oscillator Circuit: Keep the wiring from the PLL M and Vg5 connection
pattern to the power supply pins short, and make the pattern width large, to minimize the
inductance component. Ground the oscillation stabilization capacitors C1 and GZRGM)

and Vs (PLL2), respectively. Place C1 and C2 close to the CAP1 and CAP2 pins and do not
locate a wiring pattern in the vicinity. In clock mode 7, connect the EXTAL pint®mWVg and
leave the XTAL pin open.
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Avoid crossing

Ve (PLL2)

CAP2
Vss (PLL2)

Ve (PLLYL)

CAP1

Vss (PLL1)

signal lines
________ |
|
|
LT v
c2 - i cc
:
|
]
1 Vss
LT
C1 T :

Power supply

Reference values
C1 =470 pF
C2 =470 pF
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10.1

Section 10 Bus State Controller (BSC)

Overview

The bus state controller (BSC) divides physical address space and output control signals for
various types of memory and bus interface specifications. BSC functions enable this LSI to li
directly with DRAM, synchronous DRAM, SRAM, ROM, and other memory storage devices
without an external circuit. The BSC also allows direct connection to PCMCIA interfaces,
simplifying system design and allowing high-speed data transfers in a compact system.

10.11

Features

The BSC has the following features:

¢ Physical address space is divided into six areas

g

g
g
g

A maximum 64 Mbytes for each of the six areas, 0, 2-6

Area bus width can be selected by register (area 0 is set by external pin)

Wait states can be inserted using W&IT pin

Wait state insertion can be controlled through software. Register settings can be used
specify the insertion of 1-10 cycles independently for each area (1-38 cycles for area
and 6 and the PCMCIAT interface only)

The type of memory connected can be specified for each area, and control signals are
output for direct memory connection

Wait cycles are automatically inserted to avoid data bus conflict for continuous memor
accesses to different areas or writes directly following reads of the same area

* Direct interface to DRAM

g
g
g
g

O

d
U
d
U

Multiplexes row/column addresses according to DRAM capacity

Supports burst operation (high-speed page mode, EDO mode, and short-pitch access
Supports CAS-before-RAS refresh and self-refresh

Controls timing of DRAM direct-connection control signals according to register setting

Direct interface to synchronous DRAM

Multiplexes row/column addresses according to synchronous DRAM capacity
Supports burst operation

Supports bank active mode

Has both auto-refresh and self-refresh functions

Controls timing of synchronous DRAM direct-connection control signals according to
register setting
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* Burst ROM interface
O Insertion of wait states controllable through software
O Register setting control of burst transfers

* PCMCIA direct-connection interface
O Insertion of wait states controllable through software
O Bus sizing function for I/O bus width (only in the little endian mode)

» Refresh function

O Refresh cycles will be automatically maintained in the sleep mode even after the extern
bus frequency is reduced to 1/4 of its normal operating frequency

e Short refresh cycle control

O The overflow interrupt function of the refresh counter enables the refresh function
immediately after the self-refresh operation using the low power-consumption DRAM

» The refresh counter can be used as an interval timer
O Outputs an interrupt request signal using the compare-matching function
O Outputs an interrupt request signal when the refresh counter overflows

» Automatically disables the output of clock signals to anywhere but the refresh counter, exc
during execution of external bus cycles
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10.1.2 Block Diagram

Figure 10.1 shows the functional block diagram of the bus state controller.
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WCR: Wait state control register RFCR: Refresh count register
BCR: Bus control register RTCNT: Refresh timer count register
MCR: Memory control register RTCOR: Refresh time constant register
DCR: DRAM control register RTCSR: Refresh timer control/status register
PCR: PCMCIA control register MCSCRnN: MCSn control register (n:0-7)

Internal bus

Figure 10.1 BSC Functional Block Diagram
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10.1.3 Pin Configuration

Table 10.1 lists the BSC pin configuration.

Table 10.1 Pin Configuration

Pin Name Signal I/0 Description

Address bus A25-A0 @) Address output

Data bus D15-D0 1/0 Data I/0

D31-D16 1/0 When 32-bit bus width, data I/O

Bus cycle start BS O Shows start of bus cycle. During burst transfers,
asserts every data cycle.

Chip select 0, 2-4 CS0, CS2-CS4 O Chip select signal to indicate area being accessed.

Chip select 5, 6 CS5/CE1A, o Chip select signal to indicate area being accessed.

CS6/CE1B CS5/CE1A and CS6/CE1B can also be used as

CE1A and CE1B of PCMCIA.

PCMCIA card CE2A, CE2B @) When PCMCIA is used, CE2A and CE2B

select

Read/write RD/WR 0 Data bus direction indicator signal. DRAM/PCMCIA
write indicator signal.

Row address RAS3L @) When DRAM or synchronous DRAM is used in area

strobe 3L 3, RAS3L for lower 32-Mbyte address.

Row address RAS3U o] When DRAM or synchronous DRAM is used in area

strobe 3U 3, RAS3U for upper 32-Mbyte address.

Column address CASLL/CASL O When DRAM is used, CASLL signal for D7-DO0.

strobe When synchronous DRAM is used, CASL signal for
lower 32-Mbyte address.

Column address CASLH/CASU O When DRAM is used, CASLH signal for D15-D8.

strobe LH When synchronous DRAM is used, CASU signal for
upper 32-Mbyte address.

Column address CASHL (@] When DRAM is used, CASHL signal for D23-D16.

strobe HL

Column address CASHH 0 When DRAM is used, CASHH signal for D31-D24.

strobe HH

Column address  CAS2L O When the area 2 DRAM is used, CAS2L signal for

strobe 2L D7-DO.

Column address CAS2H 0 When the area 2 DRAM is used, CAS2H signal for

strobe 2H D15-D8.
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Table 10.1 Pin Configuration (cont)

Pin Name Signal /0 Description
Data enable O WEO/DQMLL (0] When memory other than synchronous DRAM is
used, selects D7-DO0 write strobe signal. When
synchronous DRAM is used, selects D7-DO.
Data enable 1 WE1/DQMLU/ O When memory other than synchronous DRAM is
E used, selects D15-D8 write strobe signal. When
synchronous DRAM is used, selects D15-D8. When
PCMCIA is used, strobe signal that indicates the
write cycle.
Data enable 2 WE2/DQMUL/ O When memory other than synchronous DRAM is
ICIORD used, selects D23-D16 write strobe signal. When
synchronous DRAM is used, selects D23-D16.
When PCMCIA is used, strobe signal indicating I/O
read.
Data enable 3 WE3/DQMUU/ O When memory other than synchronous DRAM is
ICIOWR used, selects D31-D24 write strobe signal. When
synchronous DRAM is used, selects D31-D24.
When PCMCIA is used, strobe signal indicating I/O
write.
Read RD 0 Strobe signal indicating read cycle
Wait WAIT I Wait state request signal
Clock enable CKE (0] Clock enable control signal of synchronous DRAM
10IS16 101S16 | Signal indicating PCMCIA 16-bit /0. Valid only in
little-endian mode.
Bus release BREQ | Bus release request signal
request
Bus release BACK 0 Bus release acknowledge signal
acknowledgment
Row address RAS2L 0 When DRAM is used in area 2, RAS2L signal for
strobe 2L lower 32-Mbyte address
Row address RAS2U 0 When DRAM is used in area 2, RAS2U signal for

strobe 2U

upper 32-Mbyte address

Mask ROM chip
select

MCS[O0]- MCS[7] O

Chip select signal for mask ROM connected to area
Oor2.
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10.1.4  Register Configuration

The BSC has 21 registers (table 10.2). The synchronous DRAM also has a built-in synchrono
DRAM mode register. These registers control direct connection interfaces to memory, wait stz
refreshes, and PCMCIA devices.

Table 10.2 Register Configuration

Name Abbr. R/W Initial Value* Address Bus Width
Bus control register 1 BCR1 R/W H'0000 H'FFFFFF60 16
Bus control register 2 BCR2 R/W H'3FFO H'FFFFFF62 16
Wait state control register 1 WCR1 R/W H'3FF3 H'FFFFFF64 16
Wait state control register 2 WCR2 R/W H'FFFF H'FFFFFF66 16
Individual memory control MCR R/W H'0000 H'FFFFFF68 16
register

DRAM control register DCR R/W H'0000 H'FFFFFF6A 16
PCMCIA control register PCR R/W  H'0000 H'FFFFFF6C 16
Refresh timer control/status RTCSR R/W H'0000 H'FFFFFF6E 16
register

Refresh timer counter RTCNT R/W H'0000 H'FFFFFF70 16
Refresh time constant register RTCOR R/W H'0000 H'FFFFFF72 16
Refresh count register RFCR R/W H'0000 H'FFFFFF74 16
Bus control register 3 BCR3 R/W H'0000 H'FFFFFF7E 16
Synchronous DRAM mode SDMR W — H'FFFFDO0O0O- 8
register, area 2 H'FFFFDFFF
Synchronous DRAM mode H'FFFFEO00—
register, area 3 H'FFFFEFFF
MCSO0 control register MCSCRO R/W  H'0000 HFFFFFF50 16
MCS1 control register MCSCR1 R/W H'0000 H'FFFFFF52 16
MCS2 control register MCSCR2 R/W H'0000 H'FFFFFF54 16
MCS3 control register MCSCR3 R/W  H'0000 H'FFFFFF56 16
MCS4 control register MCSCR4 R/W H'0000 H'FFFFFF58 16
MCSS5 control register MCSCR5 R/W H'0000 H'FFFFFF5A 16
MCS6 control register MCSCR6 R/W  H'0000 HFFFFFF5C 16
MCS?7 control register MCSCR7 R/W H'0000 H'FFFFFF5E 16

Notes: For details, see section 10.2.9, Synchronous DRAM Mode Register.
* Initialized by power-on resets.
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10.1.5 Area Overview

Space Allocation:In the architecture of this LSI, both logical spaces and physical spaces hav
bit address spaces. The logical space is divided into five areas by the value of the upper bits
address. The physical space is divided into eight areas.

Logical space can be allocated at physical spaces using a memory management unit (MMU)
details, refer to section 3, Memory Management Unit, which describes area allocation for phy
spaces.

As listed in table 10.3, this LSI can be connected directly to six areas of memory/PCMCIA

is asserted during area 0 acc&ss is asserted during area 6 access. When DRAM is connectt
to area 2 or 3, signals suchRiAS, CAS, and RDWR are also asserted. When PCMCIA interfac
is selected in area 5 or 6, in additiof085/CS6, CE2A/CE2B are asserted for the corresponding
bytes accessed.

Area 0 (CS0) H'00000000

Internal I/O H'04000000

Area 2 (CS2) H'08000000

Area 3 (CS3) H'0C000000

Area 4 (CS4) H'10000000

Area 5 (CS5) H'14000000

Area 6 (CS6) | H'18000000

H'00000000 F

H'20000000

H'40000000

H'60000000

i
I ,” //;’// \[/ Reserved area
H'80000000 I )
P1 S Physical address space
H'A0000000 Ji
P2 ///
R
H'C0000000 /
P3 /

vz z 7

H'E0000000
P4

Logical address space

Note: For logical address spaces PO and P3, when the memory management unit (MMU) is
on, it can optionally generate a physical address for the logical address. It can be
applied when the MMU is off and when the MMU is on and each physical address for
the logical address is equal except for upper three bits.

Figure 10.2 Corresponding to Logical Address Space and Physical Address Space
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Table 10.3 Physical Address Space Map

Area Connectable Memory

Physical Address

Capacity Access Size

0 Ordinary memory™l, burst ROM  H'00000000 to H'03FFFFFF 64 Mbytes 8, 16, 32"2
H'00000000 + H'20000000 x n to Shadow  n:1-6
H'03FFFFFF + H'20000000 % n
1 Internal I/O registers™® H'04000000 to H'07FFFFFF 64 Mbytes 8, 16, 32"3
H'04000000 + H'20000000 x nto Shadow  n:1-6
H'07FFFFFF + H'20000000 x n
2 Ordinary memory™l, H'08000000 to H'OBFFFFFF 64 Mbytes 8, 16, 32"3. ™
synchronous DRAM, DRAM H'08000000 + H'20000000 x n to Shadow  n: 1-6
H'OBFFFFFF + H'20000000 x n
3 Ordinary memory, H'0C000000 to H'0OFFFFFFF 64 Mbytes 8, 16, 32"3."5
Sé’g‘gmnzus DRAM, DRAM H'0C000000 + H'20000000 x n to Shadow  n: 1-6
(EDO mode) H'OFFFFFFF + H'20000000 x n
4 Ordinary memory H'10000000 to H'13FFFFFF 64 Mbytes 8, 16, 32"3
H'10000000 + H'20000000 x n to Shadow  n:1-6
H'13FFFFFF + H'20000000 % n
5 Ordinary memory, PCMCIA, H'14000000 to H'15FFFFFF 32 Mbytes 8, 16, 32 *3.76
burst ROM
Ordinary memory, burst ROM H'16000000 to H'17FFFFFF 32 Mbytes
H'14000000 + H'20000000 x n to Shadow n: 1-6
H'17FFFFFF + H'20000000 x n
6 Ordinary memory, PCMCIA, H'18000000 to H'19FFFFFF 32 Mbytes 8, 16,32 *3."6
burst ROM H'1A000000 to H'1BFFFFFF
H'18000000 + H'20000000 x nto Shadow  n:1-6
H'1BFFFFFF + H'20000000 x n
7' Reserved area H'1C000000 + H'20000000 % n n: 0-7
to H'1AFFFFFFF + H'20000000 x n
Notes: 1. Memory with interface such as SRAM or ROM.
2. Use external pin to specify memory bus width.
3. Use register to specify memory bus width.
4. With synchronous DRAM interfaces, bus width must be 16 or 32 bits. With DRAM
interfaces, bus width must be 16 bits.
5. With synchronous DRAM interfaces, bus width must be 16 or 32 bits. With DRAM
interfaces, bus width must be 16 or 32 bits.
6. With PCMCIA interface, bus width must be 8 or 16 bits.
7. Do not access the reserved area. If the reserved area is accessed, the correct
operation cannot be guaranteed.
8. When the control register in area 1 is not used for address translation by the MMU, set
the top three bits of the logical address to 101 to allocate in the P2 space.
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Area 0: H'00000000 Ordinary memory/

burst ROM
Area 1: H'04000000
Internal I/O
Area 2: H08000000 Ordinary memory/ Only DRAM with a 16-bit bus
synchronous DRAM, DRAM | can be connected to area 2
Area 3: H'OC000000 Ordinary memory/

synchronous DRAM, DRAM

Area 4: H'20000000
Ordinary memory

Area 5: H'14000000 Ordinary memory/ The PCMCIA interface is shared
burst ROM/PCMCIA by the memory and I/O card

Area 6: H'18000000 Ordinary memory/ The PCMCIA interface is shared
burst ROM/PCMCIA by the memory and 1/O card

Figure 10.3 Physical Space Allocation

Memory Bus Width: The memory bus width in this LS| can be set for each area. In area 0, ai
external pin can be used to select byte (8 bits), word (16 bits), or longword (32 bits) on powe
reset. The correspondence between the external pins (MD4 and MD3) and memory size is li
table below.

Table 10.4 Correspondence between External Pins (MD4 and MD3) and Memory Size

MD4 MD3 Memory Size

0 0 Reserved (Do not set)
0 1 8 bits

1 0 16 bits

1 1 32 bits

For areas 2—6, byte, word, and longword may be chosen for the bus width using bus control
register 2 (BCR2) whenever ordinary memory, ROM, or burst ROM are used. When the DRA
or synchronous DRAM interface is used, word or longword can be chosen as the bus width.

When area 2 is used as a DRAM area, set the bus width of area 2 to word. When the PCMC
interface is used, set the bus width to byte or word. When synchronous DRAM is connected
both area 2 and area 3, set the same bus width for areas 2 and 3. When using port A or B, s
width of 8 or 16 bits for all areas. For more information, see section 10.2.2, Bus Control Regi
(BCR2).
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Shadow SpaceAreas 0, 2—6 are decoded by physical addresses A28-A26, which correspond
areas 000 to 110. Address bits 31-29 are ignored. This means that the range of area 0 addre
for example, is H'00000000 to H'03FFFFFF, and its corresponding shadow space is the addre
space obtained by adding to it H'20000609 (h= 1-6). The address range for area 7, which is
on-chip 1/0 space, is H'1C000000 to H'1FFFFFFF. The address space H'1C000000 + H'2000
x n—H'1FFFFFFF + H'20000000n (n= 0-7) corresponding to the area 7 shadow space is
reserved, so do not use it.

10.1.6 PCMCIA Support
This LSI supports PCMCIA standard interface specifications in physical space areas 5 and 6.

The interfaces supported are basically the "IC memory card interface" and "I/O card interface'
stipulated in JEIDA Specifications Ver. 4.2 (PCMCIA2.1).

Table 10.5 PCMCIA Interface Characteristics

Item Feature

Access Random access

Data bus 8/16 bits

Memory type Mask ROM, OTPROM, EPROM, EEPROM, flash memory, SRAM
Memory capacity Maximum 32 Mbytes

1/0O space capacity Maximum 32 Mbytes

Others Dynamic bus sizing of I/O bus width*

The PCMCIA interface can be accessed from the address translation
area or non-address translation area.

Note: * Dynamic bus sizing of I/0 bus width is supported only in the little endian mode.
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Area 5: H'14000000

Area 5: H'16000000

Area 6: H'18000000

Area 6: H'1A000000

Commom memory/Attribute memory

I/0O space

Commom memory/Attribute memory

I/O space

Figure 10.4 PCMCIA Space Allocation

Table 10.6 PCMCIA Support Interface

IC Memory Card Interface

I/0 Card Interface

Pin Signal I/O  Function Signal I/O  Function SH7709A Pin
1 GND — Ground GND — Ground —

2 D3 I/O Data D3 /O Data D3

3 D4 I/O Data D4 /O Data D4

4 D5 I/O Data D5 /O Data D5

5 D6 I/O Data D6 I/O Data D6

6 D7 I/O Data D7 /O Data D7

7 CEl | Card enable CE1 | Card enable CE1A or CE1B
8 Al10 I Address Al10 | Address Al0

9 OE | Output enable OE | Output enable RD

10 All I Address All I Address All

11 A9 I Address A9 | Address A9

12 A8 I Address A8 | Address A8

13 Al13 I Address Al3 I Address Al3

14 Al14 I Address Al4 | Address Al4

15 WE/PGM |  Write enable WE/PGM |  Write enable WE

16 RDY/BSY O Ready/Busy IREQ O Ready/Busy —

17 Ve Operation power Ve Operation power —

18  Vpp, Program power Vepy Program/ —

peripheral power
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Table 10.6 PCMCIA Support Interface (cont)

IC Memory Card Interface

I/O Card Interface

Pin Signal I/O  Function Signal 1/0  Function SH7709A Pin
19 A16 I Address Al6 I Address Al6
20 A15 | Address A15 I Address A15
21 Al12 | Address Al12 I Address Al12
22 A7 I Address A7 I Address A7

23 A6 | Address A6 I Address A6

24 A5 | Address A5 I Address A5

25 A4 I Address A4 I Address A4

26 A3 | Address A3 I Address A3

27 A2 | Address A2 I Address A2

28 Al I Address Al I Address Al

29 A0 | Address AO I Address A0

30 DO /O Data DO I/O Data DO

31 D1 /O Data D1 I/O Data D1

32 D2 /O Data D2 I/O Data D2

33 WP O  Write protect 10IS16 O  16-hit I/O port 101S16
34 GND Ground GND Ground —

35 GND Ground GND Ground —

36 CD1 O  Card detection CD1 O Card detection —

37 D11 /O Data D11 I/O Data D11
38 D12 /O Data D12 I/O Data D12
39 D13 /O Data D13 I/O Data D13
40 D14 /O Data D14 I/O Data D14
41 D15 /O Data D15 I/O Data D15
42 CE2 I Card enable CE2 I Card enable CE2A or CE2B
43 VST | Voltage sense 1 VSt |  Voltagesensel —

44 RFU Reserved IORD | 1/Oread ICIORD
45 RFU Reserved IOWR | /O write ICIOWR
46 Al7 I Address Al7 I Address Al7
47 A18 | Address A18 I Address Al18
48 A19 | Address A19 I Address Al19
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Table 10.6 PCMCIA Support Interface (cont)

IC Memory Card Interface

I/0 Card Interface

Pin Signal /0 Function Signal I/O  Function SH7709A Pin
49 A20 I Address A20 I Address A20
50 A21 I Address A21 | Address A21
51 V. Power supply Vee Power supply —
52 Vpp, Program power Vop, Program/ —
peripheral power
53 A22 I Address A22 | Address A22
54 A23 I Address A23 I Address A23
55 A24 I Address A24 | Address A24
56 A25 I Address A25 | Address A25
57 VS2 | Voltage sense 2 Vs2 |  Voltagesense2 —
58 RESET I Reset RESET | Reset —
59 WAIT O  Wait request WAIT O  Wait request —
60 RFU Reserved INPACK O Input acknowledge —
61 REG Attribute memory  REG | Attribute memory —
space select space select
62 BVD2 O Battery voltage SPKR O Digital voice signal —
detection
63 BVD1 O Battery voltage STSCHG O Card state —
detection change
64 D8 /O Data D8 /O Data D8
65 D9 /O Data D9 /O Data D9
66 D10 /O Data D10 /O Data D10
67 CD2 O Card detection CcDh2 O Card detection —
68 GND Ground GND Ground —

HITACHI
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10.2 BSC Registers

10.2.1  Bus Control Register 1 (BCR1)

Bus control register 1 (BCR1) is a 16-bit read/write register that sets the functions and bus cy
state for each area. It is initialized to H'0000 by a power-on reset, but is not initialized by a ma
reset or by standby mode. Do not access external memory outside area 0 until BCR1 register
initialization is complete.

Bitt 15 14 13 12 11 10 9 8
\ PULA \ PULD ‘HIZMEM‘ HIZCNT‘ ENDIAN‘AOBSTl‘AOBSTO‘ASBSTl‘
Initial value: 0 0 0 0 0/1* 0 0 0
RW: RW RW RW  RW R RW  RW  RW
Bit: 7 6 5 4 3 2 1 0

A5BSTO | A6BST1| A6BSTO| DRAM | DRAM | DRAM | A5 PCM| A6 PCM
TP2 TP1 TPO

Initial value: 0 0 0 0 0 0 0 0

R/W:  R/W R/W R/W R/W R/W R/W R/W R/W
Note: Samples the value of the external pin (MD5) designhating endian at power-on reset.

Bit 15—Pin A25 to A0 Pull-Up (PULA): Specifies whether or not pins A25 to A0 are pulled up
for 4 cycles immediately aft8ACK is asserted.

Bit 15: PULA Description
0 Not pulled up (Initial value)
1 Pulled up

Bit 14—Pin D31 to DO Pull-Up (PULD): Specifies whether or not pins D31 to DO are pulled up
when not in use.

Bit 14: PULD Description

0 Not pulled up (Initial value)
1 Pulled up
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Bit 13—Hi-Z memory control (HIZMEM): Specifies the state of A25-BS, CS, RDWR,
WE/DQM, RD, CE2A, CE2B and DRAKO/1 in standby mode.

Bit 13: HIZMEM Description

0 A25-0, BS, CS, RD/WR, WE/DQM, RD, CE2A, CE2B and DRAKO/1 are Hi-Z
in standby mode. (Initial value)

1 A25-0, BS, CS, RD/WR, WE/DQM, RD, CE2A, CE2B and DRAKO/1 are

High in standby mode.

Bit 12—High-Z Control (HIZCNT): Specifies the state of tlRAS and theCAS signals at
standby and bus right release.
Bit 12: HIZCNT Description

0 The RAS and the CAS signals are high-impedance state (High-Z) at standby
and bus right release. (Initial value)

1 The RAS and the CAS signals are driven at standby and bus right release.

Bit 11—Endian Flag (ENDIAN): Samples the value of the external pin designating endian up
a power-on reset. Endian for all physical spaces is decided by this bit, which is read-only.
Bit 11: ENDIAN Description

0 (On reset) Endian setting external pin (MD5) is low. Indicates the SH7709A
is set as big endian.

1 (On reset) Endian setting external pin (MD5) is high. Indicates the SH7709A
is set as little endian.

Bits 10 and 9—Area 0 Burst ROM Control (AOBST1, AOBSTO)Specify whether to use burst
ROM in physical space area 0. When burst ROM is used, set the number of burst transfers.

Bit 10: AOBST1 Bit 9: AOBSTO Description
0 0 Access area 0 as ordinary memory (initial value)
1 Access area 0 as burst ROM (4 consecutive accesses).

Can be used when bus width is 8, 16, or 32.

1 0 Access area 0 as burst ROM (8 consecutive accesses).
Can be used when bus width is 8 or 16.

1 Access area 0 as burst ROM (16 consecutive
accesses). Can be used only when bus width is 8.
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Bits 8 and 7—Area 5 Burst Enable (A5BST1, A5BSTO0)Specify whether to use burst ROM
and PCMCIA burst mode in physical space area 5. When burst ROM and PCMCIA burst mod
are used, set the number of burst transfers.

Bit 8: ASBST1 Bit 7: ASBSTO Description
0 0 Access area 5 as ordinary memory (initial value)
1 Burst access of area 5 (4 consecutive accesses). Can

be used when bus width is 8, 16, or 32.

1 0 Burst access of area 5 (8 consecutive accesses). Can
be used when bus width is 8 or 16.

1 Burst access of area 5 (16 consecutive accesses). Can
be used only when bus width is 8.

Bits 6 and 5—Area 6 Burst Enable (A6BST1, A6BSTO0)Specify whether to use burst ROM
and PCMCIA burst mode in physical space area 6. When burst ROM and PCMCIA burst mod
are used, set the number of burst transfers.

Bit 6: A6BST1 Bit 5: A6BSTO Description
0 0 Access area 6 as ordinary memory (initial value)
1 Burst access of area 6 (4 consecutive accesses). Can

be used when bus width is 8, 16, or 32.

1 0 Burst access of area 6 (8 consecutive accesses). Can
be used when bus width is 8 or 16.

1 Burst access of area 6 (16 consecutive accesses). Can
be used only when bus width is 8.
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Bits 4 to 2—Area 2, Area 3 Memory Type (DRAMTP2 to DRAMTPO):Designate the types of
memory connected to physical space areas 2 and 3. Ordinary memory, such as ROM, SRAN
flash ROM, can be directly connected. DRAM, and synchronous DRAM can also be directly
connected.

Bit 4: DRAMTP2 Bit 3: DRAMTP1 Bit 2: DRAMTPO Description

0 0 0 Areas 2 and 3 are ordinary memory
(Initial value)
1 Reserved (Setting disabled)
1 0 Area 2: ordinary memory; area 3:

synchronous DRAM

1 Areas 2 and 3 are synchronous DRAM**
1 0 0 Area 2: ordinary memory; area 3: DRAM
1 Areas 2 and 3 are DRAM *?
1 0 Reserved (Setting disabled)
1

Reserved (Setting disabled)

Notes: 1. When selecting this mode, set the same bus width for area 2 and area 3.
2. When selecting this mode, set the area 2 bus width as word.

Bit 1—Area 5 Bus Type (A5PCM): Designates whether to access physical space area 5 as
PCMCIA space.

Bit 1: ASPCM Description
0 Access physical space area 5 as ordinary memory (Initial value)
1 Access physical space area 5 as PCMCIA space

Bit 0—Area 6 Bus Type (A6PCM): Designates whether to access physical space area 6 as
PCMCIA space.

Bit 0: AGPCM Description
0 Access physical space area 6 as ordinary memory (Initial value)
1 Access physical space area 6 as PCMCIA space
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10.2.2 Bus Control Register 2 (BCR2)

The bus control register 2 (BCR2) is a 16-bit read/write register that selects the bus-size widtt
each area. It is initialized to H'3FFO by a power-on reset, but is not initialized by a manual res
by standby mode. Do not access external memory outside area O until BCR2 register initializa
is complete.

Bitt 15 14 13 12 11 10 9 8
| — | — | mesz1| A6sz0| Assz1 | A5SZO | A4SZ1 | A4SZ0 |
Initial value: 0 0 1 1 1 1 1 1
RW: R R RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
| A3SZ1 | A3SZO | A2sz1 | A2sz0| — | — | — | — |
Initial value: 1 1 1 1 0 0 0 0

R/W: R/W R/W R/W R/W
Bits 15, 14, 3, 2, 1, and 0—Reservedhese bits are always read as 0. The write value should
always be 0.

Bits 2n + 1, 2n—Area n (2-6) Bus Size Specification (AnSZ1, AnSZ@pecify the bus sizes of
physical space area n€? to 6).

Bit 2n + 1: AnSZ1 Bit 2n: AnSZ0 Port A/ B Description

0 0 Unused Reserved (Setting disabled)
1 Byte (8-bit) size

1 0 Word (16-hit) size
1 Longword (32-bit) size

0 0 Used Reserved (Setting disabled)
1 Byte (8-bit) size

1 0 Word (16-bit) size
1 Reserved (Setting disabled)
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10.2.3  Bus Control Register 3 (BCR3)

Bus control register 3 (BCR3) is a 16-bit read/write register that specifies RAS and CAS timir
for the DRAM (areas 2 and 3). This enables a large amount of data to be transferred efficier
for example, when transferring image data. The BCR3 is initialized to H'0000 by power-on r
but is not initialized by manual resets or in the standby mode. The bits EXTEND, TPC31-30
RCD31-30, TRAS31-30, TPC21-20, RCD21-20, and TRAS21-20 are written to during the
initialization after a power-on reset and are not modified again.

Bitt 15 14 13 12 11 10 9 8
EXT — | TPc31| TPC30| RCD31 | RCD30 | TRAS31| TRAS30
END
Initial value: 0 0 0 0 0 0 0 0
RW: R/W R RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
| — | — | TPc21| TPC20| RCD21 | RCD20 | TRAS21| TRAS20|
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

Bit 15—BSC DRAM Access Mode Extended Control (EXTEND)The EXTEND bit specifies
the short pitch access mode to the DRAM (areas 2 and 3). Setting the EXTEND bit to 1 enat
single access to be performed in a minimum of two cycles (RCDn (1-0) = 00) to the DRAM,
a burst access to be performed in a pitch of one cycle for the second and later data. In addit
setting the EXTEND bit to 1, other bits of the BCR3 register (TPC31-30, SCD31-30, TRAS3
30, TPC21-20, RCD21-20, and TRAS21-20 become valid.

Bit 15: EXTEND Description

0 The BSC is set to normal mode. (Initial value)

1 The BSC is set to extended mode. DRAM is accessed in a short pitch.

Bits 14, 7, and 6—Reservedlhese bits are always read as 0. The write value should always |
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Bits 13 and 12—RAS Precharge Time (TPC31, TPC30yhen the EXTEND bit in BCR3 is

set to 1, the BSC uses the TPC (31-30) bits. When the DRAM interface is selected as the
connected memory of area 3, the TPC bits set the minimum number of cycles for RAS precha
until the next RAS assertion after RAS negation. Set the same value for TPC31-30 and TPCZ
in BCR3, TPC1-0 in the MCR, and TPC1-0 in the DCR.

Bit 13 Bit 12

TPC31 TPC30 Function

0 0 1 cycle (Initial value)
0 1 2 cycles

1 0 3 cycles

1 1 4 cycles

Bits 11 and 10—RAS-CAS Delay (RCD31, RCD30When the EXTEND bit in BCR3 is set to

1, the BSC uses the RCD (31-30) bits in place of the RCD (1-0) bits in the MCR. When the
DRAM interface is selected as the connected memory of area 3, these bits set the RAS-CAS
delay.

Bit 11 Bit 10

RCD31 RCD30 Function

0 0 1 cycle (Initial value)
0 1 2 cycles

1 0 3 cycles

1 1 4 cycles

Bits 9 and 8—CAS-Before-RAS Refresh RAS Assert Time (TRAS31, TRAS30)hen the
EXTEND bit in BCR3 is set to 1, the BSC uses the TRAS (31-30) bits. When the DRAM
interface is selected as the connected memory of area 3, these bits set the RAS assert period
CAS-before-RAS refreshes. Set the same value for TRAS31-30 and TRAS21-20 in BCR3, T
1-0 in the MCR, and TRAS 1-0 in the DCR.

Bit 9 Bit 8

TRAS31 TRAS30 Function

0 0 2 cycles (Initial value)
0 1 3 cycles

1 0 4 cycles

1 1 5 cycles

242

HITACHI



Bits 5 and 4—RAS Precharge Time (TPC21, TPC20When the EXTEND bit in BCR3 is set
to 1, the BSC uses the TPC (21-20) bits. When the DRAM interface is selected as the conn
memory of area 2, the TPC bits set the minimum number of cycles for RAS precharge until tl
next RAS assertion after RAS negation.

Bit 5 Bit 4 Function

TPC21 TPC20 Normal After self refresh

0 0 1 cycle (Initial value) 2 cycles (Initial value)
0 1 2 cycles 5 cycles

1 0 3 cycles 8 cycles

1 1 4 cycles 11 cycles

Bits 3 and 2—RAS-CAS Delay (RCD21, RCD20Mhen the EXTEND bit in BCR3 is set to 1,
the BSC uses the RCD (21-20) bits in place of the RCD (1-0) bits in the DCR. The RAS-CA
delay is set for the DRAM interface connected to area 2.

Bit 3 Bit 2

RCD21 RCD20 Function

0 0 1 cycle (Initial value)
0 1 2 cycles

1 0 3 cycles

1 1 4 cycles

Bits 1 and 0—CAS-Before-RAS Refresh RAS Assert Time (TRAS21, TRAS20)hen the
EXTEND bit in BCR3 is set to 1, the BSC uses the TRAS (21-20) bits in place of the TRAS (
bits in the DCR. The RAS assert time is set for the DRAM interface connected to area 2 whe
CAS-before-RAS refreshes.

Bit 1 Bit 0

TRAS21 TRAS20 Function

0 0 2 cycles (Initial value)
0 1 3 cycles

1 0 4 cycles

1 1 5 cycles

Bits 14, 7, and 6—Reservedlhese bits are always read as 0. The write value should always |
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10.2.4  Wait State Control Register 1 (WCR1)

Wait state control register 1 (WCR1) is a 16-bit read/write register that specifies the number o
idle (wait) state cycles inserted for each area. For some memories, the drive of the data bus n
not be turned off quickly even when the read signal from the external device is turned off. This
can result in conflicts between data buses when consecutive memory accesses are to differer
memories or when a write immediately follows a memory read. This LS| automatically inserts
states equal to the number set in WCRL1 in those cases.

WCRL1 is initialized to H'3FF3 by a power-on reset. It is not initialized by a manual reset or by
standby mode.

Bitt 15 14 13 12 11 10 9 8
WAITSEL  — | AGIWL | AGIWO | ASIWL | ASIWO | A4IWL | A4IWO |
Initial value: 0 0 1 1 1 1 1 1
RW:  R/W R RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
| A3WIL | A3WO | A2wW1 | A2wo| — | — | AOIWIL | AOIWO |
Initial value: 1 1 1 1 0 0 1 1
RW: RW RW RW  RW R R RW  RW

Bit 15—WAIT Sampling Timing Select (WAITSEL): Specifies the WAIT signal sampling
timing.

Bit 15: WAITSEL Description

0 Sampled at rise of CKIO. In this case, the WAIT signal must be input
synchronously (Initial value)
1 Sampled at fall of CKIO. In this case, the WAIT signal can be input

asynchronously

Bits 14, 3, and 2 —ReservedThese bits are always read as 0. The write value should always &
0.

Bits 2n + 1, 2n—Area n (6-2, 0) Intercycle Idle Specification (AnIW1, AnlWO0)Specify the
number of idles inserted between bus cycles when switching between physical space area n (
0) to another space or between a read access to a write access in the same physical space.
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Bit 2n + 1: AnlW1 Bit 2n: AnIWO Description

0 0 1 idle cycle inserted
1 1 idle cycle inserted
1 0 2 idle cycles inserted
1 3 idle cycles inserted (Initial value)

10.2.5 Wait State Control Register 2 (WCR2)

Wait state control register 2 (WCR2) is a 16-bit read/write register that specifies the number
wait state cycles inserted for each area. It also specifies the pitch of data access for burst me
accesses. This allows direct connection of even low-speed memories without an external cir
WCR2 is initialized to H'FFFF by a power-on reset. It is not initialized by a manual reset or b
standby mode.

Bitt 15 14 13 12 11 10 9 8
\ A6 W2 \ A6W1‘ A6 WO \ ASWZ‘ A5 W1 \ A5 WO \ A4W2‘ A4 W1 \
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ A4 WO \ A3W1‘ A3 WO \ A2Wl‘ A2 WO \ AO W2 \ AOWl‘ AO WO \
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Bits 15 to 13—Area 6 Wait Control (A6W2 to A6WO0):Specify the number of wait states
inserted into physical space area 6. Also specify the burst pitch for burst transfer.

Description
Burst Cycle

First Cycle (Excluding First Cycle)

Bit15: Bit14: Bit13: Inserted L Number of States
A6W2 A6W1 AB6WO  Wait States WAIT Pin Per Data Transfer WAIT Pin
0 0 0 0 Disable 2 Enable
1 1 Enable 2 Enable

1 0 2 Enable 3 Enable

1 3 Enable 4 Enable

1 0 0 4 Enable 4 Enable
1 6 Enable 6 Enable

1 0 8 Enable 8 Enable

1 10 Enable 10 Enable

(Initial value)

Bits 12 to 10—Area 5 Wait Control (A5W2 to A5SWO0):Specify the number of wait states
inserted into physical space area 5. Also specify the burst pitch for burst transfer.

Description
Burst Cycle

First Cycle (Excluding First Cycle)

Bit 12: Bit11l: Bit10: Inserted L Number of States
A5W2 A5W1 A5WO0  Wait States WAIT Pin Per Data Transfer WAIT Pin
0 0 0 0 Disable 2 Enable
1 1 Enable 2 Enable

1 0 2 Enable 3 Enable

1 3 Enable 4 Enable

1 0 0 4 Enable 4 Enable
1 6 Enable 6 Enable

1 0 8 Enable 8 Enable

1 10 Enable 10 Enable

(Initial value)
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Bits 9 to 7—Area 4 Wait Control (A4W2 to A4WO0): Specify the number of wait states inserted
into physical space area 4.

Description
Bit 9: A4W2 Bit 8: AdW1 Bit 7: AAWO Inserted Wait State WAIT Pin
0 0 0 0 Ignored
1 1 Enable
1 0 2 Enable
1 3 Enable
1 0 0 4 Enable
1 6 Enable
1 0 8 Enable
1 10 Enable (Initial value)

Bits 6 and 5—Area 3 Wait Control (A3W1, A3WO0): Specify the number of wait states inserted
into physical space area 3. When the DRAM is used for area 3 and the EXTEND bit of BCR
set, the BSC ignores bits 6 and 5.

¢ For Ordinary memory

Description
Bit 6: A3W1 Bit 5: A3WO0 Inserted Wait States WAIT Pin
0 0 0 Ignored
1 1 Enable
1 0 2 Enable
1 3 Enable (Initial value)

e For DRAM, Synchronous DRAM

Description
DRAM: CAS
Bit 6: A3W1 Bit 5: A3WO0 Assert Period Synchronous DRAM: CAS Latency
0 0 1 1
1 1 1
1 0 2 2
1 3 3 (Initial value)
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Bits 4 and 3—Area 2 Wait Control (A2W1, A2WO0): Specify the number of wait states inserted
into physical space area 2. When the DRAM is used for area 2 and the EXTEND bit of the B(
is set, the BSC ignores bits 4 and 3.

e For Ordinary memory

Description
Bit 4: A2WO Bit 3: A2WO0 Inserted Wait States WAIT Pin
0 0 0 Ignored
1 1 Enable
1 0 2 Enable
1 3 Enable (Initial value)

e For DRAM, Synchronous DRAM
Description

Synchronous DRAM:
Bit 4: A2W1 Bit 3: A2W0 DRAM: CAS Assert Period CAS Latency

0 0 1
1

1
1 1

1 0 2 2
1 3

3 (Initial value)

Bits 2 to 0—Area 0 Wait Control (AOW?2 to AOWO): Specify the number of wait states inserted
into physical space area 0. Also specify the burst pitch for burst transfer.

Description
Burst Cycle
First Cycle (Excluding First Cycle)
Bit 2: Bit 1: Bit O: Inserted _ Number of States
AOW2 AOW1 AOWO  Wait States WAIT Pin Per Data Transfer WAIT Pin
0 0 0 0 Ignored 2 Enable
1 1 Enable 2 Enable
1 0 2 Enable 3 Enable
1 3 Enable 4 Enable
1 0 0 4 Enable 4 Enable
1 6 Enable 6 Enable
1 0 8 Enable 8 Enable
1 10 Enable 10 Enable
(Initial value)
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10.2.6  Individual Memory Control Register (MCR)

The individual memory control register (MCR) is a 16-bit read/write register that sp@&ciies
andCAS timing and burst control for DRAM(area 3 only), synchronous DRAM (areas 2 and 3
specifies address multiplexing, and controls refresh. This enables direct connection of DRAN
synchronous DRAM without external circuits.

The MCR is initialized to H'0000 by power-on resets, but is not initialized by manual resets o
standby mode. The bits TPC1-TPC0, RCD1-RCDO, TRWL1-TRWLO, TRAS1-TRASO, RAS
BE, AMX2-AMXO0, and EDOMODE are written to at the initialization after a power-on reset a
are not then modified again. When RFSH and RMODE are written to, write the same values
other bits. When using DRAM, and synchronous DRAM, do not access areas 2 and 3 until tt
register is initialized.

Bitt 15 14 13 12 11 10 9 8
\ TPC1 \ TPCO \ RCD1 \ RCDO \ TRWLl‘ TRWLO‘ TRASl‘ TRASO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
RASD BE AMX2 | AMX1 | AMXO RFSH | RMODE| EDO
MODE
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 and 14—RAS Precharge Time (TPC1, TPCOWhen DRAM interface is selected as
connected memory, the TPC bits set the minimum number of cycles until the next RAS asse
after RAS negation. When synchronous DRAM interface is selected, they set the minimum
number of cycles until output of the next bank-active command after precharge. Set the san
value for TPC31-30 and TPC21-20 in BCR3, TPC1-0 in the MCR, and TPC1-0 in the DCR

Bit 15: TPC1 Bit 14: TPCO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles
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Bits 13 and 12—RAS-CAS Delay (RCD1, RCDO)he RCD bits set the RAS—CAS assert delay
time for the connected memory when DRAM interface is selected. When synchronous DRAM
interface is selected, sets the bank active read/write command delay time. When the EXTENI
of BCR3 is set, the BSC ignores the RCD bits.

Bit 13: RCD1 Bit 12: RCDO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles

Bits 11 and 10—Write-Precharge Delay (TRWL1, TRWL0):The TRWL bits set the
synchronous DRAM write-precharge delay time. This designates the time between the end of
write cycle and the next bank-active command. This is valid only when synchronous DRAM is
connected. After the write cycle, the next bank-active command is not issued for the period TF
TRWL.

Bit 11: TRWL1 Bit 10: TRWLO Description

0 0 1 cycle (Initial value)
1 2 cycles
1 0 3 cycles
1 Reserved (Setting disabled)

Bits 9 and 8—CAS-Before-RAS RefreshRAS Assert Time (TRAS1, TRAS0):When DRAM
interface is selected as connected memory, the TRAS bits SeAfassertion period faFAS-
beforeRAS refreshes. When synchronous DRAM interface is selected, no bank-active comme
is issues during the period TPC + TRAS after an auto-refresh command. Set the same value 1
TRAS31-30 and TRAS21-20 in BCR3, TRAS1-0 in the MCR, and TRAS1-0 in the DCR.

Bit 9: TRAS1 Bit 8: TRASO Description

0 0 2 cycles (Initial value)
1 3 cycles

1 0 4 cycles
1 5 cycles

Bit 7—Synchronous DRAM Bank Active (RASD): Specifies whether synchronous DRAM is
used in bank active mode or auto-precharge mode. Set auto-precharge mode when areas 2
are both designated as synchronous DRAM space, or when 16 bits is set as the bus width.
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Bit 7: RASD Description

0 Auto-precharge mode (Initial value)

1 Bank active mode

Bit 6—Burst Enable (BE): The BE bit specifies whether to conduct a burst access of DRAM.
When accessing synchronous DRAM, burst access is always carried out, regardless of this |
designation.

Bit 6: BE Description
0 Burst disabled (Initial value)
1 When DRAM interface, do a high-speed page mode access

Bits 5 and 3—Address Multiplex (AMX2 to AMX0): The AMX bits specify address
multiplexing for DRAM and synchronous DRAM. The actual address shift value differs betwe
DRAM interface and synchronous DRAM interface.

For DRAM Interface:

Bit 5: Bit 4: Bit 3:
AMX2 AMX1 AMXO0 Description
0 0 0 The row address begins with A9. (The A9 value is output at A1
when the row address is output.) (Initial value)
1 The row address begins with A10. (The A10 value is output at
Al when the row address is output.)
1 0 The row address begins with A11. (The A1l value is output at
Al when the row address is output.)
1 The row address being with A12. (The A12 value is output at
Al when the row address is output.)
1 0 0 (Reserved)
1 (Reserved)
1 0 (Reserved)
1 (Reserved)
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For Synchronous DRAM Interface:

Bit5: Bit 4: Bit 3:
AMX2 AMX1 AMXO0 Description
1 0 0 The row address begins with A9. (The A9 value is output at Al
when the row address is output. 4 M x 16-bit products)
(Initial value)
1 The row address begins with A10. (The A10 value is output at
Al when the row address is output. 8 M x 8-bit products)
1 0 The row address begins with A11. (The A1l value is output at
Al when the row address is output. 16 M x 4-bit products)**
1 The row address begins with A9. (The A9 value is output at A1
when the row address is output. 2 M x 32-bit products) **
0 0 0 The row address begins with A9. (The A9 value is output at A1
when the row address is output. 1 M x 16-bit products)
(Initial value)
1 The row address begins with A10. (The A10 value is output at
Al when the row address is output. 2 M x 8-bit products)**
1 0 The row address begins with A11. (The A1l value is output at
Al when the row address is output. 4 M x 4-bit products)
1 The row address begins with A9. (The A9 value is output at A1

when the row address is output. 256 K x 16-bit products)

Notes: 1. Can only be set when using a 16-bit bus width.
2. Can only be set when using a 32-bit bus width.

Bit 2—Refresh Control (RFSH): The RFSH bit determines whether or not the refresh operatior
of the DRAM and synchronous DRAM is performed. The timer for generation of the refresh
request frequency can also be used as an interval timer.

Bit 2: RFSH Description
0 No refresh (Initial value)
1 Refresh

Bit 1—Refresh Mode (RMODE): The RMODE bit selects whether to perform an ordinary
refresh or a self-refresh when the RFSH bit is 1. When the RFSH bit is 1 and this bit is 0, a C/
before-RAS refresh or an auto-refresh is performed on DRAM or synchronous DRAM at the
period set by the refresh-related registers RTCNT, RTCOR and RTCSR. When a refresh requ
occurs during an external bus cycle, the bus cycle will be ended and the refresh cycle perforn
When the RFSH bit is 1 and this bit is also 1, the DRAM or synchronous DRAM will wait for th
end of any executing external bus cycle before going into a self-refresh. All refresh requests t
memory that is in the self-refresh state are ignored.
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Bit 1: RMODE Description
0 CAS-before-RAS refresh (RFSH must be 1) (Initial value)
1 Self-refresh (RFSH must be 1)

Bit 0—EDO Mode (EDOMODE): The EDOMODE bit specifies the data sampling timing durir
data reads when using DRAM in EDO mode. Operating timing of memory other than DRAM
not change even if this bit is set. This bit is only valid for DRAM connected to area 3. Do not
this bit to 1 when using synchronous DRAM.

Bit 0: EDOMODE Description

0 Set when using normal DRAM. Data sampling timing during read cycle is on
the falling edge of CKIO. (Initial value)

1 Set when using the EDO-mode DRAM. Data sampling timing during read
cycle is on the rising edge of CKIO. Also, RAS signal negate timing is
delayed 1/2 machine cycle.

10.2.7 DRAM Control Register (DCR)

The DRAM control register (DCR) is a 16-bit read/write register that speBiidsandCAS

timing and burst control for DRAM connected to area 2. It also specifies address multiplexing
controls refresh. When DRAM is connected to area 2, the bus width is fixed at 16 bits. The D
initialized to H'0000 by power-on resets, but is not initialized by manual resets or standby mc
Do not access external memory outside area 2 until this register’s initialization is complete.

Bitt 15 14 13 12 11 10 9 8
\ TPC1 \ TPCO \ RCD1 \ RCDO \ — \ — \ TRASl‘ TRASO‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW  RW R R RW  RW
Bitt 7 6 5 4 3 2 1 0
\ — \ BE \ — \ AMX1 \ AMX0 \ RFSH ‘RMODE‘ — \
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RW RW RW  RW
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Bits 15 and 14—RAS Precharge Time (TPC1, TPCO)Xhe TPC bits set the RAS precharge
time for the DRAM connected to area 2. Set the same value for TPC31-30 and TPC21-20 in
BCR3, TPC1-0 in the MCR, and TPC1-0 in the DCR.

Bit 15: TPC1 Bit 14: TPCO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles

Bits 13 and 12—RAS-CAS Delay (RCD1, RCDO)he RCD bits set the RAS—CAS delay time
for the DRAM connected to area 2. When the BCR3 EXTEND bit is set, the BSCP ignores bit:
and 12.

Bit 13: RCD1 Bit 12: RCDO Description

0 0 1 cycle (Initial value)
1 2 cycles

1 0 3 cycles
1 4 cycles

Bits 11, 10, 7, 5, and 0—Reservedhese bits are always read as 0. The write value should
always be 0.

Bits 9 and 8—CAS-Before-RAS Refresh RAS Assert Time (TRAS1, TRASOJhe TRAS bits
set timing for the DRAM connected to area 2. These bits set the RAS assert period for CAS-
before-RAS refreshes. Set the same value for TRAS31-30 and TRAS21-20 in BCR3, TRASI1
in the MCR, and TRAS1-0 in the DCR.

Bit 9: TRAS1 Bit 8: TRASO Description

0 0 2 cycles (Initial value)
1 3 cycles

1 0 4 cycles
1 5 cycles
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Bit 6—Burst Enable (BE): The BE bit specifies whether to conduct a burst access of the DRA
connected to area 2.

Bit 6: BE Description
0 Burst disabled (Initial value)
1 High-speed page mode access

Bits 4 and 3—Address Multiplex (AMX1, AMX0): The AMX bits specify address multiplexing
for the DRAM connected to area 2.

Bit 4: AMX1 Bit 3: AMXO0 Description

0 0 8-bit column-address products (Initial value)
1 9-bit column-address products

1 0 10-bit column-address products
1 11-bit column-address products

Bit 2—Refresh Control (RFSH): The RFSH bit determines whether or not the refresh operatic
of the DRAM connected to area 2 is performed

Bit 2: RFSH Description
0 No refresh (Initial value)
1 Refresh

Bit 1—Refresh Mode (RMODE): The RMODE bit selects the refresh mode for the DRAM
connected to area 2.

Bit 1: RMODE Description
0 CAS-before-RAS refresh (RFSH must be 1) (Initial value)
1 Self-refresh (RFSH must be 1)

Bits 11, 10, 7, 5, and 0—Reservedhese bits are always read as 0. The write value should
always be 0.
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10.2.8 PCMCIA Control Register (PCR)

Bitt 15 14 13 12 11 10 9 8
\ ABW3 \ ASW3 \ — \ — ‘ASTEDZ‘AGTEDZ‘ASTEHZ‘ A6TEH2‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ A5TED1‘ A5TEDO‘ A6TED1‘ A6TEDO‘ A5TEH1‘ A5TEHO‘ A6TEH1‘ A6TEHO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Bit 15—Area 6 Wait Control (A6W3): The A6W3 bit specifies the number of inserted wait
states for area 6 combined with bits A6W2-A6WO0 in WCR2. It also specifies the number of
transfer states in burst transfer. Set this bit to 0 when area 6 is not set to PCMCIA.

Top Cycle Burst Cycle
Number of
States per

Inserted L One-data _
ABW3  ABW2  ABW1  ABWO Wait State WAIT Pin Transfer WAIT Pin
0 0 0 0 0 Ignored 2 Enabled
0 0 0 1 1 Enabled 2 Enabled
0 0 1 0 2 Enabled 3 Enabled
0 0 1 1 3 Enabled 4 Enabled
0 1 0 0 4 Enabled 5 Enabled
0 1 0 1 6 Enabled 7 Enabled
0 1 1 0 8 Enabled 9 Enabled
0 1 1 1 10 Enabled 11 Enabled

(Initial value)
1 0 0 0 12 Enabled 13 Enabled
1 0 0 1 14 Enabled 15 Enabled
1 0 1 0 18 Enabled 19 Enabled
1 0 1 1 22 Enabled 23 Enabled
1 1 0 0 26 Enabled 27 Enabled
1 1 0 1 30 Enabled 31 Enabled
1 1 1 0 34 Enabled 35 Enabled
1 1 1 1 38 Enabled 39 Enabled

Bit 14—Area 5 Wait Control (A5W3): The A5W3 bit specifies the number of inserted wait
states for area 5 combined with bits ASW2-A5W0 in WCR2. It also specifies the number of
transfer states in burst transfer. Set this bit to 0 when area 5 is not set to PCMCIA.

The relationship between the setting value and the number of waits is the same as A6W3.

Bits 13 and 12—ReservedThese bits are always read as 0. The write value should always be
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Bits 11, 7, and 6—Area 5 Address OE/WE Assert Delay (ASTED2 to ASTEDOyhe ASTED
bits specify the address to OE/WE assert delay time for the PCMCIA interface connected to a

5.
Bit 11: Bit 7: Bit 6:
ASTED2 ASTED1 ASTEDO  Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay

Bits 10, 5, and 4—Area 6 Address OE/WE Assert Delay (A6TED2 to AGTEDOyhe AG6TED
bits specify the address to OE/WE assert delay time for the PCMCIA interface connected to a

6.
Bit 10: Bit 5: Bit 4:
A6TED2 A6TED1 AG6TEDO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay
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Bits 9, 3, and 2—Area 5 OE/WE Negate Address Delay (ASTEH2 to ASTEHOT:he ASTEH
bits specify the OE/WE negate address delay time for the PCMCIA interface connected to ar

Bit 9: Bit 3: Bit 2:
ASTEH2 AS5TEH1 ASTEHO  Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay

Bits 8, 1, and 0—Area 6 OE/WE Negate Address Delay (A6TEH2 to A6TEHOJhe A6TEH
bits specify the OE/WE negate address delay time for the PCMCIA interface connected to ar

Bit 8: Bit 1: Bit 0:
A6TEH2 A6TEH1 AG6TEHO Description
0 0 0 0.5-cycle delay (Initial value)
1 1.5-cycle delay
1 0 2.5-cycle delay
1 3.5-cycle delay
1 0 0 4.5-cycle delay
1 5.5-cycle delay
1 0 6.5-cycle delay
1 7.5-cycle delay
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10.2.9 Synchronous DRAM Mode Register (SDMR)

The synchronous DRAM mode register (SDMR) is written to via the synchronous DRAM addr
bus and is an 8-bit write-only register. It sets synchronous DRAM mode for areas 2 and 3. SD
is undefined after a power-on reset. The register contents are not initialized by a manual rese
standby mode; values remain unchanged.

Writes to the synchronous DRAM mode register use the address bus rather than the data bus
value to be set is X and the SDMR address is Y, the value X is written in the synchronous DR
mode register by writing in address X + Y. Since, with a 32-bit bus width, A0 of the synchronc
DRAM is connected to A2 of the chip and Al of the synchronous DRAM is connected to A3 of
the chip, the value actually written to the synchronous DRAM is the X value shifted two bits rig
With a 16-bit bus width, the value written is the X value shifted one bit right. For example, with
32-bit bus width, when H'0230 is written to the SDMR register of area 2, random data is writte
the address H'FFFFDOOO (address Y) + H'08CO (value X), or H'FFFFD8CO. As a result, H'022
written to the SDMR register. The range for value X is H'0000 to H'OFFC. When H'0230 is
written to the SDMR register of area 3, random data is written to the address H'FFFFE0Q00
(address Y) + H'08CO (value X), or H'FFFFEBCO. As a result, H'0230 is written to the SDMR
register. The range for value X is H'0000 to H'OFFC.

Bit: 31 12 11 10 9 8
‘ SDMR address ‘ — ‘ — ‘ — ‘ — ‘

Initial value: — rr———— — — — — —
R/W: — — W* W* " w

Bit: 7 6 5 4 3 2 1 0
-l -1 -1 -1T-1T-7T-17=-

Initial value: — — — — — — — _
R/W: W " w " w W "% —

Note: Depending on the type of synchronous DRAM.
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10.2.10 Refresh Timer Control/Status Register (RTCSR)

The refresh timer control/status register (RTCSR) is a 16-bit read/write register that specifies
refresh cycle, whether to generate an interrupt, and that interrupt’s cycle. It is initialized to H'
by a power-on reset, but is not initialized by a manual reset or standby mode.

Note:

Writing to the RTCSR differs from that to general registers to ensure the RTCSR is n
rewritten incorrectly. Use the word-transfer instruction to set the upper byte as
B'10100101 and the lower byte as the write data. For details, see section 10.2.14, Cs
on Accessing Refresh Control Related Registers.

Bitt 15 14 13 12 11 10 9 8
-l -1-1T-1T-7T-=-1-=-17=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ CMF \ CMIE‘ CKS2 \ CKSl‘ CKS0 \ OVF \ OVIE \ LMTS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 8—ReservedThese bits are always read as 0. The write value should always be O.

Bit 7—Compare Match Flag (CMF): The CMF status flag indicates that the values of RTCNT
and RTCOR match.

Bit 7: CMF Description

0

The values of RTCNT and RTCOR do not match.

Clear condition: When a refresh is performed After 0 has been written in
CMF and RFSH =1 and RMODE =0 (to perform a CBR refresh).

(Initial value)

The values of RTCNT and RTCOR match.
Set condition: RTCNT = RTCOR *

Note : Contents do not change when 1 is written to CMF.
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Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables an interrupt request
caused when the CMF of RTCSR is set to 1. Do not set this bit to 1 when using CAS-before-F
refresh or auto-refresh.

Bit 6: CMIE Description
0 Disables an interrupt request caused by CMF (Initial value)
1 Enables an interrupt request caused by CMF

Bits 5 to 3—Clock Select Bits (CKS2 to CKS0)Select the clock input to RTCNT. The source
clock is the external bus clock (BCLK). The RTCNT count clock is CKIO divided by the specifi
ratio. The specified ratios are shown below in the normal external bus clock and when setting
external bus clock to 1/4 by setting the SLPFRQ bit in FRQCR to 1 in sleep mode.

Description
Normal external bus
Bit 5: CKS2 Bit 4: CKS1 Bit 3: CKSO clock 1/4-bus clock
0 0 0 Disables clock input Disables clock input
(Initial value)
1 Bus clock (CKIO)/4 CKIO/1
1 0 CKIO/16 CKlO/4
1 CKlO/64 CKIO/16
1 0 0 CKI0/256 CKlIO/64
1 CKI0/1024 CKI0/256
1 0 CKI10/2048 CKIO/512
1 CKl10/4096 CKIO/1024

Bit 2—Refresh Count Overflow Flag (OVF): The OVF status flag indicates when the number o
refresh requests indicated in the refresh count register (RFCR) exceeds the limit set in the LM
bit of RTCSR.

Bit 2: OVF Description

0 RFCR has not exceeded the count limit value set in LMTS
Clear Conditions: When 0 is written to OVF (Initial value)

1 RFCR has exceeded the count limit value set in LMTS
Set Conditions: When the RFCR value has exceeded the count limit value
set in LMTS*

Note: Contents don’t change when 1 is written to OVF.
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Bit 1—Refresh Count Overflow Interrupt Enable (OVIE): OVIE selects whether to suppress
generation of interrupt requests by OVF when the OVF bit of RTCSR is set to 1.

Bit 1: OVIE Description
0 Disables interrupt requests from the OVF (Initial value)
1 Enables interrupt requests from the OVF

Bit 0—Refresh Count Overflow Limit Select (LMTS): Indicates the count limit value to be
compared to the number of refreshes indicated in the refresh count register (RFCR). When tl
value RFCR overflows the value specified by LMTS, the OVF flag is set.

Bit 0: LMTS Description
0 Count limit value is 1024 (Initial value)
1 Count limit value is 512

10.2.11 Refresh Timer Counter (RTCNT)

RTCNT is a 16-bit read/write register. RTCNT is an 8-bit counter that counts up with input clc
The clock select bits (CKS2—-CKSO0) of RTCSR select the input clock. When RTCNT matche:
RTCOR, the CMF bit of RTCSR is set and RTCNT is cleared. RTCNT is initialized to H'00 by
power-on reset; it continues incrementing after a manual reset; it is not initialized by standby
mode and holds its values unchanged.

Note: Writing to the RTCNT differs from that to general registers to ensure the RTCNT is n«
rewritten incorrectly. Use the word-transfer instruction to set the upper byte as
B'10100101 and the lower byte as the write data. For details, see section 10.2.14, Ca
on Accessing Refresh Control Related Registers.

Bit: 15 14 13 12 11 10 9 8

R/W: — — — — — — — —

Bit: 7 6 5 4 3 2 1 0
Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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10.2.12 Refresh Time Constant Register (RTCOR)

The refresh time constant register (RTCOR) is a 16-bit read/write register. The values of RTC
and RTCNT (bottom 8 bits) are constantly compared. When the values match, the compare
flag (CMF) of RTCSR is set and RTCNT is cleared to 0. When the refresh bit (RFSH) of the
individual memory control register (MCR) is set to 1 and the refresh mode is set to CAS-befor
RAS refresh, a memory refresh cycle occurs when the CMF bit is set. RTCOR s initialized to
H'00 by a power-on reset. It is not initialized by a manual reset or standby mode, but holds its
contents. Make the RTCOR setting before setting bits CKS2 to CKS0 in RTCSR.

Note: Writing to the RTCOR differs from that to general registers to ensure the RTCOR is nc
rewritten incorrectly. Use the word-transfer instruction to set the upper byte as
B'10100101 and the lower byte as the write data. For details, see section 10.2.14, Cau
on Accessing Refresh Control Related Registers.

Bitt 15 14 13 12 11 10 9 8
7770 MM
RW:  — — — — — — — —
Bit: 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

10.2.13 Refresh Count Register (RFCR)

The refresh count register (RFCR) is a 16-bit read/write register. It is a 10-bit counter that
increments every time RTCOR and RTCNT match. When RFCR exceeds the count limit value
in the LMTS of RTCSR, RTCSR’s OVF bit is set and RFCR clears. RFCR is initialized to H'00
when a power-on reset is performed. It is not initialized by a manual reset or standby mode, b
holds its contents.

Note: Writing to the RFCR differs from that to general registers to ensure the RFCR is not
rewritten incorrectly. Use the word-transfer instruction to set the MSB and followed six
bits of upper bytes as B'101001 and remaining bits as the write data. For details, see
section 10.2.14, Cautions on Accessing Refresh Control Related Registers.
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Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: — — — — — — R/W R/W
Bit: 7 6 5 4 3 2 1 0
| ] ] | ] |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

10.2.14 Cautions on Accessing Refresh Control Related Registers

RFCR, RTCSR, RTCNT, and RTCOR require that a specific code be appended to the data v
is written to prevent data from being mistakenly overwritten by program overruns or other wri
operations (figure 10.5). Perform reads and writes using the following methods:

1. When writing to RFCR, RTCSR, RTCNT, and RTCOR, use only word transfer instruction:
You cannot write with byte transfer instructions.

When writing to RTCNT, RTCSR, or RTCOR, place B'10100101 in the upper byte and the
write data in the lower byte. When writing to RFCR, place B'101001 in the top 6 bits and t
write data in the remaining bits, as shown in figure 10.5.

15 8 7 0

RTCSR,RTCNT, | 1 [o[1 [o|o | 1[0 1] Write data |
RTCOR

15 10 9 0

RFCR|1 o1 ]o]o | 1] Write data |

Figure 10.5 Writing to RFCR, RTCSR, RTCNT, and RTCOR

2. When reading from RFCR, RTCSR, RTCNT, and RTCOR, carry out reads with 16-bit wic
0 is read out from undefined bit sections.
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10.2.15 MCSO0 Control Register (MCSCRO0)

The MCSO control register (MCSCRO) is a 16-bit read/write register that specifiekC8{6] pin
output conditions.

MCSCR]0] is initialized to H'0000 by a power-on reset, but is not initialized by a manual reset «
in standby mode.

As theMCSJ[0] pin is multiplexed as the PTCO pin, when using the piM@&S|[0], bits
PCOMDI1:0] in the PCCR register should be set to 00 (other function).

Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ — \ CSZ/O‘ CAP1 \ CAPO \ A25 \ A24 \ A23 \ A22 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 7—ReservedThese bits are always read as 0. The write value should always be O.

Bit 6—CS2/CS0 Select (CS2/0elects whether an area 2 or area 0 address is to be decoded.

Bit 6: CS2/0 Description
0 Area 0 is selected
1 Area 2 is selected

Bits 5 and 4—Connected Memory Size Specification (CAP1, CAPOQ)

Bit 5: CAP1 Bit 4: CAPO Description

0 0 32-Mbit memory is connected
0 1 64-Mbit memory is connected
1 0 128-Mbit memory is connected
1 1 256-Mbit memory is connected

Bits 3 to 0—Start Address Specification (A25 to A22)These bits specify the start address of
the memory area for whiadlCS[0] is asserted.
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10.2.16 MCSL1 Control Register (MCSCR1)

The MCS1 control register (MCSCR1) specifiesMi@S[1] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.17 MCS2 Control Register (MCSCR2)

The MCS2 control register (MCSCR2) specifies Mi@S[2] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.18 MCS3 Control Register (MCSCR3)

The MCS3 control register (MCSCR3) specifies MiES[3] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.19 MCS4 Control Register (MCSCR4)

The MCS4 control register (MCSCR4) specifiesMi@S[4] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.20 MCSS5 Control Register (MCSCR5)

The MCS5 control register (MCSCR5) specifiesM@S[5] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.21 MCS6 Control Register (MCSCRG6)

The MCS6 control register (MCSCRG6) specifiesMES[6] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.

10.2.22 MCS7 Control Register (MCSCR7)

The MCS?7 control register (MCSCRY7) specifies MiES[7] pin output conditions.

The bit configuration and functions are the same as those of MCSCRO.
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10.3 BSC Operation

10.3.1 Endian/Access Size and Data Alignment

This LSI supports both big endian, in which the 0 address is the most significant byte in the by
data, and little endian, in which the 0 address is the least significant byte. This switchover is
designated by an external pin (MD5 pin) at the time of a power-on reset. After a power-on res
big endian is engaged when MD5 is low; little endian is engaged when MD5 is high.

Three data bus widths are available for ordinary memory (byte, word, longword) and two data
widths (word and longword) for DRAM and synchronous DRAM. For the PCMCIA interface,
choose from byte and word. This means data alignment is done by matching the device’s dat:
width and endian. The access unit must also be matched to the device’s bus width. This also
means that when longword data is read from a byte-width device, the read operation must haj
4 times. In this LSI, data alignment and conversion of data length is performed automatically
between the respective interfaces.

Tables 10.7 through 10.12 show the relationship between endian, device data width, and acce
unit.

Table 10.7 32-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals

WES3, WE2, WET1, WEDO,
CASHH, CASHL, CASLH, CASLL,
Operation D31-D24 D23-D16 D15-D8 D7-DO DQMUU DQMUL DQMLU DQMLL

Byte access Data — — — Assert
ato 7-0

Byte access — Data — — Assert
atl 7-0

Byte access — — Data — Assert
at 2 7-0

Byte access — — — Data Assert
at 3 7-0

Word access Data Data — — Assert Assert
ato 15-8 7-0

Word access— — Data Data Assert Assert
at 2 15-8 7-0

Longword Data Data Data Data Assert Assert Assert Assert
accessat0 31-24 23-16 15-8 7-0
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Table 10.8 16-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WET, WEO,
D31- D23- CASHH, CASHL, CASLH, CASLL,
Operation D24 D16 D15-D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — Data — Assert —
7-0
Byte access at 1 — — — Data Assert
7-0
Byte access at 2 — — Data — Assert —
7-0
Byte access at 3 — — — Data Assert
7-0
Word accessat0 — — Data Data Assert Assert
15-8 7-0
Word accessat2 — — Data Data Assert Assert
15-8 7-0
Longword 1st — — Data Data Assert Assert
access time at 0 31-24 23-16
ato 2nd — — Data Data Assert Assert
time at 2 15-8 7-0
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Table 10.9 8-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WE1, WEDO,
D31- D23- D15- CASHH, CASHL, CASLH, CASLL,

Operation D24 D16 D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data 7-0 Assert
Byte access at 1 — — — Data 7-0 Assert
Byte access at 2 — — — Data 7-0 Assert
Byte access at 3 — — — Data 7-0 Assert
Word 1sttime — — — Data Assert
accessat0 atO 15-8

2nd time — — — Data Assert

atl 7-0
Word 1sttime — — — Data Assert
accessat2 at2 15-8

2nd time — — — Data Assert

at3 7-0
Longword 1sttime — — — Data Assert
accessat0 atO 31-24

2nd time — — — Data Assert

atl 23-16

3rd time — — — Data Assert

at 2 15-8

4th time — — — Data Assert

at3 7-0
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Table 10.10 32-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals

WES3, WE2, WET1, WEDO,

CASHH, CASHL, CASLH, CASLL,
Operation D31-D24 D23-D16 D15-D8 D7-DO0 DQMUU DQMUL DQMLU DQMLL
Byte access — — — Data Assert
at0 7-0
Byte access — — Data — Assert
atl 7-0
Byte access — Data — — Assert
at 2 7-0
Byte access Data — — — Assert
at3 7-0
Word access— — Data Data Assert Assert
at0 15-8 7-0
Word accessData Data — — Assert Assert
at 2 15-8 7-0
Longword Data Data Data Data Assert Assert Assert Assert
accessat0 31-24 23-16 15-8 7-0
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Table 10.11 16-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WET, WEO,
D31- D23- CASHH, CASHL, CASLH, CASLL,
Operation D24 D16 D15-D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data Assert
7-0
Byte access at 1 — — Data — Assert
7-0
Byte access at 2 — — — Data Assert
7-0
Byte access at 3 — — Data — Assert
7-0
Word accessat0 — — Data Data Assert Assert
15-8 7-0
Word accessat2 — — Data Data Assert Assert
15-8 7-0
Longword 1st — — Data Data Assert Assert
access time at 0 15-8 7-0
ato 2nd — — Data Data Assert Assert
time at 2 31-24 23-16
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Table 10.12 8-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
WES3, WE2, WE1, WEO,
D31- D23- D15- CASHH, CASHL, CASLH, CASLL,

Operation D24 D16 D8 D7-DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data 7-0 Assert
Byte access at 1 — — — Data 7-0 Assert
Byte access at 2 — — — Data 7-0 Assert
Byte access at 3 — — — Data 7-0 Assert
Word 1st time — — — Data 7-0 Assert
accessat0 atO

2nd time— — — Data Assert

atl 15-8
Word 1st time — — — Data 7-0 Assert
accessat2 at2

2nd time— — — Data Assert

at3 15-8
Longword  1sttime — — — Data 7-0 Assert
accessat0 atO

2nd time— — — Data Assert

atl 15-8

3rd time — — — Data Assert

at 2 23-16

4th time — — — Data Assert

at3 31-24
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10.3.2  Description of Areas

Area 0: Area 0 physical addresses A28—A26 are 000. Addresses A31-A29 are ignored and th
address range is H'00000000 + H'20000800- H'03FFFFFF + H'20000060n (n=0-6 and n
= 1-6 are the shadow spaces).

Ordinary memories such as SRAM, ROM, and burst ROM can be connected to this space. By
word, or longword can be selected as the bus width using external pins MD3 and MD4. When
area 0 space is accessesa signal is asserted. &D signal that can be used@E and the
WEO-WE3 signals for write control are also asserted. The number of bus cycles is selected
between 0 and 10 wait cycles using the AOW2-A0WO bits of WCR2. When the burst function
used, the bus cycle pitch of the burst cycle is determined within a range of 2-10 according to
number of waits.

Area 1: Area 1 physical addresses A28—A26 are 001. Addresses A31-A29 are ignored and th
address range is H'04000000 + H'20000800- H'07FFFFFF + H'20000060n (n=0-6 and n
= 1-6 are the shadow spaces).

Area 1 is the area specifically for the internal peripheral modules. The external memories cani
be connected.

Control registers of peripheral modules shown below are mapped to this area 1. Their addres:

are physical address, to which logical addresses can be mapped with the MMU enabled:
DMAC, PORT, IrDA, SCIF, ADC, DAC, INTC (except INTEVT, IPRA, IPRB)

Those registers must be set not to be cached.

Area 2: Area 2 physical addresses A28—-A26 are 010. Addresses A31-A29 are ignored and th
address range is H'08000000 + H'20000800- H'OBFFFFFF + H'200000060n (n=0-6 and n
= 1-6 are the shadow spaces).

Ordinary memories like SRAM and ROM, as well as DRAM and synchronous DRAM, can be
connected to this space. Byte, word, or longword can be selected as the bus width using the
A2SZ1-A2SZ0 bits of BCR2 for ordinary memory. When DRAM is connected to Area 2, the b
width is fixed at 16 bits.

When the area 2 space is access€f2Zsignal is asserted. When ordinary memories are
connected, aRD signal that can be used@E and theWE0-WE3 signals for write control are
also asserted and the number of bus cycles is selected between 0 and 3 wait cycles using the
A2W1 to A2WO bits of WCR2.

When synchronous DRAM is connected, R¥eS3U, RAS3L signal,CASU, CASL signal,

RD/WR signal, and byte controls DQMHH, DQMHL, DQMLH, and DQMLL are all asserted an
addresses multiplexed. ControlRAS3U, RAS3L, CASU, CASL, data timing, and address
multiplexing is set with MCR.
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When DRAM is connected, tlRAS?2 signal, CAS2H signal,CAS2L signal, and RDWVR signal
are all asserted and addresses multiplexed. ContRAS2, CAS, data timing, and address
multiplexing is set with DCR.

Area 3: Area 3 physical addresses A28—A26 are 011. Addresses A31-A29 are ignored and t
address range is H'0C000000 + H'200008@0- H'OFFFFFFF + H'20000080n (n=0-6 and n
= 1-6 are the shadow spaces).

Ordinary memories like SRAM and ROM, as well as DRAM, and synchronous DRAM, can b
connected to this space. Byte, word or longword can be selected as the bus width using the
A3S71-A3SZ0 bits of BCR2 for ordinary memory. For DRAM, word or longword can be
selected using the SZ bit of MCR.

When area 3 space is access&t] is asserted.

When ordinary memories are connected, an RD signal that can be @edras theWEO-WE3
signals for write control are asserted and the number of bus cycles is selected between 0 an
cycles using the A3W1 to A3WO bits of WCR2.

When synchronous DRAM is connected, R¥eS3U, RAS3L signal, CASU, CASL signal,

RD/WR signal, and byte controls DQMHH, DQMHL, DQMLH, and DQMLL are all asserted ai
addresses multiplexed. When DRAM is connectedRth83U, RAS3L signal,CASHH signal,
CASHL signal,CASLH signal,CASLL signal, and RDVR signal are all asserted and addresses
multiplexed. For all of these, tiRAS signal,CASHH signal,CASHL signal, CASLH signal,
CASLL signal, and RDWVR signal are all asserted and addresses multiplexed. ConRalSyf
CAS, and data timing and of address multiplexing is set with MCR.

Area 4: Area 4 physical addresses A28—-A26 are 100. Addresses A31-A29 are ignored and t
address range is H'20000000 + H'20000800- H'13FFFFFF + H'20000060n (n= 0-6 and n
= 1-6 are the shadow spaces).

Only ordinary memories like SRAM and ROM can be connected to this space. Byte, word, ol
longword can be selected as the bus width using the A4SZ1-A4SZ0 bits of BCR2. When the
4 space is accessed; 84 signal is asserted. RD signal that can be used@E and theWE0—
WE3 signals for write control are also asserted. The number of bus cycles is selected betwe
and 10 wait cycles using the A4W2—-A4WO0 bits of WCR2.

Area 5: Area 5 physical addresses A28—-A26 are 101. Addresses A31-A29 are ignored and t
address range is the 64 Mbytes at H'14000000 + H'20000060H'17FFFFFF + H'20000060
n (n=0-6 and n= 1-6 are the shadow spaces).

Ordinary memories like SRAM and ROM as well as burst ROM and PCMCIA interfaces can |
connected to this space. When the PCMCIA interface is used, the IC memory card interface
address range comprises the 32 Mbytes at H'14000000 + H'20000000 x n to H'15FFFFFF +
H'20000000 x n (where n = 0—6, and n = 1—6 represents shadow space), and the 1/O card
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interface address range comprises the 32 Mbytes at H'26000000 + H'20000000 x n to H'17FF
+ H'20000000 x n (where n = 0—6, and n = 1—6 represents shadow space).

For ordinary memory and burst ROM, byte, word, or longword can be selected as the bus wid
using the A5SZ1-A5SZ0 bits of BCR2. For the PCMCIA interface, byte, and word can be
selected as the bus width using the A5SZ1-A5SZ0 bits of BCR2.

When the area 5 space is accessed and ordinary memory is conn€&tedjgnal is asserted. An
RD signal that can be used®E and theWE0-WE3 signals for write control are also asserted.
When the PCMCIA interface is used, #iE1A signal,CE2A signal,RD signal a<OE signal, and
WEI signal are asserted.

The number of bus cycles is selected between 0 and 10 wait cycles using the ASW2-A5W0 b
WCR2. With the PCMCIA interface, from 0 to 38 wait cycles can be selected using the ASW2-
A5WO bits of WCR2 and the A5W3 bit of PCR. In addition, any number of waits can be insert
in each bus cycle by means of the external waitWiAKT). When a burst function is used, the
bus cycle pitch of the burst cycle is determined within a range of 2-11 (2—-39 for the PCMCIA
interface) according to the number of waits. The setup and hold times of adfifefes/the
read/write strobe signals can be set in the range 0.5-7.5 using ASTED2-A5TEDO and ASTEH
AS5TEHO bits of the PCR register.

Area 6: Area 6 physical addresses A28—-A26 are 110. Addresses A31-A29 are ignored and th
address range is the 64 Mbytes at H'18000000 + H'20000060H'1BFFFFFF + H'20000060
n (n=0-6 and = 1-6 are the shadow spaces).

Ordinary memories like SRAM and ROM as well as burst ROM and PCMCIA interfaces can b
connected to this space. When the PCMCIA interface is used, the IC memory card interface
address range is 32 Mbytes at H'18000000 + H'20008000 H'19FFFFFF + H'20000060n

and the I/O card interface address range is 32 Mbytes at H'2A000000 + H'20800600
H'1BFFFFFF + H'20000008 n (n= 0-6 and r= 1-6 are the shadow spaces).

For ordinary memory and burst ROM, byte, word, or longword can be selected as the bus wid
using the A6SZ1-A6SZ0 bits of BCR2. For the PCMCIA interface, byte, and word can be
selected as the bus width using the A6SZ1-A6SZ0 bits of BCR2.

When the area 6 space is accessed and ordinary memory is conn€Stedjgnal is asserted. An
RD signal that can be used@E and theWEO0-WE3 signals for write control are also asserted.
When the PCMCIA interface is used, #E1B signal,CE2B signal,RD signal aOE signal, and
WE, ICIORD, andICIOWR signals are asserted.

The number of bus cycles is selected between 0 and 10 wait cycles using the A6W2-A6WO0 b
WCR2. With the PCMCIA interface, from 0 to 38 wait cycles can be selected using the AGW2-
AB6WO bits of WCR2 and the A6W3 bit of PCR. In addition, any number of waits can be insert
in each bus cycle by means of the external waitWiAKT). The bus cycle pitch of the burst cycle
is determined within a range of 2—-11 (2—39 for the PCMCIA interface) according to the numbe
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waits. The setup and hold times of addi@Ssé/for the read/write strobe signals can be set in the
range 0.5-7.5 using AGTED2—-A6TEDO and A6TEH2—AG6TEHO bits of the PCR register.

10.3.3 Basic Interface

Basic Timing: The basic interface of the SH7709A uses strobe signal output in consideratior
the fact that mainly static RAM will be directly connected. Figure 10.6 shows the basic timing
normal space accesses. A no-wait normal access is completed in two cycleS.sigwal is
asserted for one cycle to indicate the start of a bus cycleCSinsignal is negated on the T2
clock falling edge to secure the negation period. Therefore, in case of access at minimum pit
there is a half-cycle negation period.

There is no access size specification when reading. The correct access start address is outp
least significant bit of the address, but since there is no access size specification, 32 bits are
read in case of a 32-bit device, and 16 bits in case of a 16-bit device. When writing, o¥ly the
signal for the byte to be written is asserted. For details, see section 10.3.1, Endian/Access S
Data Alignment.

Read/write for cache fill or write-back follows the set bus width and transfers a total of 16 byt
continuously. The bus is not released during this transfer. For cache misses that occur durin
or word operand accesses or branching to odd word boundaries, the fill is always performed
longword accesses on the chip-external interface. Write-through-area write access and non-
cacheable read/write access are based on the actual address size.
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CKIO
A25 to AO

Figure 10.6 Basic Timing of Basic Interface
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Figures 10.7, 10.8, and 10.9 show examples of connection to 32, 16, and 8-bit data-width stz
RAM, respectively.

128k x 8-hit
SH7709A SRAM
Al8 Al6
A2 - — Ao
Csn cs
RD OE
D31 1107
D24 i 1ioo
WE3 WE
D23
D16 : A16
WE2 : :
D15 ~ A0
_ D8 OE
WE1 1107
D7 : :
: : 1/00
DO WE
WED
Al6
Ao
CcsS
OE
1107
1/00
WE
Al6
Ao
Ccs
OE
1107
1/00
WE

Figure 10.7 Example of 32-Bit Data-Width Static RAM Connection
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SH7709A

Al7

_Al
Csn

RD
D15

D8
WE1
D7

DO
WEDO

128k x 8-bit
SRAM

Al6

Ao
cs

OE
1107

1/00
WE

Al16

Ao
cs

OE
1107

1/00
WE

280

Figure 10.8 Example of 16-Bit Data-Width Static RAM Connection
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SH7709A

Al6

_A0
CSn
RD
D7

DO
WEOQ

128k x 8-bit
SRAM

Al6

Ao
cs

OE
/o7

1/00
WE

Figure 10.9 Example of 8-Bit Data-Width Static RAM Connection
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Wait State Control: Wait state insertion on the basic interface can be controlled by the WCR2
settings. If the WCR2 wait specification bits corresponding to a particular area are not zero, a
software wait is inserted in accordance with that specification. For details, see section 10.2.5,
Control Register 2 (WCR2).

The specified number of Tw cycles are inserted as wait cycles using the basic interface wait ti
shown in figure 10.10.

| T1 | Tw | T2 |
Tt TP
DR R e
| | | | | | |
| \ | | | |

CKIo J_\_/_\_/ \_/
| ! | | | ! |
| ! | | | | |
| | | | | | |
| | | | | | |

A25 to A0 :>< l ! l | l X
| | | | | | |
| ! | | | | |
| ! | | | | |

| | I | !

CSn I\ | | I | A
| | | | | | |
| T T T T T |
| | | | | | |
| | | | | | |

— | T | T | T |

RD/WR .>< . ! ! ! ! Y
| | | | | | |
[l T [l T [l T |
| ! | | | | |

| | | |

RD | i \ | l | A
| t . t . |

Read : : : : : : :
| | | | |

D31 to DO — i ; — ! T
| | | | T t |
| ! | | | | |

| | I | !
| | | | | [
WEnN I I\ | I | A
| ! 1 | 1 | |
Write : | | | | : |
| | | | | | |
| T ] T ] T T

D31 to DO . | . | | | >;
| | | | | | |
| T [l T [l T |
| ! | | | | |

| | | | | |

R | 1 | 1 | | |

BS 1\ | 1/ | | | 1\
| I I I ! I
| ! | | | | |
| ! | | | | |
| ! | ! | ! |

Figure 10.10 Basic Interface Wait Timing (Software Wait Only)
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When software wait insertion is specified by WCR2, the external wait WIT signal is also
sampledWAIT pin sampling is shown in figure 10.11. A 2-cycle wait is specified as a softwar
wait. Sampling is performed at the transition from the Tw state to the T2 state; therefore, if th
WALIT signal has no effect if asserted in the T1 cycle or the first Tw cycle. When the WAITSE
bit in WCR1 is cleared to 0, th&AIT signal is sampled on the rising edge of the clock.

Wait states inserted

by WAIT signal

| T1 | Tw | Tw | Tw | T2 |
| | | | \

CKIO ' N k ,/ K \ /:
|
|

A25 to AO i X X

|

CSn : \ /

RD/WR

Read
D31 to DO

WEnN \

Write

Figure 10.11 Basic Interface Wait State Timing (Wait State Insertion bWAIT Signal
WAITSEL = 0)
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When the WAITSEL bit in the WCRL1 register is set to 1, WheIT signal is sampled at the

falling edge of the clock. If the setup time and hold times with respect to the falling edge of the

clock are not satisfied, the value sampled at the next falling edge is used.

Wait states inserted

by WAIT signal

CKIO
A25to AO

Figure 10.12 Basic Interface Wait State Timing (Wait State Insertion bWAIT Signal

:1)

WAITSEL
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10.3.4 DRAM Interface

DRAM Connection Method: When the memory type bits (DRAMTP2-0) in BCR1 are set to
100, area 3 becomes DRAM space; when set to 101, area 2 and area 3 become DRAM spa
DRAM interface function can then be used to connect the SH7709A directly to DRAM.

16 or 32 bits can be selected as the interface data width for area 3 when bits DRAMTP2-0 a
to 100, and 16 bits can be used for area 2 and 16 or 32 bits can be used for area 3 when bit:
DRAMTP2-0 are set to 101.

2-CAS 16-bit DRAMs can be connected, siiuES is used to control byte access.

Signals used for connection when DRAM is connected to areaRAS# ., RAS3U, CASHH,
CASHL, CASLH, CASLL, and RDWR. CASHH andCASHL are not used when the data width
is 16 bits. When DRAM is connected to areas 2 and 3, the signals for DRAM connection in a
areRAS2L, RAS2U, CAS2H, CAS2L, and RDWR, and those for DRAM connection in area 3
areRAS3L, RAS3U, CASLH, CASLL, and RDWR.

In addition to normal read and write access modes, high-speed page mode is supported for |
access. Also, for DRAM connected to area 3, EDO mode, which enables the DRAM access |
to be increased by delaying the data sampling timing by 1/2 clock when reading, is supporte
addition to normal read and write access for burst mode.
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256k x 16-bit

SH7709A DRAM
A10 A8
A2 - “—{ A0
RAS RAS
- O
RD/WR WE
D31 /1015
D16 ~—1/00
CASHH UCAS
CASHL LCAS
D15
DO - A8
CASLH Pl
CASLL AO
RAS
OE
WE
11015
1100
UCAS
LCAS
777

286

Figure 10.13 Example of DRAM Connection (32-Bit Data Width)
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SH7709A

A9

Al

RAS3L or RAS3U
RAS2L or RAS2U
RD/WR

D15

DO
CASLH
CASLL

CAS2H
CAS2L

256k x 16-bit
DRAM

A8

AO

RAS

OE

WE

1/015

/00

UCAS

LCAS

A8

AO

RAS

OE

WE

1/015

/00

UCAS
LCAS

e,

v

Figure 10.14 Example of DRAM Connection (16-Bit Data Width)
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Address Multiplexing: When area 2 and area 3 are designated as DRAM space, address
multiplexing is always performed in accesses to DRAM. This enables DRAM, which requires r
and column address multiplexing, to be connected directly to the SH7709A without using an
external address multiplexer. Any of the four multiplexing methods shown below can be selec
by setting bits AMX1-0 in MCR for area 3 DRAM, or bits AMX1-0 in DCR for area 2 DRAM.
The relationship between bits AMX1-0 and address multiplexing is shown in table 10.13. The
address output pins subject to address multiplexing are A15 to Al. Pins A25 to A16 carry the
original address.

Table 10.13 Relationship between AMX1-0 and Address Multiplexing

Setting Number of Column External Address Pins

AMX1 AMXO0  Address Bits Output Timing Alto Al4 Al15

0 0 8 bits Column address Al to Al4 Al5
Row address A9 to A22 A23

0 1 9 bits Column address Alto Al4 Al15
Row address Al0 to A23 A24

1 0 10 bits Column address Alto Al4 A15
Row address All to A24 A25

1 1 11 bits Column address Al to Al4 Al5
Row address Al12 to A25 A15
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00, AnW (1-0) =

Basic Timing: The basic timing for DRAM access is 3 cycles (RCD (1-0)
00). This basic timing is shown in figure 10.15. Tpc is the precharge cycle, Tr the RAS asser

cycle, Tcl the CAS assert cycle, and Tc2 the read data latch cycle.

(Tpc) I
|

|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
1 |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
1 |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
1 T
| |
| |
| |
| |

© 7%

o o
< < " a ] O
o o X X O ~ O ~ °
= — - = AN
¥ ] 3 a) < < 8 M5 73 78
] < < e e @) s ncs m O

Figure 10.15 Basic Timing for DRAM Access
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Wait State Control: As the clock frequency increases, it becomes impossible to complete all
states in one cycle as in basic access. Therefore, provision is made for state extension by usi
setting bits in WCR2, MCR, DCR, and BCR3. The timing with state extension using these sett
is shown in figure 10.16. Additional Tpc cycles (cycles used to secure the RAS precharge time
can be inserted by means of the TPC bits in MCR and DCR, giving from 1 to 4 cycles. The
number of cycles from RAS assertion to CAS assertion can be set to between 1 and 4 by inse
Trw cycles by means of the RCD bits in MCR and DCR. And the number of cycles from CAS
assertion to the end of the access can be varied between 1 and 3 according to the setting of /
(1-0) or A3W (1-0) in WCR2.
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RASXX
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D31 to DO

(write)

CS2 or CS3

B

DRAM Wait State Timing

Figure 10.16
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Short Pitch AccessThe bus state controller of the SH7709A can perform short-pitch access tc
DRAM as shown in figure 10.17, when EXTEND bit is set to 1. Tcs is a CAS assert and data

access state.

A25 to A16
D31 to DO
CS2 or CS3

(Read)
D31 to DO

Al5to AO
(Write)

BS

CKIO

DRAM Short-Pitch Access Timing

Figure 10.17
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Burst Access:In addition to the normal DRAM access mode in which a row address is output
each data access, a high-speed page mode is also provided for the case where consecutive
are made to the same row. This mode allows fast access to data by outputting the row addre
once, then changing only the column address for each subsequent access. Normal access o
access using high-speed page mode can be selected by means of the burst enable (BE) bit |
and DCR. The timing for burst access using high-speed page mode is shown in figure 10.18

In burst transfer, 4 (longword access) or 16 (cache fill or cache write-back) bytes of data are
transferred in case of a 16-bit bus size. With a 32-bit bus size, 16 bytes of data are burst-
transferred (cache fill or cache write-back). In a 16-byte burst transfer (cache fill), the first ac
comprises a longword that includes the data requiring access. The remaining accesses are
performed on 16-byte boundary data that includes the relevant data. In burst transfer (cache
back), sequential writing is performed from first-to-last order for 16-byte boundary data.

293
HITACHI



-

w L R [ s E B SRy
I S T I = e e P~ N e e I
o} A N O D IO u_ .....................
= E

_Y e - —— - W IIIII ca IIIIIIIIIIIIIIIIIIIIIIIIIIII o~ e ]
alo___J __ | e A _J )]
e > P

-y 1 m% ||||||||||||||||||||||||||||||||||||||||||||||||||||

RASXx

CKIO
CASXxx
BS

DRAM Burst Access Timing

HITACHI

Figure 10.18

294




Short-Pitch Burst Access:The bus state controller of the SH7709A can perform short-pitch bt
access to DRAM as shown in figure 10.19, when EXTEND bit and BE are setto 1 and 1,
respectively. Tcs is @AS assert and data access state.

Tr i Tes | Tes | Tes | Tes | (Tpo)
| <+

T T T
CKIO _/_\ j/_\ W
, . !
A25 to Al16 i i i i i><
| i . . I - .
mstono Y Row X S X Sotwen ) Sommn X Sotnem X
RD/WR j;>< ><
|
RASXx 45—\
|
|

CASXxx

T [
Row adqress

D31 to DO
(read)

D
X

.
X

.

D31 to DO
(write)

N

BS

CS2or CS3

o

Figure 10.19 DRAM Short-Pitch Burst Access Timing

EDO Mode: With DRAM, in addition to the mode in which data is output to the data bus only
while theCAS signal is asserted in a data read cycle, an EDO (extended data out) mode is al
provided in which, once théAS signal is asserted while tiRAS signal is asserted, even if the
CAS signal is negated, data is output to the data bus untilAlsesignal is next asserted. In the
SH7709A, the EDO mode bit (EDOMODE) in MCR enables selection, for DRAM in area 3 or
of either normal access/burst access using high-speed page mode or EDO mode normal
access/burst access. EDO mode normal access is shown in figure 10.20, and burst access il
10.21.
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In EDO mode, the timing for data output to the data bus in a read cycle is extended as far as t

next assertion of th€AS signal, so that the data latch timing is delayed by 1/2 cycle and made

rising edge of the CKIO clock, enabling the DRAM access time to be increased.
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Figure 10.20 Normal Access Timing in DRAM EDO Mode
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Tcl

Tc2
| |
| |

|
|
|
|
|
:
|
|
|
|
|
|

Tcl | Tc2

A25 to Al16

CKIO

D31 to DO

Al15 to AO
(read)

RAS3x

CASXxx

D31 to DO

(write)
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Refresh Timing: The bus state controller includes a function for controlling DRAM refreshing.
Distributed refreshing using a CAS-before-RAS cycle can be performed by clearing the RMOIL
bit to 0 and setting the RFSH bit to 1 in MCR for DRAM in area 3, or by clearing the RMODE |
to 0 and setting the RFSH bit to 1 in DCR for DRAM in area 2.

When CAS-before-RAS refresh cycles are executed, refreshing is performed at intervals
determined by the input clock selected by bits CKS2-0 in RTCSR, and the value set in RTCOI
The value of bits CKS2-0 in RTCOR should be set so as to satisfy the stipulation for the DRAI
refresh interval. First make the settings for RTCOR, RTCNT, and the RMODE and RFSH bits
MCR, then make the CKS2-CKSO0 setting. When the clock is selected by CKS2-CKSO0, RTCN’
starts counting up from the value at that time. The RTCNT value is constantly compared with |
RTCOR value, and if the two values are the same, a refresh request is generatetRap@ditie

pin goes low. If the SH7709A’s external bus can be used, CAS-before-RAS refreshing is
performed, and if there is no other interrupt requesiROUT pin goes high. At the same time,
RTCNT is cleared to zero and the count-up is restarted. Figure 10.22 shows the operation of (
before-RAS refreshing.

RTCOR value RTCNT cleared to 0 when
/ RTCNT = RTCOR

RTCNT

H'00000000

RTCSR.CKS(2-0) =000 | #000

CMF |_| |_|

CMF flag cleared by start of

refresh cycle T T
External bus <:> <:>

CAS-before-RAS refresh cycle

Figure 10.22 CAS-Before-RAS Refresh Operation
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Figure 10.23 shows the timing of the CAS-before-RAS refresh cycle.

The number of RAS assert cycles in the refresh cycle is specified by the TRAS bits in MCR &
DCR. The specification of the RAS precharge time in the refresh cycle is determined by the
setting of the TPC bits in MCR and DCR in the same way as for normal access.

|
| ! | | | |
: : : : ! :
! | I 1 | 1
| | : | | : | :
! | | | | | | !
S BRI
R VAT
RASxx ' ! | ! ! | ! |
! | | | | | | !
| | | | | | !
I | | I ! | ! I !
| | | | | | | | |
: : : : : : : : :
] | | | | | | | |
- | | I | ! | ! | !
CASXx L \: S / L
| : | | | | | : |
| | | | | | | | |
N T T S O O S
RD/WR l | l | l | l L\
—
| | | | | | | | |
A S N N N R N N
CS20r CS3 LoHigh) L b

Figure 10.23 DRAM CAS-Before-RAS Refresh Cycle Timing
The self-refreshing supported by the SH7709A is shown in figure 10.24.

After the self-refresh is cleared, the refresh controller immediately generates a refresh reque
RAS precharge time immediately after the end of the self-refreshing can be set by the TPC &
MCR and DCR.

DRAMs include low-power products (L versions) with a long refresh cycle time (for example,
L version of the HM51W4160AL has a refresh cycle of 1024 cycles/128 ms compared with 1i
cycles/16 ms for the normal version). With these DRAMs, however, the same refresh cycle a
the normal version is requested only in case of refreshing immediately following self-refreshi
To ensure efficient DRAM refreshing, therefore, processing is needed to generate an overflo
interrupt and restore the refresh cycle to the proper value, after the necessary CAS-before-R
refreshing has been performed following self-refreshing of an L-version DRAM, using RFCR
the OVF, OVIE, and LMTS bits in RTCSR. The necessary procedure is as follows.
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1. Normally, set the refresh counter count value to the optimum value for the L version (e.g. ]
cycles/128 ms).

2. When a transition is made to self-refreshing:

a. Provide an interrupt handler to restore the refresh counter count value to the optimum
for the L version (e.g. 1024 cycles/128 ms) when a refresh counter overflow interrupt is
generated.

b. Reset the refresh counter count value to the requested short cycle (e.g. 1024 cycles/1¢
set refresh controller overflow interruption, and clear the refresh count register (RFCR)
0.

c. Set self-refresh mode.

By using this procedure, the refreshing immediately following a self-refresh will be performed
short cycle, and when adequate refreshing ends, an interrupt is generated and the setting car
restored to the original refresh cycle.

CAS-before-RAS refreshing is performed in normal operation, in sleep mode, and in case of &
manual reset.

Self-refreshing is performed in normal operation, in sleep mode, in standby mode, and in case
manual reset.

When the bus has been released in response to a bus arbitration request, or when a transitior
made to standby mode, signals generally become high-impedance, but wheihe tredCAS
signals become high-impedance or continue to be output can be controlled by the HIZCNT bit
BCR1. This enables the DRAM to be kept in the self-refreshing state.
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RD/WR
CS2 or CS3

RASXxX

CKIO
CASxx

DRAM Self-Refresh Cycle Timing

Figure 10.24

Power-On SequenceRegarding use of DRAM after powering on, it is requested that a wait tir

(at least 100 ps or 200 us) during which no access can be performed be provided, followed t
prescribed number (usually 8) or more dummy CAS-before-RAS refresh cycles. As the bus s
controller does not perform any special operations for a power-on reset, the necessary powe
sequence must be carried out by the initialization program executed after a power-on reset.
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10.3.5 Synchronous DRAM Interface

Synchronous DRAM Direct Connection:Since synchronous DRAM can be selected by($ie
signal, physical space areas 2 and 3 can be connectedRsSngnd other control signals in
common. If the memory type bits (DRAMTP2-0) in BCR1 are set to 010, area 2 is ordinary
memory space and area 3 is synchronous DRAM space; if set to 011, areas 2 and 3 are both
synchronous DRAM space.

With the SH7709A, burst length 1 burst read/single write mode is supported as the synchrono
DRAM operating mode. A data bus width of 16 or 32 bits can be selected. The burst enable b
(BE) in MCR is ignored, a 16-bit burst transfer is performed in a cache fill/write-back cycle, an
only one access is performed in a write-through area write or a non-cacheable area read/write

The control signals for direct connection of synchronous DRAMRAS3L, RAS3U, CASL,

CASU, RD/WR, CS2 or CS3, DQMUU, DQMUL, DQMLU, DQMLL, and CKE. All the signals
other thanCS2 andCS3 are common to all areas, and signals other than CKE are valid and fetc
to the synchronous DRAM only when CS2 or CS3 is asserted. Synchronous DRAM can there
be connected in parallel to a number of areas. CKE is negated (low) only when self-refreshing
performed, and is always asserted (high) at other times.

However, which of th®AS3L, RAS3U, CASL, andCASU signals are output is determined by
whether the address is in the upper or lower 32 Mbytes in each area. When the address is in |
32 Mbytes (area 2: H'OA000000 to H'OBFFFFFF, area 3: H'OE000000 to H'OFFFREBRB))
andCASU are output; when in lower 32 Mbytes (area 2: H'08000000 to H'09FFFFFF, area 3:
H'0C000000 to H'ODFFFFFHRAS3L andCASL are output. In the refresh cycle and mode-
register write cycleRAS3U andRAS3L or CASU andCASL are output.

Commands for synchronous DRAM are specifieRAS3L, RAS3U, CASL, CASU, RD/WR,

and special address signals. The commands are NOP, auto-refresh (REF), self-refresh (SELF
precharge all banks (PALL), row address strobe bank active (ACTV), read (READ), read with
precharge (READA), write (WRIT), write with precharge (WRITA), and mode register write
(MRS).

Byte specification is performed by DOQMUU, DQMUL, DQMLU, and DQMLL. A read/write is
performed for the byte for which the corresponding DQM is low. In big-endian mode, DQMUU
specifies an access to address 4n, and DQMLL specifies an access to address 4n + 3. In little
endian mode, DQMUU specifies an access to address 4n + 3, and DQMLL specifies an acces
address 4n.

Figures 10.25 and 10.26 show examples of the connection of twolBvbitx 4-bank
synchronous DRAMSs and one 1#16-bitx 4-bank synchronous DRAM, respectively.
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64M synchronous DRAM

SH7709A (AM x 16-bit x 4-bank)
A15 A13
Al4 A12
A13 A1l

A2 “— Ao
CKIO CLK
CKE CKE
CSn Cs
RAS3X RAS
CASX CAS
RD/WR WE
D31 DQ15
D16 DQO
DQMUU DaMu
DQMUL DaML
D15
: A13
Do A12
DQMLU Y
DQMLL X
AO
CLK
CKE
CcS
RAS
CAS
WE
DQ15
DQO
DQMU
Note : "x"is UorL DQML

Figure 10.25 Example of 64-Mbit Synchronous DRAM Connection (32-Bit Bus Width)
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64M synchronous DRAM
SH7709A 1M x 16-bit x 4-bank
Al4 Al13
A13 Al12
Al12 A1l
Al A0
CKIO CLK
CKE CKE
_zCsn Cs_
RAS3x RAS
CASx CAS
RD/WR WE
D15 - DQlS
DO DQO
DQMLU DQMU
DQMLL DQML

Figure 10.26 Example of 64-Mbit Synchronous DRAM (16-Bit Bus Width)

Address Multiplexing: Synchronous DRAM can be connected without external multiplexing
circuitry in accordance with the address multiplex specification bits AMX2-AMXO0 in MCR. Tab
10.14 shows the relationship between the address multiplex specification bits and the bits out
the address pins.

A25-A16 and AO are not multiplexed; the original values are always output at these pins.

When A0, the LSB of the synchronous DRAM address, is connected to the SH7709A, it perfol
longword address specification. Connection should therefore be made in the following order: \
a 32-bit bus width, connect pin A0 of the synchronous DRAM to pin A2 of the SH7709A, then
connect pin Al to pin A3; with a 16-bit bus width, connect pin A0 of the synchronous DRAM tc
pin Al of the SH7709A, then connect pin Al to pin A2.
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Table 10.14 Relationship between Bus Width, AMX, and Address Multiplex Output

Setting External Address Pins
Bus Output  Alto
Width AMX2 AMX1 AMXO0 Timing A8 A9 Al10 All1 A12 A13 Al4 Al15
32 hits 1 0 0 Column Alto A9 A10 All L/H*1 A13 A22*2 A23*2
address A8
Row A9to Al7 Al18 Al19 A20 A21 A22*2 A23*2
address A16
1 Column Alto A9 A10 All L/H*1 A13 A23*2 A24*2
address A8
Row Al0to A18 A19 A20 A21 A22 A23*2 A24*2
address A17
1 1 Column Alto A9 All All L/H*1 A21*2 A22*2 A15
address A8
Row A9to Al7 Al18 Al19 A20 A21*2 A22*2 A23
address A16
0 0 0 Column Alto A9 A10 All L/H*1 A21*2 A14 A15
address A8
Row A9to Al7 Al18 Al19 A20 A21*2 A22 A23
address A16
1 Column Alto A9 A10 A1l L/H*1 A22*2 A14 A15
address A8
Row Al0to A18 Al19 A20 A21 A22*2 A23 A24
address A17
1 0 Column Alto A9 All All L/H*1 A23*2 A14 A15
address A8
Row Allto A19 A20 A21 A22 A23*2 A24 A25
address A18
1 Column Alto A9 L/H*1 A19*2 A12 A13 Al14 Al5
address A8
Row A9to Al7 Al18 A19*2 A20 A21 A22 A23
address A16

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the

access mode.

2. Bank address specification
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Table 10.14 Relationship between Bus Width, AMX, and Address Multiplex Output (cont)

Setting External Address Pins
Bus Output  Alto
Width AMX2 AMX1 AMXO0 Timing A8 A9 Al10 Al11 Al12 Al13 Al4 A15
16 bits 1 0 0 Column Alto A9 A10 L/H*1 Al12 A21*2 A22*2 A15
address A8
Row A9to Al7 Al18 Al19 A20 A21*2 A22*2 A23
address A16
1 Column Alto A9 A10 L/H*1 Al12 A22*2 A23*2 A15
address A8
Row Al0to A18 A19 A20 A21 A22*2 A23*2 A24
address Al17
1 0 Column Alto A9 A10 L/H*1 Al12 A23*2 A24*2 A15
address A8
Row Allto A19 A20 A21 A22 A23*2 A24*2 A25
address A18
0 0 0 Column Alto A9 A10 L/H*1 A20*2 A13 Al4 A15
address A8
Row A9to Al7 Al18 Al19 A20*2 A21 A22 A23
address A16
1 Column Alto A9 A10 L/H*1 A21*2 A13 Al4 A15
address A8
Row Al0to A18 A19 A20 A21*2 A22 A23 A24
address Al17
1 0 Column Alto A9 A10 L/H*1 A22*2 A13 Al4 A15
address A8
Row Allto A19 A20 A21 A22*2 A23 A24 A25
address A18
1 Column Alto L/H*1 A18*2 A11 Al12 Al13 Al4 A15
address A8
Row A9to Al7 Al18*2 A19 A20 A21 A22 A23

address A16

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table 10.15 Example of Correspondence between SH7709A and Synchronous DRAM
Address Pins (AMX (2-0) = 011 (32-Bit Bus Width))

SH7709A Address Pin Synchronous DRAM Address Pin
RAS Cycle CAS Cycle Function
All Al9 Al9 A9 BANK select bank address
A10 A18 L/H A8 Address precharge setting
A9 Al7 A9 A7 Address
A8 Al16 A8 A6
A7 Al5 A7 A5
A6 Al4a A6 A4
A5 A13 A5 A3
A4 Al2 A4 A2
A3 All A3 Al
A2 A10 A2 AO
Al A9 Al Not used
AO A0 AO Not used

Burst Read: In the example in figure 10.27 it is assumed that four<24bit synchronous
DRAMs are connected and a 32-bit data width is used, and the burst length is 1. Following tt
cycle in which ACTV command output is performed, a READ command is issued in the Tc1,
and Tc3 cycles, and a READA command in the Tc4 cycle, and the read data is accepted on
rising edge of the external command clock (CKIO) from cycle Td1 to cycle Td4. The Tpc cycl
used to wait for completion of auto-precharge based on the READA command inside the
synchronous DRAM; no new access command can be issued to the same bank during this c
but access to synchronous DRAM for another area is possible. In the SH7709A, the number
Tpc cycles is determined by the TPC bit specification in MCR, and commands cannot be iss|
for the same synchronous DRAM during this interval.

The example in figure 10.26 shows the basic timing. To connect low-speed synchronous DR
the cycle can be extended by setting WCR2 and MCR bits. The number of cycles from the A
command output cycle, Tr, to the READ command output cycle, Tcl, can be specified by the
RCD bit in MCR, with a values of 0 to 3 specifying 1 to 4 cycles, respectively. In case of 2 or
more cycles, a Trw cycle, in which an NOP command is issued for the synchronous DRAM, i
inserted between the Tr cycle and the Tc cycle. The number of cycles from READ and REAL
command output cycles Tc1-Tc4 to the first read data latch cycle, Td1, can be specified as 1
cycles independently for areas 2 and 3 by means of A2W1 and A2WO0 or A3W1 and A3WO ir
WCR2. This number of cycles corresponds to the number of synchronous DRAM CAS latenc
cycles.
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Basic Timing for Synchronous DRAM Burst Read

Figure 10.27
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Figure 10.28 shows the burst read timing when RCD is set to 1, A3W1 and A3WO are set to

and TPC is setto 1.

The BS cycle, which is asserted for one cycle at the start of a bus cycle for normal access sy
asserted in each of cycles Td1-Td4 in a synchronous DRAM cycle. When a burst read is

performed, the address is updated each Gia® is asserted. As the unit of burst transfer is 16

bytes, address updating is performed for A3 and A2 only (A3, A2, and Al for a 16-bit bus wic

The order of access is as follows: in a fill operation in the event of a cache miss, the missed

read first, then 16-byte boundary data including the missed data is read in wraparound mode
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Figure 10.28 Synchronous DRAM Burst Read Wait Specification Timing
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Single Read:Figure 10.29 shows the timing when a single address read is performed. As the |

length is set to 1 in synchronous DRAM burst read/single write mode, only the required data i

output. Consequently, no unnecessary bus cycles are generated even when a cache-through

accessed.
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—
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-
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CKIO

A25 to Al6,
A13

Al12

A15, Al4,
Al1l to AO
D31 to DO

Figure 10.29 Basic Timing for Synchronous DRAM Single Read
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Burst Write: The timing chart for a burst write is shown in figure 10.30. In the SH7709A, a b
write occurs only in the event of cache write-back or 16-byte transfer by DMAC. In a burst wi
operation, following the Tr cycle in which ACTV command output is performed, a WRIT
command is issued in the Tcl, Tc2, and Tc3 cycles, and a WRITA command that performs &
precharge is issued in the Tc4 cycle. In the write cycle, the write data is output at the same t
the write command. In case of the write with auto-precharge command, precharging of the
relevant bank is performed in the synchronous DRAM after completion of the write commanc
and therefore no command can be issued for the same bank until precharging is completed.
Consequently, in addition to the precharge wait cycle, Tpc, used in a read access, cycle Trw
also added as a wait interval until precharging is started following the write command. Issuar
a new command for the same bank is postponed during this interval. The number of Trwl cyc
can be specified by the TRWL bit in MCR.
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Single Write: The basic timing chart for write access is shown in figure 10.31. In a single writ
operation, following the Tr cycle in which ACTV command output is performed, a WRITA
command that performs auto-precharge is issued in the Tcl cycle. In the write cycle, the wri
data is output at the same time as the write command. In case of the write with auto-prechar
command, precharging of the relevant bank is performed in the synchronous DRAM after
completion of the write command, and therefore no command can be issued for the same bz
until precharging is completed. Consequently, in addition to the precharge wait cycle, Tpc, u:
a read access, cycle Trwl is also added as a wait interval until precharging is started followin
write command. Issuance of a new command for the same bank is postponed during this inte
The number of Trwl cycles can be specified by the TRWL bit in MCR.
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Figure 10.31 Basic Timing for Synchronous DRAM Single Write
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Bank Active: The synchronous DRAM bank function is used to support high-speed accesses
the same row address. When the RASD bit in MCR is 1, read/write command accesses are
performed using commands without auto-precharge (READ, WRIT). In this case, prechargin
not performed when the access ends. When accessing the same row address in the same b
possible to issue the READ or WRIT command immediately, without issuing an ACTV comm
in the same way as in the RAS down state in DRAM fast page mode. As synchronous DRAN
internally divided into two or four banks, it is possible to activate one row address in each ba
the next access is to a different row address, a PRE command is first issued to precharge th
relevant bank, then when precharging is completed, the access is performed by issuing an A
command followed by a READ or WRIT command. If this is followed by an access to a differ
row address, the access time will be longer because of the precharging performed after the ¢
request is issued.

In a write, when auto-precharge is performed, a command cannot be issued for a period of T
Tpc cycles after issuance of the WRITA command. When bank active mode is used, READ «
WRIT commands can be issued successively if the row address is the same. The number of
can thus be reduced by Trwl + Tpc cycles for each write. The number of cycles between issL
of the precharge command and the row address strobe command is determined by the TPC
MCR.

Whether faster execution speed is achieved by use of bank active mode or by use of basic a
determined by the probability of accessing the same row address (P1), and the average nurn
cycles from completion of one access to the next access (Ta). If Ta is greater than Tpc, the c
due to the precharge wait when writing is imperceptible. In this case, the access speed for b:
active mode and basic access is determined by the number of cycles from the start of acces:
issuance of the read/write command: (Tpc + Tecl) — P1) and Trcd, respectively.

There is a limit on Tras, the time for placing each bank in the active state. If there is no guare
that there will not be a cache hit and another row address will be accessed within the period
which this value is maintained by program execution, it is necessary to set auto-refresh and :
refresh cycle to no more than the maximum value of Tras. In this way, it is possible to obser\
restrictions on the maximum active state time for each bank. If auto-refresh is not used, mea
must be taken in the program to ensure that the banks do not remain active for longer than tl
prescribed time.

A burst read cycle without auto-precharge is shown in figure 10.32, a burst read cycle for the
row address in figure 10.33, and a burst read cycle for different row addresses in figure 10.3:
Similarly, a burst write cycle without auto-precharge is shown in figure 10.35, a burst write cy
for the same row address in figure 10.36, and a burst write cycle for different row addresses
figure 10.37.
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A Tnop cycle, in which no operation is performed, is inserted before the Tc cycle in which the
READ command is issued in figure 10.33, but when synchronous DRAM is read, there is a tw
cycle latency for the DQMxx signal that performs the byte specification. If the Tc cycle were
performed immediately, without inserting a Tnop cycle, it would not be possible to perform the
DQMxx signal specification for Td1 cycle data output. This is the reason for inserting the Tnog
cycle. If the CAS latency is two cycles or longer, Tnop cycle insertion is not performed, since 1
timing requirements will be met even if the DQMxx signal is set after the Tc cycle.

When bank active mode is set, if only accesses to the respective banks in the area 3 space al
considered, as long as accesses to the same row address continue, the operation starts with-
cycle in figure 10.32 or 10.35, followed by repetition of the cycle in figure 10.33 or 10.36. An
access to a different area 3 space during this time has no effect. If there is an access to a diffi
row address in the bank active state, after this is detected the bus cycle in figure 10.34 or 10.:
executed instead of that in figure 10.33 or 10.36. In bank active mode, too, all banks become
inactive after a refresh cycle or after the bus is released as the result of bus arbitration.
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Figure 10.32 Burst Read Timing (No Precharge)
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Figure 10.34 Burst Read Timing (Different Row Addresses)
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Figure 10.36 Burst Write Timing (Same Row Address)
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Figure 10.37
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Refreshing: The bus state controller is provided with a function for controlling synchronous
DRAM refreshing. Auto-refreshing can be performed by clearing the RMODE bit to 0 and set
the RFSH bit to 1 in MCR. If synchronous DRAM is not accessed for a long period, self-refre
mode, in which the power consumption for data retention is low, can be activated by setting |
the RMODE bit and the RFSH bit to 1.

¢ Auto-Refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS2-
RTCSR, and the value set in RTCOR. The value of bits CKS2-0 in RTCOR should be set
to satisfy the refresh interval stipulation for the synchronous DRAM used. First make the

settings for RTCOR, RTCNT, and the RMODE and RFSH bits in MCR, then make the CK
CKSO setting. When the clock is selected by CKS2-CKS0, RTCNT starts counting up fron
value at that time. The RTCNT value is constantly compared with the RTCOR value, and
two values are the same, a refresh request is generated and an auto-refresh is performec
same time, RTCNT is cleared to zero and the count-up is restarted. Figure 10.38 shows t
auto-refresh cycle timing.

All-bank precharging is performed in the Tp cycle, then an REF command is issued in the
cycle following the interval specified by the TPC bits in MCR. After the TRr cycle, new
command output cannot be performed for the duration of the number of cycles specified |
TRAS bits in MCR plus the number of cycles specified by the TPC bits in MCR. The TRA
and TPC bhits must be set so as to satisfy the synchronous DRAM refresh cycle time stipu
(active/active command delay time).

Auto-refreshing is performed in normal operation, in sleep mode, and in case of a manua
reset.
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Figure 10.39 Synchronous DRAM Auto-Refresh Timing
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Self-Refreshing

Self-refresh mode is a kind of standby mode in which the refresh timing and refresh addres
are generated within the synchronous DRAM. Self-refreshing is activated by setting both tt
RMODE bit and the RFSH bit to 1. The self-refresh state is maintained while the CKE sign
is low. Synchronous DRAM cannot be accessed while in the self-refresh state. Self-refresr
mode is cleared by clearing the RMODE bit to 0. After self-refresh mode has been cleared
command issuance is disabled for the number of cycles specified by the TPC bits in MCR.
Self-refresh timing is shown in figure 10.40. Settings must be made so that self-refresh

clearing and data retention are performed correctly, and auto-refreshing is performed at thi
correct intervals. When self-refreshing is activated from the state in which auto-refreshing i
set, or when exiting standby mode other than through a power-on reset, auto-refreshing is
restarted if RFSH is set to 1 and RMODE is cleared to 0 when self-refresh mode is clearec
the transition from clearing of self-refresh mode to the start of auto-refreshing takes time, tl
time should be taken into consideration when setting the initial value of RTCNT. Making th
RTCNT value 1 less than the RTCOR value will enable refreshing to be started immediatel

After self-refreshing has been set, the self-refresh state continues even if the chip standby
is entered using the SH7709A’s standby function, and is maintained even after recovery fr
standby mode other than through a power-on reset. In case of a power-on reset, the bus s
controller’s registers are initialized, and therefore the self-refresh state is cleared.

Self-refreshing is performed in normal operation, in sleep mode, in standby mode, and in c
of a manual reset.

When using synchronous DRAM, use the following procedure to initiate self-refreshing.

1. Clear the refresh control bit to 0.
2. Write H'00 to the RTCNT register.
3. Set the refresh control bit and refresh mode bit to 1.
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Figure 10.40 Synchronous DRAM Self-Refresh Timing
« Relationship between Refresh Requests and Bus Cycle Requests

If a refresh request is generated during execution of a bus cycle, execution of the refresh
deferred until the bus cycle is completed. If a refresh request occurs when the bus has be
released by the bus arbiter, refresh execution is deferred until the bus is acquired. If a ma
between RTCNT and RTCOR occurs while a refresh is waiting to be executed, so that a1
refresh request is generated, the previous refresh request is eliminated. In order for refres
to be performed normally, care must be taken to ensure that no bus cycle or bus masters
occurs that is longer than the refresh interval. When a refresh request is generated, the
IRQOUT pin is asserted (driven low). Therefore, normal refreshing can be performed by
having thdRQOUT pin monitored by a bus master other than the SH7709A requesting the
bus, or the bus arbiter, and returning the bus to the SH7709A. When refreshing is started
if no other interrupt request has been generatedRQOUT pin is negated (driven high).
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Power-On Sequence: In order to use synchronous DRAM, mode setting must first be performed
after powering on. To perform synchronous DRAM initialization correctly, the bus state controller
registers must first be set, followed by awrite to the synchronous DRAM mode register. In
synchronous DRAM mode register setting, the address signal value at that timeis latched by a
combination of the RAS, CAS, and RD/WR signals. If the value to be set is X, the bus state
controller provides for value X to be written to the synchronous DRAM mode register by
performing awrite to address H'FFFFDO00 + X for area 2 synchronous DRAM, and to address
H'FFFFEQQO + X for area 3 synchronous DRAM. In this operation the dataisignored, but the
mode write is performed as a byte-size access. To set burst read/single write, CAS latency 1 to 3,
wrap type = sequential, and burst length 1 supported by the SH7709A, arbitrary dataiswrittenin a
byte-size access to the following addresses.

Area?2 Area 3
32-bit CASlatency 1 FFFFD840 FFFFE840
Buswidth CASlatency 2 FFFFD880 FFFFE880

CASlatency 3 FFFFD8CO FFFFE8CO

Area?2 Area3
16-hit CASlatency 1 FFFFD420 FFFFE420
Buswidth CASlatency 2 FFFFD440 FFFFE440

CAS latency 3 FFFFD460 FFFFE460

Mode register setting timing is shown in figure 10.41.

As aresult of the write to address H'FFFFD0O0O + X or H'FFFFEQQO + X, a precharge all banks
(PALL) command isfirst issued in the TRp1 cycle, then a mode register write command is issued
inthe TMw1 cycle.

Address signals, when the mode-register write command is issued, are as follows:

32-hit A15-A9 0000100 (burst read and single write)
Buswidth A8-A6 CAS latency

A5 0 (burst type = sequential)

A4-A2 000 (burst length 1)
16-hit A14-A8 0000100 (burst read and single write)
Bus width A7-A5 CAS latency

A4 0 (burst type = sequential)

A3-Al 000 (burst length 1)

Before mode register setting, a 100 ps idle time (depending on the memory manufacturer) must be
guaranteed after powering on requested by the synchronous DRAM. If the reset signal pulse width
is greater than thisidle time, there is no problem in performing mode register setting immediately.
The number of dummy auto-refresh cycles specified by the manufacturer (usually 8) or more must
be executed. Thisisusually achieved automatically while various kinds of initialization are being
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performed after auto-refresh setting, but a way of carrying this out more dependably is to set
short refresh request generation interval just while these dummy cycles are being executed.
simple read or write access, the address counter in the synchronous DRAM used for auto-

refreshing is not initialized, and so the cycle must always be an auto-refresh cycle.

TMw2  TMw3

TRp2 , TRp3., TRp4 , TMwl

TRp1

CKIO
Al15to A13
or Al5to A12

Al2 or A10

All

A9 to A2

CSn

RD/WR

RAS3U or RAS3L

CASU or CASL

D31 to DO

CKE

Figure 10.41 Synchronous DRAM Mode Write Timing
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10.3.6  Burst ROM Interface

Setting bits AOBST (1-0), A5BST (1-0), and A6BST (1-0) in BCR1 to a non-zero value allow:
burst ROM to be connected to areas 0, 5, and 6. The burst ROM interface provides high-spee
access to ROM that has a nibble access function. The timing for nibble access to burst ROM |
shown in figure 10.42. Two wait cycles are set. Basically, access is performed in the same we
for normal space, but when the first cycle endsi$@ signal is not negated, and only the address
is changed before the next access is executed. When 8-bit ROM is connected, the number of
consecutive accesses can be set as 4, 8, or 16 by bits AOBST (1-0), A5BST (1-0), or A6BST
0). When 16-bit ROM is connected, 4 or 8 can be set in the same way. When 32-bit ROM is
connected, only 4 can be set.

WAIT pin sampling is performed in the first access if one or more wait states are set, and is
always performed in the second and subsequent accesses.

The second and subsequent access cycles also comprise two cycles when a burst ROM settil
made and the wait specification is 0. The timing in this case is shown in figure 10.43.
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;
'

A25to A4
A3 to AO

Note: For a write cycle, a basic bus cycle (write cycle) is performed.

Figure 10.42 Burst ROM Wait Access Timing
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TB2 TB1 TB2 TB1 TB2 TB1 T2

T1

CKIO
A25 to A4
A3 to AO
D31 to DO

Note: For a write cycle, a basic bus cycle (write cycle) is performed.

Figure 10.43 Burst ROM Basic Access Timing
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10.3.7 PCMCIA Interface

In the SH7709A, setting the ASPCM bit in BCR1 to 1 makes the bus interface for physical sp
area 5 an IC memory card and I/O card interface as stipulated in JEIDA version 4.2
(PCMCIA2.1). Setting the AGPCM bit to 1 makes the bus interface for physical space area 6
memory card and I/O card interface as stipulated in JEIDA version 4.2.

When the PCMCIA interface is used, a bus size of 8 or 16 bits can be set by bits A5SZ1 and
A5SZ0, or A6SZ1 and A6SZ0, in BCR2.

Figure 10.43 shows an example of PCMCIA card connection to the SH7709A. To enable act
insertion of the PCMCIA cards (i.e. insertion or removal while system power is being supplie
3-state buffer must be connected between the SH7709A’s bus interface and the PCMCIA ca

As operation in big-endian mode is not explicitly stipulated in the JEIDA/PCMCIA specificatic
the PCMCIA interface for the SH7709A in big-endian mode is stipulated independently.
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A24 to AO
—] ﬁ A25 to AO
D15 to DO G
RD/WR D7 to DO
CE1B/(CS6) —E D15 to DO
CE1A/(CSS) I e
CE2B DIR
CE2A D15to D8 PC card
lﬁ} (memory/10)
SH7709A _(O)E DIR
El
- CE2
RD OE
WE1 > WE/PGM
ICIORD (IORD)
ICIOWR G (IOWR)
- WAIT
WAIT _OQ —
10IS16 (101S16)
Card
detection ] CD1, Cb2
circuit
Output % A25 to AO
port G
D7 to DO
1[§} D15 to DO
¢
DIR
D15 to D8 PC card
1[;}} (memory/10)
] 8
L DIR
CE1l
CE2
—— OE
- WE/PGM
G
[ WAIT
—}— WAIT
Card
detection CD1, CD2
circuit

Figure 10.44 Example of PCMCIA Interface
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Memory Card Interface Basic Timing: Figure 10.45 shows the basic timing for the PCMCIA [(
memory card interface. When physical space areas 5 and 6 are designated as PCMCIA intel
areas, bus accesses are automatically performed as IC memory card interface accesses.

With a high external bus frequency (CKIO), the setup and hold times for the address (A24-A
card enableS5, CE2A, CS6, CE2B), and write data (D15-D0) in a write cycle, become
insufficient with respect t&D andWR (the WE pin in the SH7709A). The SH7709A provides fo
this by enabling setup and hold times to be set for physical space areas 5 and 6 in the PCR |
Also, software waits by means of a WCR2 register setting and hardware waits by means of t
WALIT pin can be inserted in the same way as for the basic interface. Figure 10.46 shows the
PCMCIA memory bus wait timing.
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Figure 10.45
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Figure 10.46 Wait Timing for PCMCIA Memory Card Interface
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Memory Card Interface Burst Timing: Inthe SH7709A, when the IC memory card interface is
selected, page mode burst access mode can be used, for read access only, by setting bits A5

and A5BSTO in BCR1 for physical space area 5, or bits A6BST1 and A6BSTO in BCR1 for are
6. This burst access mode is not stipulated in JEIDA version 4.2 (PCMCIA2.1), but allows hig|

speed data access using ROM provided with a burst mode, etc.

Burst access mode timing is shown in figures 10.47 and 10.48.
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Figure 10.47 Basic Timing for PCMCIA Memory Card Interface Burst Access
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D15 to DO

A25 to A4
A3 to A0
(read)

Figure 10.48 Wait Timing for PCMCIA Memory Card Interface Burst Access
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When the entire 32-Mbyte memory space is used as IC memory card interface space, the con
memory/attribute memory switching sigrRiEG is generated using a port, etc. If 16-Mbytes or
less of memory space is sufficient, using 16 Mbytes of memory space as common memory Sf
and 16 Mbytes as attribute memory space enables the A24 pin to be use®RIEG thignal.

32-Mbyte capacity (REG = I/O port)

Area 5: H'14000000 Common memory/
attribute memory

Area 5: H'16000000

I/O space
Area 6: H'18000000 Common memory/
attribute memory
Area 6: H'1A000000 IO space
Up to 16-Mbyte capacity (REG = A24)
Area 5: H'14000000 Attribute memory
Area 5: H'15000000 Common memory
Area 5: H'16000000 I/O space
H'17000000
Area 6: H'18000000 Attribute memory
Area 6: H'19000000 Common memory
Area 6: H'1A000000 I/O space
H1BOOOOOO | ————

Figure 10.49 PCMCIA Space Allocation
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I/O Card Interface Timing: Figures 10.50 and 10.51 show the timing for the PCMCIA 1/O car
interface.

Switching between the I/O card interface and the IC memory card interface is performed
according to the accessed address. When PCMCIA is designed for physical space area 5, tt
access is automatically performed as an I/O card interface access when a physical address 1
H'16000000 to H'17FFFFFF is accessed. When PCMCIA is designhated for physical space ai
the bus access is automatically performed as an 1/O card interface access when a physical
from H'1LA000000 to H'1BFFFFFF is accessed.

When accessing a PCMCIA 1/O card, the access should be performed using a non-cacheabl
in virtual space (P2 or P3 space) or an area specified as non-cacheable by the MMU.

When an 1/O card interface access is made to a PCMCIA card in little-endian mode, dynamic
sizing of the 1/0O bus width is possible using idS16 pin. When a 16-bit bus width is set for
area 6, if thdOIS16 signal is high during a word-size I/O bus cycle, the I/O port is recognized
being 8 bits in width. In this case, a data access for only 8 bits is performed in the I/O bus cy:
being executed, followed automatically by a data access for the remaining 8 bits.

Figure 10.52 shows the basic timing for dynamic bus sizing.
In big-endian mode, th®IS16 signal is not supported.

In big-endian mode, th)1S16 signal should be fixed low.
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Figure 10.50 Basic Timing for PCMCIA 1/O Card Interface
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A25 to AO
D15 to DO

(read)
(write)
S
WAIT
I01S16

CKIO
CExx
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Figure 10.51 Wait Timing for PCMCIA 1/O Card Interface
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10.3.8  Waits between Access Cycles

A problem associated with higher external memory bus operating frequencies is that data bu
turn-off on completion of a read from a low-speed device may be too slow, causing a collisio
with data in the next access. This results in lower reliability or incorrect operation. To avoid t
problem, a data collision prevention feature has been provided. This memorizes the precedir
access area and the kind of read/write. If there is a possibility of a bus collision when the nex
access is started, a wait cycle is inserted before the access cycle thus preventing a data coll
There are two cases in which a wait cycle is inserted: when an access is followed by an acce
different area, and when a read access is followed by a write access from the SH7709A. Wh
SH7709A performs consecutive write cycles, the data transfer direction is fixed (from the
SH7709A to other memory) and there is no problem. With read accesses to the same area, i
principle, data is output from the same data buffer, and wait cycle insertion is not performed.
AnIW1 and AnlWO (n = 0, 2-6) in WCRL1 specify the number of idle cycles to be inserted
between access cycles when a physical space area access is followed by an access to anotl
or when the SH7709A performs a write access after a read access to physical space area n.
is originally space between accesses, the number of idle cycles inserted is the specified nun
idle cycles minus the number of empty cycles.

Waits are not inserted between accesses when bus arbitration is performed, since empty cy«
inserted for arbitration purposes.
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A25t0 A0 | i X i X X
csm T\ |/ ;

| | | | ! |
< > [ > < >

Area m read Area n space read Area n space write
Area m inter-access wait specification Area n inter-access wait specification

Figure 10.53 Waits between Access Cycles

10.3.9 Bus Arbitration

When a bus release reqUEBREQ) is received from an external device, buses are released afte
the bus cycle being executed is completed and a bus grant $gw&K] is output The bus is not
released during burst transfers for cache fills or TAS instruction execution between the read ¢
and write cycle. Bus arbitration is not executed in multiple bus cycles that are generated wher
data bus width is shorter than the access size; i.e. in the bus cycles when longword access is
executed for the 8-bit memory. At the negatioBREQ, BACK is negated and bus use is
restartedSee Appendix A.1, Pin States, for the pin state when the bus is released.

The SH7709A sometimes needs to retrieve a bus it has released. For example, when memon
generates a refresh request or an interrupt request internally, the SH7709A must perform the
appropriate processing. The SH7709A has a bus request $RQaI(T) for this purpose. When

it must retrieve the bus, it asserts IREOUT signal. Devices asserting an external bus release
request receive the assertion of RQOUT signal and negate tBBREQ signal to release the bus.
The SH7709A retrieves the bus and carries out the processing.
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IRQOUT Pin Assertion Conditions:

« When a memory refresh request has been generated but the refresh cycle has not yet be

* When an interrupt is generated with an interrupt request level higher than the setting of tr
interrupt mask bits (13—10) in the status register (SR). (This does not depend on the SR.BI

10.3.10 Bus Pull-Up

With the SH7709A, address pin pull-up can be performed when the bus is released by settin
PULA bit in BCR1 to 1. The address pins are pulled up for a 4-clock perioBafteK is
asserted. Figure 10.54 shows the address pin pull-up timing. Similarly, data pin pull-up can k
performed by setting the PULD bit in BCR1 to 1. The data pins should be pulled up when the
bus is not in use. The data pin pull-up timing for a read cycle is shown in figure 10.55, and th
timing for a write cycle in figure 10.56.

At AV VAT aVavaval

A25 to AO J

Pull-up Hi-z
BACK JR

Figure 10.54 Pins A25 to AO Pull-Up Timing
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CKIO o J L

D31 to DO Pull-up \< < Pull-up

CSn \

Figure 10.55 Pins D31 to DO Pull-Up Timing (Read Cycle)

CKIO / \

D31 to DO Pull-up \< Pull-up

= \ /

Figure 10.56 Pins D31 to DO Pull-Up Timing (Write Cycle)
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10.3.11 MCS[0] to MCS[7] Pin Control

The SH7709A is provided with pidCS[0]-MCS[7] as dedicatedS pins for the ROM
connected to area 0 or 2. AssertioMES[0]-MCS[7] is controlled by settings in MCSCRO-
MCSCRY7. This enables 32-, 64-, 128-, or 256-Mbit memory to be connected to area O or are
Table 10.16 shows MCSCRO-MCSCRY7 settingsMdat$b[0]-MCS|[7] assertion conditions.

As theMCS[0]-MCS|[7] pins are multiplexed as the PTCO—PTC7 pins, when using these pins
MCS[0]-MCS[7], the corresponding bits in the PCCR register should be set to “other functior

When CS2/0 = 0 in the MCSCRO and when the PTCO pin is switchdd'$§0] (when
PCOMD1-PCOMDO are set to “other function”), B80 pin is also switched tICS[0].

As port register writes operate on the peripheral clock, they take time compared with instruct
execution by the CPU operating on the high-speed internal clock. Therefore, if an instructior
accesseMCS[1] to MCS[7] is located several instructions after an instruction that switches po
to MCS, the switch from PTC[n] tdICS[n] and fromCS0 to MCS[0] may not be performed
correctly.

To prevent this problem, the following switching procedure should be used.
¢ When the program runs with cache on

(1) To switch port C toMCS, set the corresponding bits in the PCCR register to 00 ("other
function").

(2) Read the PCCR register and check whether the set value is read. Repeat until the set ve
read.

(3) Perform a dummy read from non-cacheable CSO space (e.g. address H'A0000000). This
result in an access to the CS0 space, and immediately afterward, CSO will be switched to
MCSI0], and port C[n] will be switched ®ICS|[n].

(4) Access can now be made to MES[1] to MCS[7] spaces.

* When the program runs MCS[0] space with cache off

(1) Set the PCCR register as in (1) above.

(2) Place at least three NOP instructions after the instruction in (1). As a result, when the PC
register is rewritten, an access to the CSO0 space will be generated, and immediately after
CSO0 will be switched tMCS[0], and port C[n] will be switched ®ICS[n].

(3) Access can now be made to MES[1] to MCS[7] spaces.
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Table 10.16 MCSCRXx Settings an®CS[x] Assertion Conditions (x: 0-7)

MCSCRXx Settings

MCS[x] Assertion Conditions

CS2/0 CAP1 CAPO A25

A24

A23

A22

CS2

»
o

Address Bus A [25:0]

Notes

0

1

1

0

H'0000000 to H'1FFFFFF

H'2000000 to H'3FFFFFF

256-Mbit ROM

H'0000000 to H'OFFFFFF

H'1000000 to H'1FFFFFF

H'2000000 to H'2FFFFFF

H'3000000 to H'3FFFFFF

128-Mbit ROM

H'0000000 to H'07FFFFF

H'0800000 to H'OFFFFFF

H'1000000 to H'17FFFFF

H'1800000 to H'1FFFFFF

H'2000000 to H'27FFFFF

H'2800000 to H'2FFFFFF

H'3000000 to H'37FFFFF

H'3800000 to H'3FFFFFF

64-Mbit ROM

H'0000000 to H'03FFFFF

H'0400000 to H'07FFFFF

H'0800000 to H'OBFFFFF

H'0C00000 to H'OFFFFFF

H'1000000 to H'13FFFFF

H'1400000 to H'17FFFFF

H'1800000 to H'1BFFFFF

H'1C00000 to H'LFFFFFF

H'2000000 to H'23FFFFF

H'2400000 to H'27FFFFF

H'2800000 to H'2BFFFFF

H'2C00000 to H'2FFFFFF

H'3000000 to H'33FFFFF

H'3400000 to H'37FFFFF

H'3800000 to H'3BFFFFF

||| FP|IPIO O OO OlOCO|lOCO|OC|FP|P|PIP  OOCIOC|OC|Fr |, O|lO|PF

k||| P OlOlO|OC|+F|+P| R IP OOl0O|CO|Fr|P|O|lO|F|PrPI O|OC|Fr | O|Fr|O

r|lkr|lo|lo|r|r|lo|lo|r|r|lo|lo|r|r|lo|lo|r|lo|lr|o|r|lo|lr]|o

r|lo|lr|lo|lr|o|lr|lOo|lr|Oo|r|lOo|lr|O|r|O

|t T e N e N o N e N Y I Y 1 I N N et ot N Y i ot A I e I ol Ol |
I rfrrrr r r r r r r, r rr r r rrrfrr T T T T I T

H'3C00000 to H'3FFFFFF

32-Mbit ROM
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Table 10.16 MCSCRXx Settings anMCS[x] Assertion Conditions (x: 0-7) (cont)

MCSCRXx Settings

MCS[x] Assertion Conditions

CS2/0 CAP1 CAPO A25

A24

A23

A22

Cs2

»
o

Address Bus A[25:0]

Notes

1

1

1

0

H'0000000 to H'1FFFFFF

H'2000000 to H'3FFFFFF

256-Mbit ROM

H'0000000 to H'OFFFFFF

H'1000000 to H'1FFFFFF

H'2000000 to H'2FFFFFF

H'3000000 to H'3FFFFFF

128-Mbit ROM

H'0000000 to H'07FFFFF

H'0800000 to H'OFFFFFF

H'1000000 to H'17FFFFF

H'1800000 to H'1FFFFFF

H'2000000 to H'27FFFFF

H'2800000 to H'2FFFFFF

H'3000000 to H'37FFFFF

H'3800000 to H'3FFFFFF

64-Mbit ROM

H'0000000 to H'03FFFFF

H'0400000 to H'07FFFFF

H'0800000 to H'OBFFFFF

H'0C00000 to H'OFFFFFF

H'1000000 to H'13FFFFF

H'1400000 to H'17FFFFF

H'1800000 to H'1BFFFFF

H'1C00000 to H'1FFFFFF

H'2000000 to H'23FFFFF

H'2400000 to H'27FFFFF

H'2800000 to H'2BFFFFF

H'2C00000 to H'2FFFFFF

H'3000000 to H'33FFFFF

H'3400000 to H'37FFFFF

H'3800000 to H'3BFFFFF

ik Ir,PIO0O 00O COjlOjOjlO|]C|FRP|FP|IFP|P OlOClO0O|OC|FR| P OC|O|PFR

k|| PP OlOlO|lOCO|F|FP|FRP|RP OjlO|lO|O|rPr|RP|O|lO|FRP|RP| O|O|FRL,r|O|FR,|O

|/, OO+ P O|OCO|r|PpP OO |FrP|FrP|IO|C|Fr|O|r|O|F,|O|FR|O

r|lo|r|o|r|o|r|lOo|r|Oo|lr|Oo|r|O|r]|O

I/ rrrrfr r r r r r r r r r r r rr || |T|T|T|T T T IO
| e O e Y Y N O O Y o I I Y O v v s Y o O Y Y O I I I A

H'3C00000 to H'3FFFFFF

32-Mbit ROM
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Section 11 Direct Memory Access Controller (DMAC)

11.1  Overview

This chip includes a four-channel direct memory access controller (DMAC). The DMAC can |
used in place of the CPU to perform high-speed transfers between external devices that hav
DACK (transfer request acknowledge signal), external memory, memory-mapped external
devices, and on-chip peripheral modules (IrDA, SCIF, A/D converter, and D/A converter). Us
the DMAC reduces the burden on the CPU and increases overall operating efficiency.

11.1.1 Features

The DMAC has the following features.

e Four channels

¢ 4-GB physical address space

e 8-bit, 16-bit, 32-bit, or 16-byte transfer (In 16-byte transfer, four 32-bit reads are executed
followed by four 32-bit writes.)

¢ 16 Mbytes (16777216 transfers)

¢ Address mode: Dual address mode and single address mode are supported. In addition,
address transfer mode or indirect address transfer mode can be selected.

O Dual address mode transfer: Both the transfer source and transfer destination are acc

by address. Dual address mode has direct address transfer mode and indirect addres
transfer mode.
Direct address transfer mode: The values specified in the DMAC registers indicates tl
transfer source and transfer destination. Two bus cycles are required for one data tra
Indirect address transfer mode: Data is transferred with the address stored prior to th
address specified in the transfer source address in the DMAC. Other operations are t
same as those of direct address transfer mode. This function is only valid in channel
Four bus cycles are requested for one data transfer.

O Single address mode transfer: Either the transfer source or transfer destination periph
device is accessed (selected) by means of the DACK signal, and the other device is
accessed by address. One transfer unit of data is transferred in one bus cycle.

« Channel functions: Transfer mode that can be specified is different in each channel.

O Channel 0: External request can be accepted.

O Channel 1: External request can be accepted.

0O Channel 2: This channel has a source address reload function, which reloads a source
address for each 4 transfers.

00 Channel 3: In this channel, direct address mode or indirect address transfer mode can
specified.
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» Reload function: The value that was specified in the source address register can be
automatically reloaded every 4 DMA transfers. This function is only valid in channel 2.

+ Transfer requests

0 External request (From twREQ pins (channels 0 and 1 onl¥)REQ can be detected
either by edge or by level)

O On-chip module request (Requests from on-chip peripheral modules such as serial
communications interface (IrDA and SCIF), A/D converter (A/D) and a timer (CMT). Th
request can be accepted in all the channels)

O Auto request (the transfer request is generated automatically within the DMAC)

» Selectable bus modes: Cycle-steal mode or burst mode

» Selectable channel priority levels:
Fixed mode: The channel priority is fixed.
Round-robin mode: The priority of the channel in which the execution request was accept
made the lowest.

» Interrupt request: An interrupt request can be generated to the CPU after transfers end by
specified counts.
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1112

Block Diagram

Figure 11.1 is a block diagram of the DMAC.

On-chip
peripheral
module

DREQO, DREQ1

IrDA, SCIF
A/D converter
CMT

DEIn

DACKO, DACK1
DRAKO, DRAK1

External
ROM

External
RAM

External 1/0

(memory
mapped)

(O

External 1/0
(with
acknowledge)

(O
(O
(O

Peripheral bus
Internal bus

A

A

N NS

O

Bus state
controller

|

DMAC module Y

|

Interation || !

|

control [« SARN <:> :

|

|

Register i DARN <:> :
control |

Y |

> I
__DMATCRn<:> .

Start-up [ |
control || |
Ty CHCRn <:> |
g l

|

L |

v DMAOR <:> :

> I
_ < |
”1 Request !
> priority I
» control :
|

|

|

l

|

Y |
|

|

|

|

Bus interface !
|

|

|

|

Legend:

DMAOR: DMAC operation register
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Figure 11.1 DMAC Block Diagram
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11.1.3  Pin Configuration
Table 11.1 shows the DMAC pins.

Table 11.1 Pin Configuration

Channel Name Symbol I/O Function
0 DMA transfer request DREQO | DMA transfer request input from
external device to channel 0
DREQ acknowledge DACKO O Strobe output to an external /0 at DMA
transfer request from external device to
channel 0
DMA request DRAKO O Output showing that DREQO has been
acknowledge accepted
1 DMA transfer request DREQ1 | DMA transfer request input from
external device to channel 1
DREQ acknowledge DACK1 O Strobe output to an external I/O at DMA
transfer request from external device to
channel 1
DMA request DRAK1 O Output showing that DREQ1 has been
acknowledge accepted

11.1.4  Register Configuration

Table 11.2 summarizes the DMAC registers. DMAC has a total of 17 registers. Each channel
four control registers. One other control register is shared by all channels.

Table 11.2 DMAC Registers

Abbrevi- Initial Register Access
Channel Name ation R/W Value Address Size Size
0 DMA source address register 0 SARO  RW Undefined H'04000020 32 bits 16, 32+?
(H'A4000020)**
DMA destination address register 0 DARO  R/W Undefined H'04000024 32 bits 16, 32*2
(H'A4000024)**
DMA transfer count register 0 DMATCRO RW Undefined H'04000028 24 bits 16, 32+
(H'A4000028)**
DMA channel control register 0 CHCRO R/W+*! H'00000000 H'0400002C 32 bits 8, 16,
H'A400002C)** 32+2
( )

356
HITACHI



Table 11.2 DMAC Registers (cont)

Abbrevi- Initial Register Access
Channel Name ation R/W  Value Address Size Size
1 DMA source address register 1 SAR1  RMW Undefined H'04000030 32 bits 16, 32*?
(H'A4000030)**
DMA destination address register 1 DAR1 ~ R/W Undefined H'04000034 32 hits 16, 32*?
(H'A4000034)**
DMA transfer count register 1 DMATCR1 R/W Undefined H'04000038 24 bits 16, 32+°
(H'A4000038)**
DMA channel control register 1 CHCR1 R/W* H'00000000H'0400003C 32 bits 8, 16, 32*2
(H'A400003C)*
2 DMA source address register 2 SAR2  RMW Undefined H'04000040 32 bits 16, 32*?
(H'A4000040)**
DMA destination address register 2 DAR2 ~ R/W Undefined H'04000044 32 hits 16, 32*2
(H'A4000044)**
DMA transfer count register 2 DMATCR2 R/W Undefined H'04000048 24 bits 16, 32+°
(H'A4000048)**
DMA channel control register 2 CHCR2 R/W+! H'00000000H'0400004C 32 bits 8, 16, 32*2
(H'A400004C)*
3 DMA source address register 3 SAR3  RW Undefined H'04000050 32 bits 16, 32*?
(H'A4000050)**
DMA destination address register 3 DAR3  R/W Undefined H'04000054 32 hits 16, 32*?
(H'A4000054)**
DMA transfer count register 3 DMATCR3 R/W Undefined H'04000058 24 bits 16, 32+°
(H'A4000058)**
DMA channel control register 3 CHCR3 R/W*! H'00000000 H'0400005C 32 bits 8, 16, 32*2
(H'A400005C)*
Shared DMA operation register DMAOR R/w+! H'0000 H'04000060 16 bits 8, 16*2
(H'A4000060)**

Notes: These registers are located in area 1 of the physical space. When the cache is enabled,
either access these registers from the P2 area in the virtual space, or make appropriate
settings by the MMU so that these registers are not cached.

1. Only Os can be written to bits 1 of CHCRO to CHCR3, and bits 1 and 2 of DMAOR to
clear flag after 1 is read.

2. If SARO to SAR3, DARO to DAR3, and CHCRO to CHCRS3 are accessed in 16 bits, the
value in 16 bits that were not accessed are held.

3. DMATCR has 24 bits from DMATCRO to DMATCR23. Therefore, even if 1s are written
to upper 24 to 31 bits, it is invalid; Os are always read if these bits are read.

4. When address translation by the MMU does not apply, the address in parentheses
should be used.
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11.2  Register Descriptions

11.2.1 DMA Source Address Registers 0-3 (SAR0-SAR3)

DMA source address registers 0-3 (SAR0-SAR3) are 32-bit read/write registers that specify t
source address of a DMA transfer. During a DMA transfer, these registers indicate the next sc

address.

To transfer data in 16 bits or in 32 bits, specify the address with 16-bit or 32-bit address bount
When transferring data in 16-byte units, a 16-byte boundary (address 16n) must be set for the

source address value. Specifying other addresses does not guarantee operation.

The initial value is undefined by resets. The previous value is held in standby mode.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:
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31 30 29 28 27 26 25 24
R/W R/W R/W R/W R/W R/W R/W R/W
23 22 21 20 0
R/W R/W R/W R/W R/W
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11.2.2 DMA Destination Address Registers 0—3 (DAR0O-DAR3)

DMA destination address registers 0—3 (DARO-DAR3) are 32-bit read/write registers that sp
the destination address of a DMA transfer. These registers include count functions, and durit
DMA transfer, these registers indicate the next destination address.

To transfer data in 16 bits or in 32 bits, specify the address with 16-bit or 32-bit address bour
Specifying other addresses does not guarantee operation.

The initial value is undefined by resets. The previous value is held in standby mode.

Bit: 31 30 29 28 27 26 25 24

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 . 0
| ] ] ]
Initial value: — — — — —
R/W: R/W R/W R/W R/W e R/W
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11.2.3 DMA Transfer Count Registers 0-3 (DMATCRO-DMATCR3)

DMA transfer count registers 0—3 (DMATCRO-DMATCR3) are 24-bit read/write registers that
specify the DMA transfer count (bytes, words, or longwords). The number of transfers is 1 wh
the setting is H'000001, and 16777216 (the maximum) when H'000000 is set. During a DMA
transfer, these registers indicate the remaining transfer count.

To transfer data in 16 bytes, one 16-byte transfer (128 bits) counts one.
Writing to upper eight bits in DMATCR is invalid; Os are read if these bits are read.

When using 16-byte transfer, an integral multiple of 4 (4n) must be set for the number of trans
to ensure normal operation.

The initial value is undefined by resets. The previous value is held in standby mode.

Bit: 31 30 29 28 27 26 25 24
| ] ] | ] |
Initial value: — — — — — — — _
R/W: R R R R R R R R
Bit: 23 22 21 20 0
| ] ] ]
Initial value: — — — — —
R/W: R/W R/W R/W R/W R/W
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11.2.4 DMA Channel Control Registers 0-3 (CHCRO-CHCR3)

DMA channel control registers 0—3 (CHCR0O—CHCR3) are 32-bit read/write registers that spe
operation mode, transfer method, or others in each channel. Writing to bits 31 to 21 and 7 ir
register is invalid; O s are read if these bits are read.

Bit 20 is only used in CHCR3. It is not used in CHCRO to CHCR2. Consequently, writing to
bit is invalid in CHCRO to CHCRZ2; 0 is read if this bit is read. Bit 19 is only used in CHCRZ2; |
not used in CHCRO, CHCR1, and CHCR3. Consequently, writing to this bit is invalid in CHC
CHCRL1, and CHCR3; 0 is read if this bit is read. Bits 6 and 16 to 18 are only used in CHCR
CHCR1; they are not used in CHCR2 and CHCR3. Consequently, writing to these bits is inv
in CHCR2 and CHCR3; 0s are read if these bits are read.

These register values are initialized to Os after power-on resets. The previous value is held i
standby mode.

Bitt 31 21 20 19 18 17 16
E . — | b | RO | RL | AM | AL |

Initial value: 0 0 0 0 0 0 0
RW: R R (RW)*2 (RW)*2 (RIW)** (RIW)* (RIW)*2

Bitt 15 14 13 12 11 10 9 8
| DML | DMO | SM1 | SMO | RS3 | RS2 | RSL | RSO |

Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ — \ DS \ ™ \ TS1 \ TSO \ IE \ TE \ DE \
Initial value: 0 0 0 0 0 0 0 0

R/W: R (RIW)*?  RIW R/W R/W RW R/(W)* R/W
Notes: 1. Only O can be written to the TE bit after 1 is read.
2. DI, RO, RL, AM, AL, and DS bits are not included in some channels.

Bits 31 to 21—ReservedThese bits are always read as 0. The write value should always be (
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Bit 20—Direct/Indirect Selection (DI): DI selects direct address mode or indirect address mods
in channel 3.

This bit is only valid in CHCR3. Writing to this bit is invalid in CHCRO to CHCRZ2; 0 is read if
this bit is read. When using 16-byte transfer, direct address mode must be specified. Operatio
not guaranteed if indirect address mode is specified.

Bit 20: DI Description
0 Direct address mode (Initial value)
1 Indirect address mode

Bit 19—Source Address Reload Bit (RO)RO selects whether the source address initial value i
reloaded in channel 2.

This bit is only valid in CHCR2. Writing to this bit is invalid in CHCRO, CHCR1, and CHCR3; (
is read if this bit is read. When using 16-byte transfer, this bit must be cleared to 0, specifying
reloading. Operation is not guaranteed if reloading is specified.

Bit 19: RO Description
0 A source address is not reloaded (Initial value)
1 A source address is reloaded

Bit 18—Request Check Level Bit (RL):RL specifies the DRAK (acknowledge BPREQ) signal
output is high active or low active.

This bit is only valid in CHCRO and CHCR1. Writing to this bit is invalid in CHCR2 and
CHCRS; 0 is read if this bit is read.

Bit 18: RL Description
0 Low-active output of DRAK (Initial value)
1 High-active output of DRAK

Bit 17—Acknowledge Mode Bit (AM): AM specifies whether DACK is output in data read cycle
or in data write cycle in dual address mode.

This bit is only valid in CHCRO and CHCR1. Writing to this bit is invalid in CHCR2 and
CHCRS3; 0 is read if this bit is read.

Bit 17: AM Description

0 DACK output in read cycle (Initial value)
1 DACK output in write cycle
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Bit 16—Acknowledge Level (AL): AL specifies the DACK (acknowledge) signal output is high
active or low active.

This bit is only valid in CHCRO and CHCR1. Writing to this bit is invalid in CHCR2 and
CHCRS; 0 is read if this bit is read.

Bit 16: AL Description
0 Low-active output of DACK (Initial value)
1 High-active output of DACK

Bits 15 and 14—Destination Address Mode Bits 1, 0 (DM1, MOPM1 and DMO select
whether the DMA destination address is incremented, decremented, or left fixed.

Bit 15: DM1 Bit 14: DMO Description

0 0 Fixed destination address (Initial value)

0 1 Destination address is incremented (+1 in 8-bit transfer, +2 in
16-bit transfer, +4 in 32-bit transfer, +16 in 16-byte transfer)

1 0 Destination address is decremented (-1 in 8-bit transfer, -2 in
16-hit transfer, —4 in 32-bit transfer; illegal setting in 16-byte
transfer)

1 1 lllegal setting

Bits 13 and 12—Source Address Mode Bits 1, 0 (SM1, SM@®M1 and SMO select whether the
DMA source address is incremented, decremented, or left fixed.

Bit 13: SM1 Bit 12: SMO Description

0 0 Fixed source address (Initial value)

0 1 Source address is incremented (+1 in 8-bit transfer, +2 in 16-
bit transfer, +4 in 32-bit transfer, +16 in 16-byte transfer)

1 0 Source address is decremented (-1 in 8-bit transfer, —2 in 16-
bit transfer, —4 in 32-bit transfer; illegal setting in 16-byte
transfer)

1 1 Reserved (illegal setting)

If the transfer source is specified in indirect address, specify the address, in which the data t
transferred is stored and which is stored as data (indirect address), in source address registe
(SAR3).

Specification of SAR3 increment or decrement in indirect address mode depends on SM1 ar
SMO settings. In this case, however, the SAR3 increment or decrement value is +4, —4, or fix
0 regardless of the transfer data size specified in TS1 and TSO.
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Bits 11 to 8—Resource Select Bits 3—-0 (RS3-RSBB3-RS0 specify which transfer requests
will be sent to the DMAC.

Bit 11: Bit10: Bit9: Bit 8:
RS3 RS2 RS1 RSO Description

0 0 0 0 External request”, dual address mode (Initial value)
0 0 0 1 lllegal setting
0 0 1 0 External request / Single address mode

External address space - external device with DACK

0 0 1 1 External request / Single address mode

External device with DACK - external address space

Auto request

lllegal setting

lllegal setting

lllegal setting

lllegal setting

lllegal setting

IrDA transmission

IrDA reception

SCIF transmission

SCIF reception

P|O|O|RP|P| OO | |FP|O|O

Internal A/D

RlRr|R|IRP|R|IRP|R|Rr|Oo|lo|]o]O
RlRr|Rr|IRP| Oo|lO|O|O|R|R|R |k
RrlOoO|lRr| lO|lR| O|R|O|R|O|R|O

1 CMT

Note: When using 16-byte transfer, the following settings must not be made:
1010 IrDA transmission
1011 IrDA reception
1100 SCIF transmission
1101 SCIF reception
1110 A/D converter
1111 CMT
Operation is not guaranteed if these settings are made.

* External request specification is valid only in channels 0 and 1. None of the request
sources can be selected in channels 2 and 3.

Bit 7—Reserved:This bit is always read 0. The write value should always be 0.
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Bit 6—DREQ Select Bit (DS):DS selects the sampling method of BREQ pin that is used in
external request mode is detection in low level or at the falling edge.

This bit is only valid in CHCRO and CHCR1. Writing to this bit is invalid in CHCR2 and
CHCRS; 0 is read if this bit is read.

In channel 0 and 1, if an on-chip peripheral module is specified as a transfer request source
auto request is specified, specification of this bit is ignored and detection at the falling edge i
fixed except in an auto-request.

Bit 6: DS Description
0 DREQ detected in low level (Initial value)
1 DREQ detected at falling edge

Bit 5—Transmit Mode (TM): TM specifies the bus mode when transferring data.

Bit 5: TM Description
0 Cycle steal mode (Initial value)
1 Burst mode

Bits 4 and 3—Transmit Size Bits 1 and 0 (TS1, TSOJ:S1 and TSO specify the size of data to
be transferred.

Bit 4: TS1 Bit 3: TSO Description

0 0 Byte size (8 bits) (Initial value)

0 1 Word size (16 bits)

1 0 Longword size (32 bits)

1 1 16-byte unit (4 longword transfers)

Bit 2—Interrupt Enable Bit (IE): Setting this bit to 1 generates an interrupt request when dat
transfer end (TE = 1) by the count specified in DMATCR.

Bit 2: IE Description
0 Interrupt request is not generated even if data transfer ends by the
specified count (Initial value)
1 Interrupt request is generated if data transfer ends by the specified
count
365
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Bit 1—Transfer End Bit (TE): TE is set to 1 when data transfer ends by the count specified in
DMATCR. At this time, if the IE bit is set to 1, an interrupt request is generated.

Before this bit is set to 1, if data transfer ends due to an NMI interrupt, a DMAC address error,
clearing the DE bit or the DME bit in DMAOR, this bit is not setto 1. Even if the DE bit is set t
1 while this bit is set to 1, transfer is not enabled.

Bit 1: TE Description
0 Data transfer does not end by the count specified in DMATCR (Initial
value)

Clear condition: Writing 0 after TE = 1 read at power-on reset or
manual reset

1 Data transfer ends by the specified count

Bit 0—DMAC Enable Bit (DE): DE enables channel operation.

Bit 0: DE Description
0 Disables channel operation (Initial value)
1 Enables channel operation

If an auto request is specifies (specified in RS3 to RS0), transfer starts when this bit is set to ]
an external request or an internal module request, transfer starts if transfer request is generat
after this bit is set to 1. Clearing this bit during transfer can terminate transfer.

Even if the DE bit is set, transfer is not enabled if the TE bit is 1, the DME bit in DMAOR is 0,
the NMIF bit in DMAOR is 1.
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11.25

DMA Operation Register (DMAOR)

The DMA operation register (DMAOR) is a 16-bit read/write register that controls the DMAC
transfer mode. Writing to bits 15 to 10 and bits 7 to 3 is invalid in this register; O is always rez

these bits are read.

It is initialized to O at power-on reset, or in hardware standby mode or software standby mod

Bit:

Initial value:

R/W:

Bit:

Initial value:

R/W:

15 14 13 12 11 10 9 8
ST oo - el
0 0 0 0 0 0 0
R R R R R R RW  RW
7 6 5 4 3 2 1 0
_ _ ‘ _ ‘ _ ‘ —_ \ AE \ NMIF‘ DME \
0 0 0 0 0 0 0 0
R R R R R RIW) RIW)} RW

Note: * Only 0 can be written to the AE and NMIF bits after 1 is read.

Bits 15 to 10—ReservedThese bits are always read as 0. The write value should always be (

Bits 9 and 8—Priority Mode Bits 1 and 0 (PR1, PRO)PR1 and PRO select the priority level
between channels when there are transfer requests for multiple channels simultaneously.

Bit 9: PR1 Bit 8: PRO Description

0 0 CHO > CH1 > CH2 > CH3 (Initial value)
0 1 CHO > CH2 > CH3 > CH1

1 0 CH2 > CHO > CH1 > CH3

1 1 Round-robin

Bits 7 to 3—ReservedThese bits are always read as 0. The write value should always be 0.
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Bit 2—Address Error Flag Bit (AE): AE indicates that an address error occurred during DMA
transfer. If this bit is set during data transfer, transfers on all channels are suspended. The C
cannot write 1 to this bit. This bit can only be cleared by writing O after reading 1.

Bit 2: AE Description
0 No DMAC address error. DMA transfer is enabled. (Initial value)
Clear conditions: Writing AE = 0 after AE = 1 read

Power-on reset, manual reset

1 DMAC address error. DMA transfer is disabled.
This bit is set by occurrence of a DMAC address error.

Bit 1—NMI Flag Bit (NMIF): NMIF indicates that an NMI interrupt occurred. This bit is set
regardless of whether DMAC is in operating or halt state. The CPU cannot write 1 to this bit.
Only 0 can be written to clear this bit after 1 is read.

Bit 1: NMIF Description
0 No NMI input. DMA transfer is enabled. (Initial value)

Clear condition: Writing NMIF = 0 after NMIF = 1 read at power-on reset
or manual reset

1 NMI input. DMA transfer is disabled.

This bit is set by occurrence of an NMI interrupt.

Bit 0—DMA Master Enable Bit (DME): DME enables or disables DMA transfers on all
channels. If the DME bit and the DE bit corresponding to each channel in CHCR are set to 1s
transfer is enabled in the corresponding channel. If this bit is cleared during transfer, transfers
all the channels can be terminated.

Even if the DME bit is set, transfer is not enabled if the TE bit is 1 or the DE bit is 0 in CHCR,
the NMIF bit is 1 in DMAOR.

Bit 0: DME Description

0 Disable DMA transfers on all channels (Initial value)
1 Enable DMA transfers on all channels
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11.3  Operation

When there is a DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it ends t
transfer. Transfers can be requested in three modes: auto request, external request, and on-
module request. The dual address mode has direct address transfer mode and indirect addre
transfer mode. In the bus mode, the burst mode or the cycle steal mode can be selected.

11.3.1 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), D
transfer count registers (DMATCR), DMA channel control registers (CHCR), and DMA opera
register (DMAOR) are set, the DMAC transfers data according to the following procedure:

1. Checks to see if transfer is enabled (DE = 1, DME = 1, TE = 0, NMIF = 0)

2. When a transfer request comes and transfer is enabled, the DMAC transfers 1 transfer ut
data (depending on the TS0 and TS1 settings). For an auto request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented for each transfer. The actual transfer flows vary by address mode and bus r

3. When the specified number of transfer have been completed (when DMATCR reaches 0)
transfer ends normally. If the IE bit of the CHCR is set to 1 at this time, a DEI interrupt is ¢
to the CPU.

4. When an NMI interrupt is generated, the transfer is aborted. Transfers are also aborted \

the DE bit of the CHCR or the DME bit of the DMAOR are changed to O.

Figure 11.2 is a flowchart of this procedure.
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( Start )
I
Initial settings
(SAR, DAR, DMATCR, CHCR, DMAOR)

[
<

DE, DME =1 and
NMIF, TE = 0?

Transfer request

occurs?*1
Bus mode,
*3 transfer request mode,
v DREQ detection selection
system

Transfer (1 transfer unit);
DMATCR -1 - DMATCR, SAR and DAR
updated

Does
NMIF =1 or
DE =0 or DME
=0?

DMATCR = 0?

Yes
DEl interrupt request (when IE = 1) | ( Transfer aborted >

Does
NMIF =1 or
DE =0 or DME
=07

Yes v
( Transfer end ) ( Normal end >

Notes: 1. In auto-request mode, transfer begins when NMIF and TE are all 0
and the DE and DME bits are set to 1.
2. DREQ = level detection in burst mode (external request) or cycle-steal

mode.
3. DREQ = edge detection in burst mode (external request), or auto-request

mode in burst mode.

No

Figure 11.2 DMAC Transfer Flowchart
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11.3.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destinatic
they can also be generated by devices and on-chip peripheral modules that are neither the s
nor the destination. Transfers can be requested in three modes: auto request, external reque
on-chip module request. The request mode is selected in the RS3—RS0 bits of the DMA cha
control registers 0-3 (CHCRO-CHCR3).

Auto-Request Mode:When there is no transfer request signal from an external source, as in
memory-to-memory transfer or a transfer between memory and an on-chip peripheral moduls
unable to request a transfer, the auto-request mode allows the DMAC to automatically genet
transfer request signal internally. When the DE bits of CHCRO-CHCR3 and the DME bit of tt
DMAOR are set to 1, the transfer begins so long as the TE bits of CHCRO—CHCR3 and the I
bit of DMAOR are all 0.

External Request Mode:In this mode a transfer is performed at the request sDRAQ) of an
external device. Choose one of the modes shown in table 11.3 according to the application s
When this mode is selected, if the DMA transfer is enabled (DE = 1, DME =1, TE = 0, NMIF
0), a transfer is performed upon a request abREQ input. Choose to detePREQ by either

the falling edge or low level of the signal input with the DS bit of CHCRO—-CHCR3 (DS =0 is
level detection, DS = 1 is edge detection). The source of the transfer request does not have 1
the data transfer source or destination.

Table 11.3 Selecting External Request Modes with the RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destination
0 0 0 0 Dual address Any* Any*
mode
1 0 Single address  External memory, External device with
mode memory-mapped DACK
external device
1 External device with  External memory,
DACK memory-mapped

external device

Note: * External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (excluding DMAC, UBC, and BSC)

On-Chip Module Request:In this mode a transfer is performed at the transfer request signal
(interrupt request signal) of an on-chip module. This mode cannot be set in case of 16-byte
transfer. The transfer request signals include 6 signals: the receive data full interrupts (RXI) :
the transmit data empty interrupts (TXI) from two serial communication interfaces (IrDA, SCI
the A/D conversion end interrupt (ADI) of the A/D converter and the compare match timer
interrupt (CMI) of the CMT (table 11.4). When this mode is selected, if the DMA transfer is
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enabled (DE =1, DME = 1, TE = 0, NMIF = 0), a transfer is performed upon the input of a
transfer request signal. The source of the transfer request does not have to be the data transf
source or destination. When RXI is set as the transfer request, however, the transfer source n
be the SCI's receive data register (RDR). Likewise, when TXI is set as the transfer request, th
transfer source must be the SCI's transmit data register (TDR). And if the transfer requester is
A/D converter, the data transfer source must be the A/D data register (ADDR).

Table 11.4 Selecting On-Chip Peripheral Module Request Modes with the RS Bit

DMA

Transfer

Request Desti-
RS3 RS2 RS1 RSO Source DMA Transfer Request Signal Source nation Bus Mode
1 0 1 0 IrDA TXI1 (IrDA transmit data empty Any* TDR1 Burst/

transmitter interrupt transfer request) cycle steal
1 0 1 1 IrDA RXI1 (IrDA receive data full RDR1 Any* Burst/

receiver interrupt transfer request) cycle steal
1 1 0 0 SCIF TXI2 (SCIF transmit data empty Any* TDR2 Burst/

transmitter interrupt transfer request) cycle steal
1 1 0 1 SCIF RXI2 (SCIF receive data full RDR1 Any* Burst/

receiver  interrupt transfer request) cycle steal
1 1 1 0 A/D ADI (A/D conversion end ADDR Any* Burst/

converter interrupt) cycle steal
1 1 1 1 CMT CMI (Compare match timer Any* Any* Burst/

interrupt) cycle steal

ADDR: A/D data register of A/D converter

Note: * External memory, memory-mapped external device, on-chip peripheral module (excluding
DMAC, UBC , and BSC)

When outputting transfer requests from on-chip peripheral modules, the appropriate interrupt
enable bits must be set to output the interrupt signals.

If the interrupt request signal of the on-chip peripheral module is used as a DMA transfer requ
signal, an interrupt is not generated to the CPU.

The DMA transfer request signals of table 11.4 are automatically withdrawn when the
corresponding DMA transfer is performed. If the cycle steal mode is being employed, they are
withdrawn at the first transfer; if the burst mode is being used, they are withdrawn at the last
transfer.
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11.3.3  Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it select
channel according to a predetermined priority order. Two modes (fixed mode and round-robi
mode) are selected by the priority bits PR1 and PRO in the DMA operation register (DMAOR

Fixed Mode: In these modes, the priority levels among the channels remain fixed. There are
kinds of fixed modes as follows:

CHO > CH1 > CH2 > CH3
CHO > CH2 > CH3 > CH1
CH2 > CHO > CH1 > CHS3

These are selected by the PR1 and the PRO bits in the DMA operation register (DMAOR).

Round-Robin Mode: Each time one word, byte, or longword is transferred on one channel, th
priority order is rotated. The channel on which the transfer was just finished rotates to the bo
of the priority order. The round-robin mode operation is shown in figure 11.3. The priority of
round-robin mode is CHO > CH1 > CH2 > CH3 immediately after reset.
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(1) When channel 0 transfers

Initial priority order

CHO >CH1 >CH2 > CH3

Priority order
afrer transfer

(2) When channel 1 transfers

v

CH1 > CH2 > CH3 > CHO

Initial priority order

CHO >CH1 >CH2 > CH3

v \ 4

Priority order

afrer transfer

CH2 >CH3 >CHO0 >CH1

(3) When channel 2 transfers

Initial priority order

CHO >CH1 >CH2 > CH3

A\ 4

Priority order
afrer transfer

Post-transfer priority order
when there is an
immediate transfer
request to channel 1 only

(4) When channel 3 transfers

v A4

CH2 >CH3 >CHO0 > CH1

Priority order
afrer transfer

CHO >CH1 >CH2 > CH3

A 4

Priority order
afrer transfer

CHO >CH1 >CH2 > CH3

Channel 0 becomes bottom
priority

Channel 0 becomes bottom
priority.

The priority of channel 0, which
was higher than channel 3, is also
shifted.

Channel 2 becomes bottom
priority.

The priority of channels 0 and 1,
which were higher than channel 2,
are also shifted. If immediately
after there is a request to transfer
channel 1 only, channel 1 becomes
bottom priority and the priority of
channels 0 and 3, which were
higher than channel 1, are also
shifted.

Priority order does not change
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Figure 11.4 shows how the priority order changes when channel 0 and channel 3 transfers a
requested simultaneously and a channel 1 transfer is requested during the channel O transfe
DMAC operates as follows:

1.
2.

o

Transfer requests are generated simultaneously to channels 0 and 3.

Channel 0 has a higher priority, so the channel 0 transfer begins first (channel 3 waits for
transfer).

. A channel 1 transfer request occurs during the channel O transfer (channels 1 and 3 are |

waiting)
When the channel 0 transfer ends, channel 0 becomes lowest priority.

. At this point, channel 1 has a higher priority than channel 3, so the channel 1 transfer bec

(channel 3 waits for transfer).
When the channel 1 transfer ends, channel 1 becomes lowest priority.
The channel 3 transfer begins.

When the channel 3 transfer ends, channels 3 and 2 shift downward in priority so that ct
3 becomes the lowest priority.

Transfer request  Waiting channel(s) DMAC operation Channel priority
(1) Channels 0 and 3
— —— (2)Channel O transfer «——— 0>1>2>3
(3) Channel 1 —» > start
l Priority order
changes

1,3 (4) Channel 0 transfer

ends /
—— (5) Channel 1 transfer

starts

1>2>3>0

Priority order

3 (6) Channel 1 transfer changes

ends /

—— (7) Channel 3 transfer
starts

2>3>0>1

None Priority order
changes
—L—  (8) Channel 3 transfer ————  0>1>2>3
ends

Figure 11.4 Changes in Channel Priority in Round-Robin Mode
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11.3.4 DMA Transfer Types

The DMAC supports the transfers shown in table 11.5. In the dual address mode, both the tra
source address and the transfer destination address are output. The dual address mode has
direct address mode and the indirect address mode. In the direct address mode, an output a
value is the data transfer target address; in the indirect address mode, the value stored in the
address, not the output address value itself, is the data transfer target address. A data transfi
timing depends on the bus mode, which has cycle steal mode and burst mode.

Table 11.5 Supported DMA Transfers

Destination
Memory- On-Chip
External Device External Mapped External Peripheral
Source with DACK Memory Device Module
External device with Not available Dual, single Dual, single Not available
DACK
External memory Dual, single Dual Dual Dual
Memory-mapped Dual, single Dual Dual Dual
external device
On-chip peripheral Not available Dual Dual Dual

module

Notes: 1. Dual: Dual address mode
2. Single: Single address mode

3. The dual address mode includes the direct address mode and the indirect address
mode.

4. 16-byte transfer is not available for on-chip peripheral modules.

Address Modes:

» Dual Address Mode
In the dual address mode, both the transfer source and destination are accessed (selectak
an address. The source and destination can be located externally or internally. The dual ac
mode has (1) direct address transfer mode and (2) indirect address transfer mode.
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(1) Inthe direct address transfer mode, DMA transfer requires two bus cycles because d
read from the transfer source in a data read cycle and written to the transfer destinati
a data write cycle. At this time, transfer data is temporarily stored in the DMAC. In th
transfer between external memories as shown in figure 11.5, data is read to the DMA
from one external memory in a data read cycle, and then that data is written to the ott
external memory in a write cycle. Figures 11.6 to 11.8 show examples of the timing &

this time.
-- DMAC -
N S
SAR > Memory
DAR
> Transfer source

module

Data|bus

Address bus

Transfer destination
module

Data buffer [«

~—" >~

The SAR value is an address, data is read from the transfer source module,
and the data is tempolarily stored in the DMAC.

First bus cycle

oo DMAC -~

| : N N

|

| SAR : Memory

| RE

| DAR Lyl 2 2

| : a ﬁ Transfer source
| - = module

| | o} [a)]

| | <

! I » Transfer destination
| » »

| Data buffer : > module

| ~— ~—

The DAR value is an address and the value stored in the data buffer in the
DMAC is written to the transfer destination module.

Second bus cycle

Figure 11.5 Operation of Direct Address Mode in Dual Address Mode
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CKIO

| | | |

[ Transfer source | "\/ Transfer destination '
A2510 A0 >< address >< >< address ><

o\ NI

\
i
D31 to DO T
| —
— \
\
\

WEn

DACKnN \

Data read cycle Data write cycle

y

e EEE—— ]
(1st cycle) ! ! (2nd cycle)

{

Note: Transfer between external memories, DACK output in a read cycle DACK output timing
is the same as that of CSn.

Figure 11.6 Example of DMA Transfer Timing in the Direct Address Mode
in the Dual Mode
(Transfer Source: Ordinary Memory, Transfer Destination: Ordinary Memory)

378
HITACHI




CKIO
A25 to AQ TransferX +4 D( +8 X +12 X;P(Transferx +4 5( +8 b( +12 X:

UI’CE address I estination address I I I

N N e
e e e
POl L L
WEm L I N i I

i (2nd cy:cle) 1 1

Note: Transfer between external memories, DACK output in a read cycle DACK output timing
is the same as that of CSn.

Figure 11.7 Example of DMA Transfer Timing in the Direct Address Mode
in the Dual Mode
(16-byte Transfer, Transfer Source: Ordinary Memory, Transfer Destination: Ordinary
Memory)
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! Data write cycle :

(1st cycle) (2nd cycle)

Note: Transfer between external memories, DACK output in a read cycle DACK output timing
is the same as that of CSn.

Figure 11.8 Example of DMA Transfer Timing in the Direct Address Mode
in the Dual Mode
(16-byte Transfer, Transfer Source: Synchronous DRAM, Transfer Destination: Ordinary
Memory)

(2) In the indirect address transfer mode, the address of memory in which data to be
transferred is stored is specified in the transfer source address register (SAR3) in the
DMAC. 16-byte transfer is not possible. Consequently, in this mode, the address value
specified in the transfer source address register in the DMAC is read first. This value i
temporarily stored in the DMAC. Next, the read value is output as an address, and the
value stored in that address is stored in the DMAC again. Then, the value read afterw
is written to the address specified in the transfer destination address; this completes ol
DMA transfer.

Figure 11.7 shows one example. In this example, the transfer destination, the transfer
source, and the storage destination of the indirect address are external memories, anc
transfer data is 16 or 8 bits. Figure 11.8 shows an example of the transfer timing.

In this mode, one NOP cycle (CK1 cycle shown in figure 11.10) is required to output d:
read as an indirect address to an address bus.

If transfer data is 32 bits, third and fourth bus cycles shown in figure 11.10 is required
twice for each; a total of six bus cycles and one NOP cycle are required.

380
HITACHI



v
! PN AN
. SAR3 v Memory
[ ! (%)
L] >
: ' 2 %)
: 'a DAR3 | 8 Ei
'
oA = 8 Transfer source module
! Temporary | + | 2 8
 C buffer H
' L]
: Data ' Transfer destination
' buffer ' module
' 'S N

When the value in SAR3 is an address, the memory data is read and the value is
stored in the temporary buffer. The value to be read must be 32 bits since it is used
for the address.

First and second bus cycles

v
' P AN
'
: SAR3 ! Memory
i D DAR3 |2 8
M ' a o
YA ' 4] S Transfer source module
' Temporary | g K
! c buffer vl <
'
: Data ! Transfer destination
' buffer ' module
' NS N

When the value in the temporary buffer is an address, the data is read from the
transfer source module to the data buffer.

Third bus cycle

v
' N N
'
: SAR3 : Memory
: L
1 D DAR3 na I 9
M . % o
LN ' 2 < Transfer source module
' Temporary | ] 8
 C buffer V2
' L]
: Data ' Transfer destination
' buffer ' module
' NS N

When the value in SAR3 is an address, the value in the data buffer is written to the
transfer source module.

Fourth bus cycle

Note: The above description uses the memory, transfer source module, or transfer
destination module; in practice, any module can be connected in the addressing
space.

Figure 11.9 Operation of Indirect Address in the Dual Address Mode
(When the External Memory Space has a 16-bit Width)
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CK

[ [ [ [ [
I , . . . .
| Transfer | Transfer | | . | Transfer |

A25t0 A0 | source source | X NOP, Indirect | X destination |
| address (H) |/ \ address (L), | address address
I | I | | |
I | I | I I

CSn : ! ! | | |

[ | [ | [

I { { | 1 f

[ ‘ ; | ‘ ‘
Indirect Indirect Transfer Ti f

| | | | | ransfer

D3l1to DO | /(ddress (H) |,/ Xaddress (L) | \/ data >_< data

I I | I I b
Internal ; \, Transfer sour‘ce \ Iﬁdéct \ | |
address / ! ! !
bus | A\ addrers t >< NOP) ><address>< ] [ |
| 1 |
— v 4 l
Internal | \ | Transfer ransfer
databus |, X  Transfer slougce address F? >< | >< data data :
DMAC | ! I ‘ \
indirect I ><‘ | Indirect | \ ‘
address | ‘ ‘ [ address | ‘
buffer | : : ‘ : J / ;
| [ [
DMAC : : [ I Transfer ;
data | L daa |
buffer I | | ‘ ‘ |
[
__ ! ! ‘ ‘ !
RD | ‘ ! } | ‘
| ! ! [ | !
WEn | ; ; ‘ ! \
| [ [
: [
! Address read cycle : NOP ! Data ! Data |
! | | cycle | readcycle | write cycle |
| | | >
‘ > > > -t ;
| (1st) | (2nd) : : (3rd) : (4th) ‘
‘ [
| I | | ‘

Transfer between external memories

Notes: 1. The internal address bus value does not change, and controlled by the port.
2. The DMAC does not fetch the value until 32-bit data is output to the internal
data bus.

Figure 11.10 Example of Transfer Timing in the Indirect Address Mode
in the Dual Address Mode
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¢ Single Address Mode

In single address mode, either the transfer source or transfer destination peripheral devic
accessed (selected) by means of the DACK signal, and the other device is accessed by &
In this mode, the DMAC performs one DMA transfer in one bus cycle, accessing one of tf
external devices by outputting the DACK transfer request acknowledge signal to it, and af
same time outputting an address to the other device involved in the transfer. For example
the case of transfer between external memory and an external device with DACK, when t
external device outputs data to the data bus, that data is written to the external memory ir

same bus cycle.

External address bus

External data bus

~
SH7709A m A »
[ External
DMAC ; memory
<:’ External device
with DACK
-~ /_\/ A
DACK
DREQ
------- + Data flow

Figure 11.11 Data Flow in Single Address Mode

Two kinds of transfer are possible in single address mode: (1) transfer between an external «
with DACK and a memory-mapped external device, and (2) transfer between an external de
with DACK and external memory. In both cases, only the external request signal (DREQ) is |

for transfer requests.

Figures 11.12 to 11.14 show examples of DMA transfer timing in single address mode.
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CKI0 J I_, I_, I_

A25 to AO X X -«—— Address output to external memory space
CSn —\I
WE -a—— Write strobe signal to external memory space

D31toD0 —<____ ) —— - Data output from external device with DACK
DACKn \ / -4—— DACK signal (active-low) to external device with DACK
S
(a) External device with DACK — external memory space (ordinary memory)

co LT 1

A25 to AO X X -«+—— Address output to external memory space
CSn —\I
RD -a—— Read strobe signal to external memory space
D31 to DO { ~&— Data output from external memory space

DACKn \ / -4—— DACK signal (active-low) to external device with DACK
/e

(b) External memory space — external device with DACK (active low)

Figure 11.12 Example of DMA Transfer Timing in Single Address Mode
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A25 to AO A Transfer ;X +4 D( +8 R +12 D(
isource addressi E . E

csn | ] ] [ N
parone ——<__ >—<__ ><_ > >—

=)

@)

En

mo LT

Figure 11.13 Example of DMA Transfer Timing in Single Address Mode
(External Memory Space (Ordinary Memory) -> External Device with DACK)

Bus Modes:There are two bus modes: cycle steal and burst. Select the mode in the TM bits «
CHCRO-CHCRS.

¢ Cycle-Steal Mode

In the cycle-steal mode, the bus right is given to another bus master after a one-transfer-t
(8-, 16-, or 32-bit unit) DMA transfer. When another transfer request occurs, the bus right
obtained from the other bus master and a transfer is performed for one transfer unit. Whe
transfer ends, the bus right is passed to the other bus master. This is repeated until the tr
end conditions are satisfied.

In the cycle-steal mode, transfer areas are not affected regardless of settings of the trans
request source, transfer source, and transfer destination. Figure 11.14 shows an example
DMA transfer timing in the cycle steal mode. Transfer conditions shown in the figure are:

0 Dual address mode
0 DREQ level detection
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oree /

Bus right returned to CPU
—N

Bus cycle X cPU X cPU X cPU XDMACKXDMACK cPU XDMACKDMACK cPu X cPU X

Read Write Read Write

Figure 11.14 Transfer Example in the Cycle-Steal Mode

» Burst Mode
Once the bus right is obtained, the transfer is performed continuously until the transfer end
condition is satisfied. In the external request mode with low level detection ORIR@ pin,
however, when thBREQ pin is driven high, the bus passes to the other bus master after the
DMAC transfer request that has already been accepted ends, even if the transfer end conc
have not been satisfied.
The burst mode cannot be used when the serial communications interface (IRDA and SCI)
the transfer request source. Figure 11.15 shows a timing at this point.

DREQ \ /
Bus cycle X CPU X cPU X CPU XDMACXDMACKXDMACKDMACKDMACKDMACK CPU X

Read Write Read Write Read Write

Figure 11.15 Transfer Example in the Burst Mode
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Relationship between Request Modes and Bus Modes by DMA Transfer Categoiable
11.6 shows the relationship between request modes and bus modes by DMA transfer categc

Table 11.6 Relationship of Request Modes and Bus Modes by DMA Transfer Category

Address Request Bus Transfer Usable
Mode  Transfer Category Mode Mode Size (bits)  Channels
Dual External device with DACK and External B/C 8/16/32/128 0,1
external memory
External device with DACK and External B/C 8/16/32/128 0, 1
memory-mapped external device
External memory and external Allr1 B/C 8/16/32/128 0-3*>
memory
External memory and memory- All *1 B/C 8/16/32/128 0-3*°
mapped external device
Memory-mapped external device  All *1 B/C 8/16/32/128 0-3*>
and memory-mapped external
device
External memory and on-chip All #2 B/C*3  8/16/32**4  0-3*°
peripheral module
Memory-mapped external device  All *2 B/C*3  8/16/32*4  0-3*5
and on-chip peripheral module
On-chip peripheral module and on-  All *2 B/C*3  8/16/32*4  0-3*5
chip peripheral module
Single  External device with DACK and External B/C 8/16/32/128 0,1
external memory
External device with DACK and External B/C 8/16/32/128 0, 1

memory-mapped external device

B: Burst, C: Cycle steal
Notes: 1. External requests, auto requests and on-chip peripheral module requests are all
available. For on-chip peripheral module requests, however, IrDA, SCI, and A/D
converter cannot be specified as the transfer request source.
2. External requests, auto requests and on-chip peripheral module requests are all
available. When the IrDA, SCI, or A/D converter is also the transfer request source,
however, the transfer destination or transfer source must be the IrDA, SCI, or A/D
converter, respectively.
3. If the transfer request source is the IrDA or SCI, the cycle-steal mode is only available.
4. The access size permitted when the transfer destination or source is an on-chip
peripheral module register.
5. If the transfer request is an external request, channels 0 and 1 are only available.
6. If the transfer request source is the DRAM or SDRAM, the transfer size should be set
smaller than the bus width.
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Bus Mode and Channel Priority Order: When a given channel 1 is transferring in burst mode
and there is a transfer request to a channel 0 with a higher priority, the transfer of channel 0 w
begin immediately.

At this time, if the priority is set in the fixed mode (CHO > CH1), the channel 1 transfer will
continue when the channel 0 transfer has completely finished, even if channel 0 is operating i
cycle steal mode or in the burst mode.

If the priority is set in the round-robin mode, channel 1 will begin operating again after channe
completes the transfer of one transfer unit, even if channel 0 is in the cycle steal mode or in tf
burst mode. The bus will then switch between the two in the order channel 1, channel 0, chan
channel 0.

Even if the priority is set in the fixed mode or in the round-robin mode, it will not give the bus t
the CPU since channel 1 is in the burst mode. This example is illustrated in figure 11.16.

CPU DMAC \V DMAC \V DMAC \\ DMAC Y DMAC \V DMAC \| DMAC CPU
CH1 CH1 CHO CH1 CHO CH1 CH1

CHO | CH1 | CHO
< > - >
DMAC CH1 Round-robin mode in DMAC CH1
CPU Burst mode DMAC CHO and CH1 Burst mode CPU

=‘<
Priority: Round-robin mode
CHO: Cycle-steal mode
CHL1: Burst mode

<
I~

Figure 11.16 Bus State when Multiple Channels Are Operating

11.3.5 Number of Bus Cycle States anBREQ Pin Sampling Timing

Number of Bus Cycle StatesWhen the DMAC is the bus master, the number of bus cycle state
is controlled by the bus state controller (BSC) in the same way as when the CPU is the bus m
For details, see section 13, Bus State Controller (BSC).

DREQ Pin Sampling Timing: In external request mode, th®EQ pin is sampled by clock pulse
(CKIO) falling edge or low level detection. WhBIREQ input is detected, a DMAC bus cycle is
generated and DMA transfer performed, at the earliest, three states later.

The second and subsequBbREQ sampling operations are started two cycles after the first
sample.
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Operation

Cycle-Steal Mode

In cycle-steal mode, tHBREQ sampling timing is the same regardless of whether level or
edge detection is used.

For example, in figure 11.17 (cycle-steal mode, level detection), DMAC transfer begins, a
earliest, three cycles after the first sampling is performed. The second sampling is started
cycles after the first. IDREQ is not detected at this time, sampling is performed in each
subsequent cycle.

Thus,DREQ sampling is performed one step in advance. The third sampling operation is
performed until the idle cycle following the end of the first DMA transfer.

The above conditions are the same whatever the number of CPU transfer cycles, as shov
figure 11.18, and whatever the number of DMA transfer cycles, as shown in figure 11.19.

DACK is output in a read in the example in figure 11.17, and in a write in the example in
figure 11.18. In both cases, DACK is output for the same durati@S@as

Figure 11.20 illustrates the case whBREQ is not detected and sampling is subsequently
executed every cycle.

Figure 11.21 shows an example of edge detection in cycle-steal mode.
Burst Mode, Level Detection

In the case of burst mode with level detection,DREQ sampling timing is the same as in the
cycle-steal mode.

For example, in figure 11.22, DMAC transfer begins, at the earliest, three cycles after the
sampling is performed. The second sampling is started two cycles after the first. Subsequ
sampling operations are performed in the idle cycle following the end of the DMA transfer
cycle.

In the burst mode, also, the DACK output period is the same as in the cycle-steal mode.
Burst Mode, Edge Detection
In the case of burst mode with edge detectitREQ sampling is only performed once.

For example, in figure 11.23, DMAC transfer begins, at the earliest, three cycles after the
sampling is performed. After this, DMAC transfer is executed continuously until the numb:
data transfers set in the DMATCR register have been complaRdtl) is not sampled during
this time.
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To restart DMA transfer after it has been suspended by an NMI, first clear NMIF, then inpu
edge request again.

In the burst mode, also, the DACK output period is the same as in the cycle-steal mode.

kDMAC(W)

DMA‘C(R) 9

F

3rd sampling

)

DMA‘C(W)

(

)

DMAC(R)

2nd sampling
K
I
I

i
CPU
i

1st sampling

|
Bus cycle K
|

DACK

Figure 11.17 Cycle-Steal Mode, Level Input (CPU Access: 2 Cycles)
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|
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Level Input (CPU Access: 3 Cycles)

Figure 11.18 Cycle-Steal Mode,
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D

DMAC(W)

3rd sampling

)

DMAC(R)

1st sampling  2nd sampling

CPU

DACK

Bus cycle {
(RD output) ;

Figure 11.19 Cycle-Steal Mode, Level input (CPU Access: 2 Cycles, DMA RD Access: 4
Cycles)
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Buidwes pig Buidwes pug Buydwes 1sT

suess Buiduwres ajoAo-1ad s)ess Buldwes ajoko-1ad
‘yby st o3HQ dduIs g ‘ubly sl D3YQ dduls Ing
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3
y

Figure 11.20 Cycle-Steal Mode, Level input (CPU Access: 2 Cycles, DREQ Input Delayed
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Figure 11.21 Cycle-Steal Mode, Edge input (CPU Access: 2 Cycles)
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Figure 11.22 Burst Mode, Level Input
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Figure 11.23 Burst Mode
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11.3.6  Source Address Reload Function

Channel 2 includes a reload function, in which the value returns to the value set in the sourc
address register (SAR?2) for each four transfers by setting the RO bit in CHCR2. 16-byte trar
cannot be used. Figure 11.24 shows this operation. Figure 11.25 shows the timing chart of t
source address reload function, which is under the following conditions: burst mode, auto rec
16-bit transfer data size, SAR2 count-up, DAR?2 fixed, reload function on, and usage of only
channel 2.

=== -DMAC---~-- - - - - - - - — - - AN
| |
: DMAC control :
I RO bit=1 !
| R < CHCR2 :
|
I : :
| .
Transfer | ! Count signal |
requestl—_" _____ T __________ - » DMATCR2 | @
| ! | ! o
| | v | y’
' : Reload signal Pl
! ' Reload control | - —» gna | SAR2 'l s
I : (initial value) | ! 2
| |
[ | 1 Reload O |
| .
| signal |
: Iy 4 time > SAR2 |
I count [ :
|
|
: .
|
:. ______________________________________ | \/
Figure 11.24 Source Address Reload Function Diagram
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CK

Internal
address bus X SAR2 X DAR2 XSAR2+2)( DAR2 XSAR2+4X DAR2 XSAR2+6X DAR2 X SARZX

Internal 5 X SAR? data X SAR2+2 data X SAR2+4 data X SAR2+6 data X
data bus :

E First transfer of . . . .

channel 2 ' Second transfer ' Third transfer ' Fourth transfer ' Fifth transfer
SAR?2 output ' SAR2+2 output ' SAR2+4 output ' SAR2+6 output '
DAR2 output | DARZ2output | DAR2output | DAR2output |
SAR2 reload

SAR2 output
DAR2 output

Figure 11.25 Timing Chart of Source Address Reload Function
Even if the transfer data size is 8, 16, or 32 bits, a reload function can be executed.

DMATCRZ2, which specifies a transfer count, increments 1 each time a transfer ends regardle:
whether a reload function is on or off. Consequently, be sure to specify the value multiple of f
in DMATCR2 when the reload function is on. Specifying other values does not guarantee the
operation.

Though the counters that count transfers of four times for the reload function are reset by clea
the DME bit in DMAOR or the DE bit in CHCR2, by setting the transfer end flag (TE bit in
CHCR2), by inputting NMI, besides by reset or standby, the SAR2, DAR2, DMATCR?2 registel
are not reset. Therefore, if these sources are generated, the counters that are initialized and
initialized exist in the DMAC; malfunction will be caused by restarting the DMAC in that state.
Consequently, if these sources occur except for setting the TE bit during the usage of the relo
function, set SAR2, DAR2, and DMATCR2 again.
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11.3.7 DMA Transfer Ending Conditions

The DMA transfer ending conditions vary for individual channels ending and all channels enc
together. At transfer end, the following conditions are applied except the case where the valt
in the DMA transfer count register (DMATCR) reaches 0.

(a) Cycle-steal mode (external request, internal request, and auto request)

When the transfer ending conditions are satisfied, DMAC transfer request acceptance is
suspended. The DMAC stops operating after completing the number of transfers that it h
accepted until the ending conditions are satisfied.

In the cycle-steal mode, the operation is the same regardless of whether the transfer reqt
detected by the level or at the edge.

(b) Burst mode, edge detection (external request, internal request, and auto request)

The timing from the point where the ending conditions are satisfied to the point where the
DMAC stops operating does not differ from that in cycle steal mode. In the edge detectio
the burst mode, though only one transfer request is generated to start up the DMAC, stor
request sampling is performed in the same timing as transfer request sampling in the cycl
steal mode. As a result, the period when stop request is not sampled is regarded as the |
when transfer request is generated, and after performing the DMA transfer for this period,
DMAC stops operating.

(c) Burst mode, level detection (external request)
Same as described in (a).
(d) Bus timing when transfers are suspended

The transfer is suspended when one transfer ends. Even if transfer ending conditions are
satisfied during read in the direct address transfer in the dual address mode, the subsequ
write process is executed, and after the transfer in (a) to (¢c) above has been executed, DI
operation suspends.
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Individual Channel Ending Conditions: There are two ending conditions. A transfer ends wher
the value of the channel’'s DMA transfer count register (DMATCR) is 0, or when the DE bit of t
channel's CHCR is cleared to 0.

When DMATCR is 0: When the DMATCR value becomes 0 and the corresponding channe
DMA transfer ends, the transfer end flag bit (TE) is set in the CHCR. If the IE (interrupt
enable) bit has been set, a DMAC interrupt (DEI) is requested to the CPU. This transfer en
does not apply to (a) to (d) described above.

* When DE of CHCR is 0: Software can halt a DMA transfer by clearing the DE bit in the
channel’'s CHCR. The TE bit is not set when this happens. This transfer ending applies to {
(d) described above.

Conditions for Ending All Channels Simultaneously:Transfers on all channels end when 1) the
NMIF (NMI flag) bit is set to 1 in the DMAOR, or 2) when the DME bit in the DMAOR s cleare
to 0.

» Transfers ending when the NMIF bit is set to 1 in DMAOR: When an NMI interrupt occurs,
the NMIF bit is set to 1 in the DMAOR and all channels stop their transfers according to the
conditions in (a) to (d) described above, and pass the bus right to other bus masters.
Consequently, even if the NMI bit is set to 1 during transfer, the SAR, DAR, DMATCR are
updated. The TE bit is not set. To resume the transfers after NMI interrupt exception
processing, clear the NMIF bit to 0. At this time, if there are channels that should not be
restarted, clear the corresponding DE bit in the CHCR.

» Transfers ending when DME is cleared to O in DMAOR: Clearing the DME bit to O in the
DMAOR forcibly aborts the transfers on all channels. The TE bit is not set. All channels ab
their transfers according to the conditions in (a) to (d) in 11.3.7 Transfer Ending Condition,
in NMI interrupt generation. In this case, the values in SAR, DAR, and DMATCR are also
updated.
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11.4  Compare Match Timer (CMT)

11.4.1 Overview

DMAC has an on-chip compare match timer (CMT) to generate DMA transfer request. The C
has 16-bit counter.

Features
The CMT has the following features:

« Four types of counter input clock can be selected
O One of four internal clocks (@4, Ry8, Rp/16, Ry64) can be selected.

¢ Generate DMA transfer request when compare match occurs.
Block Diagram

Figure 11.26 shows a CMT block diagram.

P4 P@8 P@/16 P@64

“““““““““““ T

Control circuit |—>| Clock selection |
A A

-
<
<

CMCSRO
CMCORO
Comparator
CMCNTO

Bus
interface

Module bus

CMSTR: Compare match timer start register
CMCSRO: Compare match timer control/status register 0
CMCORO: Compare match timer constant register O
CMCNTO: Compare match timer counter O

Figure 11.26 CMT Block Diagram
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Register Configuration
Table 11.7 summarizesthe CMT register configuration.

Table11.7 Register Configuration

Initial Access Size

Name Abbreviation R/W Value Address (Bits)
Compare match timer start CMSTR R/(W) H'0000 H'4000070 8, 16, 32
register (H'A4000070)*?
Compare match timer CMCSRO R/(W)**  H0000 H'4000072 8, 16, 32
control/status register 0 (H'A4000072)*?
Compare match counter 0 CMCNTO R/W H'0000 H'4000074 8, 16, 32

(H'A4000074)*?
Compare match constant CMCORO R/W H'FFFF H'4000076 8, 16, 32
register 0 (H'A4000076)*?

Notes: These registers are located in area 1 of the physical space. When the cache is enabled,
either access these registers from the P2 area in the virtual space, or make appropriate
settings by the MMU so that these registers are not cached.

1. The only value that can be written to CMF bits in CMCSRO is a 0 to clear the flags.

2. When address translation by the MMU does not apply, the address in parentheses
should be used.

1142 Register Descriptions
Compare Match Timer Start Register (CMSTR)

The compare match timer start register (CMSTR) is a 16-bit register that selects whether to
operate or halt the channel 0 and channel 1 counters (CMCNT). It isinitialized to H'0000 by
resets. It retainsits previous value in standby mode.

Bit: 15 14 13 12 11 10 9 8
-l -l -1 -1-]T-17T-1=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
- - =] - =] =] — |smwo]
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R/W R/W

Bits 15 to 2—Reserved: These bits are always read as 0. The write value should aways be 0.
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Bit 1—Reserved:This bit can be read or written. Write 0 when writing.

Bit 0—Count start 0 (STRO): Selects whether to operate or halt compare match timer counter

Bit 0: STRO Description
0 CMCNTO count operation halted (Initial value)
1 CMCNTO count operation

Compare Match Timer Control/Status Register 0 (CMCSRO)

The compare match timer control/status register 0 (CMCSRO0) is a 16-bit register that indicat
occurrence of compare matches, sets the enable/disable of interrupts, and establishes the cl
used for incrementation. It is initialized to H'0000 by resets. It retains its previous value in sta
mode.

Bit: 15 14 13 12 11 10 9 8
-l -1 -1-1-1=-]T-17=
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
v | — | — | — | — | — | cKs1| CKso |
Initial value: 0 0 0 0 0 0 0 0
R/W: R/(W)* R/W R R R R R/W R/W

Note: The only value that can be written is O to clear the flag.

Bits 15 to 8 and 5 to 2—Reservedfhese bits always read as 0 and cannot be modified.

Bit 7—Compare match flag (CMF): This flag indicates whether or not the compare match tim
counter 0 (CMCNTO) and compare match timer constant register 0 (CMCORO) values have
matched.

Bit 7: CMF Description

0 CMCNT and CMCOR values have not matched (Initial value)
Clear condition: Write 0 to CMF after reading CMF = 1

1 CMCNT and CMCOR values have matched
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Bit 6 —Reserved: This bit can be read or written. Write 0 when writing.

Bits 1 and 0—Clock select 1 and 0 (CKS1, CKSOThese bits select the clock input to the
CMCNT from among the four internal clocks obtained by dividing the system cl@gtkVifpen

the STR bit of the CMSTR is set to 1, the CMCNTO begins incrementing with the clock selecte
by CKS1 and CKSO.

Bit 1. CKS1 Bit 0: CKSO Description

0 0 P @4 (Initial value)
1 P @8
1 0 P @16
1 P @64

Compare Match Counter 0 (CMCNTO)
The compare match counter 0 (CMCNTO) is a 16-bit register used as an up-counter.

When an internal clock is selected with the CKS1 and CKSO bits of the CMCSRO register and
STR bit of the CMSTR is set to 1, the CMCNTO begins incrementing with that clock. When the
CMCNTO value matches that of the compare match constant register 0 (CMCORO0), the CMCI
is cleared to H'0000 and the CMF flag of the CMCSRO is set to 1.

The CMCNTO is initialized to H'0000 by resets. It retains its previous value in standby mode.

Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Compare Match Constant Register 0 (CMCORO)

The compare match constant register 0 (CMCORO) is a 16-bit register that sets the compare
period with the CMCNTO.

The CMCORQO is initialized to H'FFFF by resets. It retains its previous value in standby mode

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

11.4.3  Operation

Period Count Operation

When an internal clock is selected with the CKS1, CKSO bits of the CMCSRO register and th
STR bit of the CMSTR is set to 1, the CMCNTO begins incrementing with the selected clock.
When the CMCNT counter value matches that of the CMCORO, the CMCNTO counter is clec
to H'0000 and the CMF flag of the CMCSRO register is set to 1. The CMCNTO counter begin
counting up again from H'0000.

Figure 11.27 shows the compare match counter operation.

CMCNTO value

Counter cleared by
CMCORO compare match

CMCORO

H'0000

Figure 11.27 Counter Operation
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CMCNTO Count Timing

One of four clocks (@4, Rp/8, Rp/16, Ry64) obtained by dividing the clockg@Fcan be selected
by the CKS1 and CKSO bits of the CMCSRO. Figure 11.28 shows the timing.

e« | LI LU L L P Lo

Internal clock T

% ‘ ) ‘

CMCNTO input 4,—‘ ’—\—
clock « «

U U

[(¢
CMCNTO N-1 7 N 7 N+1

(¢
U

Figure 11.28 Count Timing

11.4.4 Compare Match
Compare Match Flag Set Timing

The CMF bit of the CMCSRO register is set to 1 by the compare match signal generated wher
CMCORQO register and the CMCNTO counter match. The compare match signal is generated
the final state of the match (timing at which the CMCNTO counter matching count value is
updated). Consequently, after the CMCORO register and the CMCNTO counter match, a comj
match signal will not be generated until a CMCNTO counter input clock occurs. Figure 11.29
shows the CMF bit set timing.
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oK |

CMCNTO
input clock —

CMCNTO N 0

CMCORO N

Compare
match signal

CMF

CMI ‘

Figure 11.29 CMF Set Timing
Compare Match Flag Clear Timing

The CMF bit of the CMCSRO register is cleared by writing O to it after reading 1. Figure 11.3(
shows the timing when the CMF bit is cleared by the CPU.

CMCSRO write cycle
Ty T,

- - [

CK J L
CMF

Figure 11.30 Timing of CMF Clear by the CPU
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11.5 Examples of Use

11.5.1 Example of DMA Transfer between On-Chip IrDA and External Memory

In this example, receive data of on-chip IrDA is transferred to external memory using DMAC
channel 3. Table 11.8 shows the transfer conditions and register settings. In addition, it is
recommended that the trigger of the number of receive FIFO data in IrDA is setto 1 (RTRGL1 :
RTRGO = 0 in SCFCR).

Table 11.8 Transfer Conditions and Register Settings for Transfer between On-Chip SCI
and External Memory

Transfer Conditions Register  Setting

Transfer source: RDR1 of on-chip IrDA SAR3 H'0400014A
Transfer destination: external memory DARS3 H'00400000
Number of transfers: 64 DMATCR3 H'00000040
Transfer source address: fixed CHCR3 H'00004B05

Transfer destination address: incremented

Transfer request source: IrDA (RXI1)

Bus mode: cycle steal

Transfer unit: byte

Interrupt request generated at end of transfer
Channel priority order: 0>2>3>1 DMAOR  H'0101
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11.5.2 Example of DMA Transfer between ADO and External Memory
(Address Reload on)

In this example, DMA transfer is performed between the on-chip A/D converter (transfer soul
and the external memory (transfer destination) with address reload function on. Table 11.9 s
the transfer conditions and register settings.

Table 11.9 Transfer Conditions and Register Settings for Transfer between On-Chip A/D
converter and External Memory

Transfer Conditions Register  Setting

Transfer source: on-chip A/D converter SAR2 H'04000080
Transfer destination: external memory DAR2 H'00400000
Number of transfers: 128 (reloading 32 times) DMATCR2 H'00000080
Transfer source address: incremented CHCR2 H'00089E35

Transfer destination address: decremented

Transfer request source: A/D converter

Bus mode: burst

Transfer unit: long word

Interrupt request generated at end of transfer

Channel priority order: 0>2>3>1 DMAOR  H'0101

When the address reload function is on, the value set in SAR returns to the initially set value
each four transfers. In this example, when an interrupt request is generated from A/D conve
byte data is read from the register in address H'04000080 in A/D converter , and it is written
external memory address H'00400000. Since longword data has been transferred, the value:
SAR and DAR are H'04000084 and H'003FFFFC, respectively. The bus right is maintained
data transfers are successively performed because this transfer is in the burst mode.

After four transfers end, fifth and sixth transfers are performed if the address reload function
and the value in SAR is incremented from H'0400008C, H'04000090, H'04000094,.... If the
address reload function is on, the DMA transfer stops after the fourth transfer ends, the bus 1
signal to the CPU is cleared. At this time, the value stored in SAR is not incremented from
H'0400008C to H'04000090, but returns to the initially set value H'04000080. The value in D,
continues being incremented regardless of whether the address reload function is on or off.
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As a result, the values in the DMAC are as shown in table 11.10 when the fourth transfer end:
depending on whether the address reload function is on or off.

Table 11.10 Values in the DMAC after the Fourth Transfer Ends

Iltems Address reload on Address reload off
SAR H'04000080 H'04000090
DAR H'003FFFFC H'003FFFFC
DMATCR H'0000007C H'0000007C
Bus right Released Held

DMAC operation Stops Keeps operating
Interrupt Not generated Not generated
Transfer request source flag Executed Not executed
clear

Notes: 1. An interrupt is generated regardless of whether the address reload function is on or off,
if transfers are executed until the value in DMATCR reaches 0 and the IE bit in CHCR
has been set to 1.

2. The transfer request source flag is cleared regardless of whether the address reload
function is on or off, if transfers are executed until the value in DMATCR reaches 0.

3. Specify the burst mode to use the address reload function. This function may not be
correctly executed in the cycle steal mode.

4. Set the value multiple of four in DMATCR to use the address reload function. This
function may not be correctly executed if other values are specified.

11.5.3 Example of DMA Transfer between External Memory and SCIF Transmitter
(Indirect Address on)

In this example, DMA transfer is performed between the external memory specified with the
indirect address (transfer source) and the SCIF transmitter (transfer destination) using DMAC
channel 3. Table 11.11 shows the transfer conditions and register settings. In addition, the tric
of the number of transmit FIFO data is setto 1 (TTRG1 = TTRGO =1 in SCFCR).
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Table 11.11 Transfer Conditions and Register Settings for Transfer between External
Memory and SCIF Transmitter

Transfer Conditions Register  Setting

Transfer source: external memory SAR3 H'00400000
Value stored in address H'00400000 — H'00450000
Value stored in address H'04500000 — H'55

Transfer destination: On-chip SCIF TDR2 DARS3 H'04000156
Number of transfers: 10 DMATCR3 H'0000000A
Transfer source address: incremented CHCR3 H'00011C01

Transfer destination address: fixed

Transfer request source: SCIF (TXI2)

Bus mode: cycle steal

Transfer unit: byte

No interrupt request generated at end of transfer

Channel priority order: 0>1>2>3 DMAOR  H'0001

If the indirect address is on, data stored in the address set in SAR is not used as transfer sot
data. In the indirect address, after the value stored in the address set in SAR is read, that rec
is used as an address again, and the value stored in that address is read and stored in the a
set in DAR.

In the example shown in table 11.11, when an SCIF transfer request is generated, the DMAC
the value in address H'00400000 set in SAR3. Since the value H'00450000 is stored in that
address, the DMAC reads the value H'00450000. Next, the DMAC uses that read value as a
address again, and reads the value H'55 stored in that address. Then, the DMAC writes the
H'55 to address H'04000156 set in DARS; this completes one indirect address transfer.

In the indirect address, when data is read first from the address set in SAR3, the data transfe
is always longword regardless of the settings of the TS0 and the TS1 bits that specify the tra
data size. However, whether the transfer source address is fixed, incremented, or decremen
specified according to the SMO and the SM1 bits. Therefore, in this example, though the trar
data size is specified as byte, the value in SAR3 is H'00400004 when one transfer ends. Wri
operation is the same as that in the normal dual address transfer.

11.6 Cautions

1. The DMA channel control registers (CHCRO-CHCR3) can be accessed in any data size.
DMA operation register (DMAOR) must be accessed in byte (eight bits) or word (16 bits);
other registers must be accessed in word (16 bits) or longword (32 bits).
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2. Before rewriting the RS0-RS3 bits of CHCRO-CHCR3, first clear the DE bit to 0 (when
rewriting CHCR with a byte address, be sure to set the DE bit to 0 in advance).

3. Even when the NMI interrupt is input when the DMAC is not operating, the NMIF bit of the
DMAOR will be set.

4. When entering the standby mode, the DME bit in DMAOR must be cleared to 0 and the
transfers accepted by the DMAC must end.

5. The on-chip peripherals which DMAC can access are IRDA, SCIF, A/D converter, D/A
converter, and 1/O ports. Do not access the other peripherals by DMAC.

6. When starting up the DMAC, set CHCR or DMAOR last. Specifying other registers last do
not guarantee normal operation.

7. Even if the maximum number of transfers is performed in the same channel after the
DMATCR count reaches 0 and the DMA transfer ends normally, write 0 to DMATCR.
Otherwise, normal DMA transfer may not be performed.

8. When using the address reload function, specify the burst mode as a transfer mode. In the
cycle-steal mode, normal DMA transfer may not be performed.

9. When using the address reload function, set the value multiple of four in DMATCR.
Specifying other values does not guarantee normal operation.

10. When detecting an external request at the falling edge, keep the external request pin high
setting the DMAC.

11. Do not access the space ranging from H'4000062 to H'400006F, which is not used in the
DMAC. Accessing that space may cause malfunctions.

12.In 16-byte transfer, set the SLPFRQ bit in the FRQCR in CPG to 0.
13.In DMA 16-byte transfer, transfer may not be performed correctly if the external wait functi
(WALIT pin) is used by the external device at the destination address.
a. Conditions
al. DMAC conditions

16-byte transfer with an external device that uses external waits (e.g. external I/O o
PCMCIA) selected as the transfer destination by a DMAC setting

a2. When the number of wait cycles including external waits (waits vi&/ 8" pin)
exceeds the number set in WCR2

a3. No BSC setting conditions
b. Preventive measures

Any of the following three methods can be used to prevent this problem.

bl. Do not use external waits in the destination space in 16-byte transfer.

b2. For condition al, change from 16-byte transfer to 8/16/32-bit transfer.

b3. For condition a2, this problem can be prevented even when using 16-byte transfer,
long as the external wait insertion timing and the external wait assertion time are fix
The way to prevent this problem when using external wait input is to insert at least
many software waits (waits inserted by means of a WCR2 setting) as external waits
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Section 12 Timer (TMU)

12.1  Overview

This LSI uses a three-channel (channel 0 to 2) 32-bit timer unit (TMU).

12.1.1 Features

The TMU has the following features:

Each channel is provided with an auto-reload 32-bit down counter

Channel 2 is provided with an input capture function

All channels are provided with 32-bit constant registers and 32-bit down counters that car
read or written to at any time

All channels generate interrupt requests when the 32-bit down counter underflows
(H'00000000- H'FFFFFFFF)

Allows selection between 6 counter input clocks: External clock (TCLK), on-chip RTC out
clock (16 kHz), /4, Rp/16, Ry/64, Ry/256. (B is the internal clock for peripheral modules.)
See section 9, On-Chip Oscillation Circuits, for more information on the clock pulse gener
All channels can operate when the SH7709A is in standby mode: When the RTC output c
is being used as the counter input clock, the SH7709A is still able to count in standby mo
Synchronized read: TCNT is a sequentially changing 32-bit register. Since the peripheral
module used has an internal bus width of 16 bits, a time lag can occur between the time \
the upper 16 bits and lower 16 bits are read. To correct the discrepancy in the counter re:
value caused by this time lag, a synchronization circuit is built into the TCNT so that the €
32-bit data in the TCNT can be read at once.

The maximum operating frequency of the 32-bit counter is 2 MHz on all channels: Operat
SH7709A so that the clock input to the timer counters of each channel (obtained by dividi
the external clock and internal clock with the prescaler) does not exceed the maximum
operating frequency.
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12.1.2

Block Diagram

Figure 12.1 shows a block diagram of the TMU.

Bus interface
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RTCCLK ——>{-1 1controller :
| |
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l Iy |
! '°| Counter I
| :' controller :
: X |
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TUNIO < ! | Interrupt |
! I | controller !
: L-—o————--- !
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I | a I
! R “ TCR1 |< D |
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Legend: ™MU
TOCR: Timer output control register TCNT: 32-bit timer counter
TSTR: Timer start register TCOR: 32-bit timer constant register
TCR: Timer control register TCPR2: 32-bit input capture register
Figure 12.1 TMU Block Diagram
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12.1.3  Pin Configuration
Table 12.1 shows the pin configuration of the TMU.

Table 12.1 Pin Configuration

Channel Pin I/0 Description

Clock input/clock output TCLK /O External clock input pin/input capture control input
pin/realtime clock (RTC) output pin

12.1.4  Register Configuration
Table 12.2 shows the TMU register configuration.

Table 12.2 TMU Register Configuration

Access
Channel Register Abbreviation R/W Initial Value* Address Size
Common Timer output control TOCR R/W  H'00 H'FFFFFE90 8
register
Timer start register TSTR R/W  H'00 H'FFFFFE92 8
0 Timer constant register 0 TCORO R/W H'FFFFFFFF H'FFFFFE94 32
Timer counter O TCNTO R/W  H'FFFFFFFF H'FFFFFE98 32
Timer control register 0  TCRO R/W  H'0000 H'FFFFFE9C 16
1 Timer constant register 1 TCOR1 R/W H'FFFFFFFF H'FFFFFEAQO 32
Timer counter 1 TCNT1 R/W  H'FFFFFFFF H'FFFFFEA4 32
Timer control register 1  TCR1 R/W  H'0000 H'FFFFFEA8 16
2 Timer constant register 2 TCOR2 R/W H'FFFFFFFF H'FFFFFEAC 32
Timer counter 2 TCNT2 R/W  H'FFFFFFFF H'FFFFFEBO 32
Timer control register 2 TCR2 R/W  H'0000 H'FFFFFEB4 16
Input capture register2  TCPR2 R Undefined H'FFFFFEB8 32
Note: Initialized by power-on resets or manual resets.
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12.2 TMU Registers

12.2.1  Timer Output Control Register (TOCR)

TOCR is an 8-bit read/write register that selects whether to use the external TCLK pin as an
external clock or an input capture control usage input pin, or an output pin for the on-chip RTC
output clock. TOCR is initialized to H'00 by a power-on reset or manual reset, but is not initiali
in standby mode.

Bit: 7 6 5 4 3 2 1 0
T B B e R = R B

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

Bits 7 to 2—Reserved:These bits are always read as 0. The write value should always be 0.

Bit 0—Timer Clock Pin Control (TCOE): Selects use of the timer clock pin (TCLK) as an
external clock output pin or input pin for input capture control for the on-chip timer, or as an
output pin for the on-chip RTC output clock. As the TCLK pin is multiplexed as the PTH7 pin,
when the TCLK pin is used, bits PH7MD1 and PH7MDO in the PHCR register should be set tc
("Other function" setting).

Bit 0: TCOE Description

0 Timer clock pin (TCLK) used as external clock input or input capture control
input pin for the on-chip timer (Initial value)

1 Timer clock pin (TCLK) used as output pin for on-chip RTC output clock

12.2.2  Timer Start Register (TSTR)

TSTR is an 8-bit read/write register that selects whether to run or halt the timer counters (TCN
for channels 82. TSTR is initialized to H'00 by a power-on reset or manual reset, but is not
initialized in standby mode when the input clock selected for the channel is the on-chip RTC c
(RTCCLK). It is initialized in standby mode, changing the multiplying ratio of PLL circuit 1 or
MSTP2 bit in STBCR is set to a logic one only when an external clock (TCLK) or the peripher:
clock (Rp) is used as the input clock.

Bitt 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ — \ STR2 \ STR1 \ STRO \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R RW  RW  RW
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Bits 7 to 3—Reserved:These bits are always read 0. The write value should always be 0.

Bit 2—Counter Start 2 (STR2): Selects whether to run or halt timer counter 2 (TCNT2).

Bit 2: STR2 Description
0 Halt TCNT2 count (Initial value)
1 Start TCNT2 counting

Bit 1—Counter Start 1 (STR1): Selects whether to run or halt timer counter 1 (TCNT1).

Bit 1: STR1 Description
0 Halt TCNT1 count (Initial value)
1 Start TCNT1 counting

Bit 0—Counter Start 0 (STRO): Selects whether to run or halt timer counter 0 (TCNTO).

Bit 0: STRO Description
0 Halt TCNTO count (Initial value)
1 Start TCNTO counting

12.2.3  Timer Control Register (TCR)

The timer control registers (TCR) control the timer counters (TCNT) and interrupts. The TMU

three TCR registers for each channel.

The TCR registers are 16-bit read/write registers that control the issuance of interrupts when

flag indicating timer counter (TCNT) underflow has been set to 1, and also carry out counter

selection. When the external clock has been selected, they also select its edge. Additionally,
controls the channel 2 input capture function and the issuance of interrupts during input capt
The TCRs are initialized to H'0000 by a power-on reset and manual reset. They are not initia

in standby mode.
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Channel 0 and 1 TCR Bit Configuration:

Bitt 15 14 13 12 11 10 9 8
== = = =] = = |

Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R RIW

Bitt 7 6 5 4 3 2 1 0
\ — \ — \ UNIE ‘CKEGl‘CKEGO‘ TPSC2 \ TPSCl‘ TPSCO‘

Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

Channel 2 TCR Bit Configuration:

Bitt 15 14 13 12 11 10 9 8
- = = = =] — | cPF| uNF |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R RW  RW
Bitt 7 6 5 4 3 2 1 0
\ ICPE1 \ ICPEO \ UNIE \ CKEGl‘ CKEGO‘ TPSC2 \ TPSCl‘ TPSCO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 10, 9 (except TCR2), 7, and 6 (except TCR2Reserved:These bits are always read
as 0. The write value should always be 0.

Bit 9—Input Capture Interrupt Flag (ICPF): A function of channel 2 only: the flag is set when
input capture is requested via the TCLK pin.

Bit 9: ICPF Description
0 No input capture request has been issued.

Clearing condition: When 0 is written to ICPF (Initial value)
1 Input capture has been requested via the TCLK pin.

Setting condition: When an input capture is requested via the TCLK pin*

Note: * Contents do not change when 1 is written to ICPF.
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Bit 8—Underflow Flag (UNF): Status flag that indicates occurrence of a TCNT underflow.

Bit 8: UNF Description
0 TCNT has not underflowed.

Clearing condition: When 0 is written to UNF (Initial value)
1 TCNT has underflowed (H'00000000 - H'FFFFFFFF).

Setting condition: When TCNT underflows*
Note: * Contents do not change when 1 is written to UNF.

Bits 7 and 6—Input Capture Control (ICPE1, ICPEOQ): A function of channel 2 only:
determines whether the input capture function can be used, and when used, whether or not
enable interrupts.

When using this input capture function it is necessary to set the TCLK pin to input mode with
TCOE bit in the TOCR register. Additionally, use the CKEG bit to designate use of either the
rising or falling edge of the TCLK pin to set the value in TCNT2 in the input capture register
(TCPR2).

Bit 7: ICPE1 Bit 6: ICPEO Description

0 0 Input capture function is not used. (Initial value)
1 Reserved (Setting disabled)
1 0 Input capture function is used. Interrupt due to ICPF (TICPI2)
are not enabled.
1 Input capture function is used. Interrupt due to ICPF (TICPI2)
are enabled.

Bit 5—Underflow Interrupt Control (UNIE): Controls enabling of interrupt generation when
the status flag (UNF) indicating TCNT underflow has been set to 1.

Bit 5: UNIE Description
0 Interrupt due to UNF (TUNI) is not enabled. (Initial value)
1 Interrupt due to UNF (TUNI) is enabled.
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Bits 4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO)These bhits select the external clock edge
when the external clock is selected, or when the input capture function is used.

Bit 4: CKEG1 Bit 3: CKEGO Description

0 0 Count/capture register set on rising edge (Initial value)
1 Count/capture register set on falling edge
1 X Count/capture register set on both rising and falling edge

Note: X means 0, 1, or ‘don’t care’.

Bits 2 to 0—Timer Prescalers 2 to 0 (TPSC2 to TPSCUOJhese bits select the TCNT count
clock.

Bit 2: TPSC2 Bit1: TPSC1 Bit0: TPSCO Description

0 0 0 Internal clock: count on P@/4 (Initial value)
1 Internal clock: count on P@/16
1 0 Internal clock: count on P@/64
1 Internal clock: count on P@/256
1 0 0 Internal clock: count on clock output of on-chip
RTC (RTCCLK)
1 External clock: count on TCLK pin input
1 0 Reserved (Setting disabled)
1 Reserved (Setting disabled)

12.2.4  Timer Constant Register (TCOR)

The timer constant registers are 32-bit registers. The TMU has three TCOR registers, one for
of the three channels.

TCOR is a 32-bit read/write register. When a TCNT count-down results in an underflow, the
TCOR value is set in TCNT and the count-down continues from that value. TCOR is initializec
H'FFFFFFFF by a power-on reset or manual reset; it is not initialized in standby mode, and re
its contents.
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Bit: 31 30 29 28 27 26 25 24

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

12.2.5 Timer Counters (TCNT)

The timer counters are 32-bit read/write registers. The TMU has three timer counters, one fo
channel.

TCNT counts down upon input of a clock. The clock input is selected using the FPBS20
bits in the timer control register (TCR).

When a TCNT count-down results in an underflow (H'00000008'FFFFFFFF), the underflow
flag (UNF) in the timer control register (TCR) of the relevant channel is set. The TCOR value
simultaneously set in TCNT itself and the count-down continues from that value.

Because the internal bus for the SH7709A on-chip supporting modules is 16 bits wide, a time
can occur between the time when the upper 16 bits and lower 16 bits are read. Since TCNT
sequentially, this time lag can create discrepancies between the data in the upper and lower
To correct the discrepancy, a buffer register is connected to TCNT so that upper and lower h
are not read separately. The entire 32-bit data in TCNT can thus be read at once.

TCNT is initialized to H'FFFFFFFF by a power-on reset or manual reset; it is not initialized in
standby mode, and retains its contents.
421
HITACHI



Bit: 31 30 29 28 27 26 25 24

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 15 14 13 12 11 10 9 8

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

12.2.6  Input Capture Register (TCPR2)

The input capture register (TCPR?2) is a read-only 32-bit register built only into timer 2. Contro
TCPR2 setting conditions due to the TCLK pin is affected by the input capture function bits
(ICPEL/ICPE2 and CKEG1/CKEGO) in TCR2. When a TCPR2 setting indication due to the
TCLK pin occurs, the value of TCNT2 is copied into TCPR2.

TCNT2 is not initialized by a power-on reset or manual reset, or in standby mode.
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Bit: 31 30 29 28 27 26 25 24

Initial value: — — — — — — — —
R/W: R R R R R R R R
Bit: 23 22 21 20 19 18 17 16

| ] ] | ] |
Initial value: — — — — — — — _
R/W: R R R R R R R R
Bit: 15 14 13 12 11 10 9 8

| L L | L |
Initial value: — — — — — — — _
R/W: R R R R R R R R
Bit: 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value: — — — — — — — _
R/W: R R R R R R R R

12.3  TMU Operation

12.3.1 Overview

Each of three channels has a 32-bit timer counter (TCNT) and a 32-bit timer constant registe
(TCOR). The TCNT counts down. The auto-reload function enables synchronized counting a
counting by external events. Channel 2 has an input capture function.

12.3.2 Basic Functions

Counter Operation: When the STROSTR?2 bits in the timer start register (TSTR) are set, the
corresponding timer counter (TCNT) starts counting. When a TCNT underflows, the UNF flag
the corresponding timer control register (TCR) is set. At this time, if the UNIE bit in TCR is 1,
interrupt request is sent to the CPU. Also at this time, the value is copied from TCOR to TCN
and the down-count operation is continued.
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The count operation is set as follows (figure 12.2):

1.

Select the counter clock with the TPSTPSCO bits in the timer control register (TCR). If the
external clock is selected, set the TCLK pin to input mode with the TOCE bit in TOCR, and
select its edge with the CKEG1 and CKEGO bits in TCR.

Use the UNIE bit in TCR to set whether to generate an interrupt when TCNT underflows.

. When using the input capture function, set the ICPE bits in TCR, including the choice of

whether or not to use the interrupt function (channel 2 only).

Set a value in the timer constant register (TCOR) (the cycle is the set value plus 1).
Set the initial value in the timer counter (TCNT).

Set the STR bit in the timer start register (TSTR) to 1 to start operation.

Note: When an interrupt has been generated, clear the flag in the interrupt handler that caused it.

C Select operation >

v

Select counter
clock

!

Set underflow

interrupt generation | (2)
e e When using input
y capture function

@

Set mter_rupt 3)
generation

v
Set timer constant 4
register @

v

Initialize timer

counter ®)
Start counting (6)

If interrupts are enabled without clearing the flag, another interrupt will be generated.

Figure 12.2 Setting the Count Operation

Auto-Reload Count Operation: Figure 12.3 shows the TCNT auto-reload operation.
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TCOR value set to
/ TCNT during underflow

TCNT value
A
TCOR

Time

H'00000000

STRO-STR2

—

Figure 12.3 Auto-Reload Count Operation

TCNT Count Timing:

¢ Internal Clock Operation: Set the TPSOPSCO bits in TCR to select whether peripheral
module clock B or one of the four internal clocks created by dividing it is use(FRp/16,
P@/64, Ry256). Figure 12.4 shows the timing.

& Sﬂmﬁﬁmﬁm

Internal |
clock —hﬁg
TCNT \,—\—

input clock ))

TS G M W

Figure 12.4 Count Timing when Internal Clock Is Operating
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» External Clock Operation: Set the TPSTPSCO bits in TCR to select the external clock
(TCLK) as the timer clock. Use the CKEG1 and CKEGO bits in TCR to select the detection
edge. Rise, fall or both may be selected. The pulse width of the external clock must be at I
1.5 peripheral module clock cycles for single edges or 2.5 peripheral module clock cycles 1
both edges. A shorter pulse width will result in accurate operation. Figure 12.5 shows the
timing for both-edge detection.

o L LT L L L LT
clock ingm —| \ SS |\ SS |_
inputTcCI:ol\gIE —,—l SS ,—l SS

TCNT N+l X % N X N-1 )

Figure 12.5 Count Timing when External Clock is Operating (Both Edges Detected)

e On-Chip RTC Clock Operation: Set the TPSTRPSCO bits in TCR to select the on-chip RTC
clock as the timer clock. Figure 12.6 shows the timing.

RTC output
clock I—
TCNT input 4,—l—\ ’J—\ ’L
clock

TCNT N+1 X N X N-1 X

Figure 12.6 Count Timing when On-Chip RTC Clock Is Operating

Input Capture Function: Channel 2 has an input capture function (figure 12.7). When using th
input capture function, set the TCLK pin to input mode with the TCOE bit in the timer output
control register (TOCR) and set the timer operation clock to internal clock or on-chip RTC cloc
with the TPCS2TPCSO bits in the timer control register (TCR2). Also, designate use of the ing
capture function and whether to generate interrupts on using it with the-HFREEHRO bits in

TCRZ2, and designate the use of either the rising or falling edge of the TCLK pin to set the time
counter (TCNT2) value into the input capture register (TCPR2) with the CKEG1-CKEGO bits |
TCR2.

The input capture function cannot be used in standby mode.
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TCNT value TCOR value set to
/ TCNT during underflow

TCOR [[~777———

H'00000000 ILLL'—‘
TCLK |_|

TCPR2 X Set TCNT value

ICPI ? )
(

Time

Figure 12.7 Operation Timing when Using the Input Capture Function
(Using TCLK Rising Edge)

12.4  Interrupts

There are two sources of TMU interrupts: underflow interrupts (TUNI) and interrupts when us
the input capture function (TICPI2).

12.4.1 Status Flag Set Timing

UNF is set to 1 when the TCNT underflows. Figure 12.8 shows the timing.

o [ LI L LT LT LT

TCNT X H00000000 SS >< TCOR value
((
Underfl
" eignal ) |

UNF |

TUNI |

Figure 12.8 UNF Set Timing
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12.4.2  Status Flag Clear Timing

The status flag can be cleared by writing 0 from the CPU. Figure 12.9 shows the timing.

TCR write cycle
T1 T2 T3

o [ L L L LT

Peripheral address bus >< TCR address

UNF

Figure 12.9 Status Flag Clear Timing

12.4.3 Interrupt Sources and Priorities

The TMU produces underflow interrupts for each channel. When the interrupt request flag anc
interrupt enable bit are both set to 1, the interrupt is requested. Codes are set in the exceptior
register (INTEVT, INTEVT?2) for these interrupts and interrupt processing occurs according to
codes.

The relative priorities of channels can be changed using the interrupt controller (see section 4
Exception Processing, and section 6, Interrupt Controller (INTC)). Table 12.3 lists TMU interrt
sources.

Table 12.3 TMU Interrupt Sources

Channel Interrupt Source Description Priority
0 TUNIO Underflow interrupt O High
1 TUNI1 Underflow interrupt 1

2 TUNI2 Underflow interrupt 2 l
2 TICPI2 Input capture interrupt 2 Low
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12.5 Usage Notes

12.5.1  Writing to Registers

Synchronization processing is not performed for timer counting during register writes. When
writing to registers, always clear the appropriate start bits for the channel{STRQ) in the
timer start register (TSTR) to halt timer counting.

12.5.2 Reading Registers

Synchronization processing is performed for timer counting during register reads. When time
counting and register read processing are performed simultaneously, the register value befol
TCNT counting down (with synchronization processing) is read.
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Section 13 Realtime Clock (RTC)

13.1  Overview

This LSI has a realtime clock (RTC) with its own 32.768-kHz crystal oscillator.

13.1.1 Features

¢ Clock and calendar functions (BCD display): seconds, minutes, hours, date, day of the we
month, and year

¢ 1-Hz to 64-Hz timer (binary display)
e Start/stop function
¢ 30-second adjust function

e Alarm interrupt: frame comparison of seconds, minutes, hours, date, day of the week, anc
month can be used as conditions for the alarm interrupt

¢ Cyclic interrupts: the interrupt cycle may be 1/256 second, 1/64 second, 1/16 second, 1/4
second, 1/2 second, 1 second, or 2 seconds
e Carry interrupt: a carry interrupt indicates when a carry occurs during a counter read

e Automatic leap year correction

13.1.2 Block Diagram

A block diagram of the RTC is shown in figure 13.1.
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Externally

connected
circuit | 30- |
EXTAL2 | second |
3_| |_I__|z’_:_> ) Reset ADJ :
= | Oscillator 128 Hz |
' circuit 1l ___|__ |
Xt E — |
XTAL2 | - 'l Bus »
: 32.768 kHz [T ROACHT : interface 2
| 4 - RSECCNT | | LB
| | | c
! Pre§caler ' | RMINCNT ! Ll e
| (+2) : | | £
I 16.384 kHz | | RHRCNT S l
RTCCLK +————¢ | | RWKCNT | | l
! A4 | ! :
i Prescaler | RDAYCNT i !
! (+128) ! | RMONCNT ! !
! i RYRCNT | ! |
i L __ ) |
| _ |
| hal |
I |
ATl <—— Interrupt | Comparator :
| control o |
PRl «—— Circut — | ____ (Y ___ 2 |
| P ] | % |
| ) i RSECAR | | |3 i
|
! || RMINAR | I [= !
| | |
Carry |4 I | RHRAR ' .
I «
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! circuit > : RWKAR I :
|
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| i RMONAR | ! i
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| |
| |
| RCRL K |
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| |
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Legend: e RTC-'
R64CNT: 64-Hz counter RSECAR: Second alarm register
RSECCNT: Second counter RHRAR: Minute alarm register
RMINCNT: Minute counter RMINAR: Hour alarm register
RHRCNT: Hour counter RWKAR: Day of the week alarm register
RWKCNT: Day of the week counter RDAYAR: Date alarm register
RDAYCNT: Date counter RMONAR: Month alarm register
RMONCNT: Month counter RCR1: RTC control register 1
RYRCNT: Year counter RCR2: RTC control register 2
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13.1.3  Pin Configuration
Table 13.1 shows the RTC pin configuration.

Table 13.1 RTC Pin Configuration

Pin Abbreviation 1/0 Description

RTC oscillator crystal pin EXTAL2 | Connects crystal to RTC oscillator
RTC oscillator crystal pin XTAL2 O  Connects crystal to RTC oscillator
Clock input/clock output TCLK I/0  External clock input pin/input capture

control input pin/realtime clock (RTC)
output pin (shared by TMU)

Dedicated power-supply pin for RTC V .-RTC — Dedicated power-supply pin for RTC*

Dedicated GND pin for RTC V-RTC —  Dedicated GND pin for RTC*

Note: Power must be supplied to the RTC power supply pins even when the RTC is not used.
Even if only the RTC is used, power must be supplied to all power supply pins, including
these pins.

In standby mode, also, power must be supplied to all power supply pins, including these
pins.
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13.1.4

RTC Register Configuration

Table 13.2 shows the RTC register configuration.

Table 13.2 RTC Registers

Name Abbreviation R/W Initial Value  Address Access Size
64-Hz counter R64CNT R Undefined H'FFFFFECO 8
Second counter RSECCNT R/W  Undefined HFFFFFEC2 8
Minute counter RMINCNT R/W  Undefined H'FFFFFEC4 8
Hour counter RHRCNT R/W  Undefined H'FFFFFEC6 8
Day of week counter RWKCNT R/W  Undefined H'FFFFFEC8 8
Date counter RDAYCNT R/W  Undefined H'FFFFFECA 8
Month counter RMONCNT R/W  Undefined H'FFFFFECC 8
Year counter RYRCNT R/W  Undefined H'FFFFFECE 8
Second alarm register RSECAR R/W  Undefined* H'FFFFFEDO 8
Minute alarm register RMINAR R/W  Undefined* H'FFFFFED2 8
Hour alarm register RHRAR R/W  Undefined* H'FFFFFED4 8
Day of week alarm register RWKAR R/W  Undefined* H'FFFFFED6 8
Date alarm register RDAYAR R/W  Undefined* H'FFFFFED8 8
Month alarm register RMONAR R/W  Undefined* H'FFFFFEDA 8
RTC control register 1 RCR1 R/W  H'00 H'FFFFFEDC 8
RTC control register 2 RCR2 R/W  H09 H'FFFFFEDE 8

Note: * Only the ENB bits of each register are initialized.
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13.2 RTC Registers

13.2.1  64-Hz Counter (R64CNT)

The 64-Hz counter (R64CNT) is an 8-bit read-only register that indicates the state of the RT(
divider circuit between 64 Hz and 1 Hz.

R64CNT is reset to H'00 by setting the RESET bit in RTC control register 2 (RCR2) or the Al
bit in RCR2 to 1.

R64CNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit 7 always reads 0.

Bitt 7 6 5 4 3 2 1 0

| — | 1Mz | 2Hz | 4Hz | 8Hz | 16Hz | 32Hz | 64Hz |
Initial value: 0 — — — — — — —
RW: R R R R R R R R

13.2.2 Second Counter (RSECCNT)

The second counter (RSECCNT) is an 8-bit read/write register used for setting/counting in th
BCD-coded second section of the RTC. The count operation is performed by a carry for eacl
second of the 64z counter.

The range that can be set is-80 (decimal). Errant operation will result if any other value is set
Carry out write processing after halting the count operation with the START bit in RCR2.

RSECCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ 10 seconds 1 second
Initial value: 0 — — — — — — —
R/W: R R/W R/W R/W R/W R/W R/W R/W
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13.2.3  Minute Counter (RMINCNT)

The minute counter (RMINCNT) is an 8-bit read/write register used for setting/counting in the
BCD-coded minute section of the RTC. The count operation is performed by a carry for each
minute of the second counter.

The range that can be set is 00-59 (decimal). Errant operation will result if any other value is !
Carry out write processing after halting the count operation with the START bit in RCR2.

RMINCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ 10 minutes 1 minute
Initial value: 0 — — — — — — —
R/W: R R/W R/W R/W R/W R/W R/W R/W

13.2.4  Hour Counter (RHRCNT)

The hour counter (RHRCNT) is an 8-bit read/write register used for setting/counting in the BC
coded hour section of the RTC. The count operation is performed by a carry for each 1 hour ¢
minute counter.

The range that can be set is-@8 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RHRCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ 10 hours 1 hour
Initial value: 0 0 — — — — — —
R/W: R R R/W R/W R/W R/W R/W R/W
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13.2.5 Day of the Week Counter (RWKCNT)

The day of the week counter (RWKCNT) is an 8-bit read/write register used for setting/count
in the BCD-coded day of week section of the RTC. The count operation is performed by a ca
for each day of the date counter.

The range that can be set is5Q(decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RWKCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ Day of week
Initial value: 0 0 0 0 0 — — —
R/W: R R R R R R/W R/W R/W

Days of the week are coded as shown in table 13.3.
Table 13.3 Day-of-Week Codes (RWKCNT)

Day of Week Code

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

O |~ W N |O

Saturday
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13.2.6  Date Counter (RDAYCNT)

The date counter (RDAYCNT) is an 8-bit read/write register used for setting/counting in the B¢
coded date section of the RTC. The count operation is performed by a carry for each day of tt
hour counter.

The range that can be set is-81 (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RDAYCNT is not initialized by a power-on reset or manual reset, or in standby mode.

The RDAYCNT range that can be set changes with each month and in leap years. Please cor
the correct setting.

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ 10 days 1 day
Initial value: 0 0 — — — — — —
R/W: R R R/W R/W R/W R/W R/W R/W

13.2.7  Month Counter (RMONCNT)

The month counter (RMONCNT) is an 8-bit read/write register used for setting/counting in the
BCD-coded month section of the RTC. The count operation is performed by a carry for each
month of the date counter.

The range that can be set is-@@ (decimal). Errant operation will result if any other value is set.
Carry out write processing after halting the count operation with the START bit in RCR2.

RMONCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
— — — 10 1 month
months
Initial value: 0 0 0 — — — — _
R/W: R R R R/W R/W R/W R/W R/W
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13.2.8  Year Counter (RYRCNT)

The year counter (RYRCNT) is an 8-bit read/write register used for setting/counting in the B(
coded year section of the RTC. The least significant 2 digits of the western calendar year are
displayed. The count operation is performed by a carry for each year of the month counter.

The range that can be set is-00 (decimal). Errant operation will result if any other value is set
Carry out write processing after halting the count operation with the START bit in RCR2 or u:
a carry flag as shown in figure 13.2.

RYRCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Leap years are recognized by dividing the year counter value by 4 and obtaining a fractional
of 0.

Bit: 7 6 5 4 3 2 1 0
10 years 1 year

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

13.2.9 Second Alarm Register (RSECAR)

The second alarm register (RSECAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded second section counter RSECCNT of the RTC. When the
bit is set to 1, a comparison with the RSECCNT value is performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC alarm interrupt is generated.

The range that can be set is-80 (decimal) + ENB bit. Errant operation will result if any other
value is set.

The ENB bit in RSECAR is initialized to 0 by a power-on reset. The remaining RSECAR fielc
are not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ 10 seconds 1 second
Initial value: 0 — — — — — _ _

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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13.2.10 Minute Alarm Register (RMINAR)

The minute alarm register (RMINAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded minute section counter RMINCNT of the RTC. When the EN
bit is set to 1, a comparison with the RMINCNT value is performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC alarm interrupt is generated.

The range that can be set is-80 (decimal) + ENB bit. Errant operation will result if any other
value is set.

The ENB bit in RMINAR is initialized by a power-on reset. The remaining RMINAR fields are
not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ 10 minutes 1 minute
Initial value: 0 — — — — — _ _

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

13.2.11 Hour Alarm Register (RHRAR)

The hour alarm register (RHRAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded hour section counter RHRCNT of the RTC. When the ENB |
set to 1, a comparison with the RHRCNT value is performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC alarm interrupt is generated.

The range that can be set is-28 (decimal) + ENB bit. Errant operation will result if any other
value is set.

The ENB bit in RHRAR is initialized by a power-on reset. The remaining RHRAR fields are no
initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ — ‘ 10 hours 1 hour
Initial value: 0 0 — — — — — —
R/W: R/W R R/W R/W R/W R/W R/W R/W
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13.2.12 Day of the Week Alarm Register (RWKAR)

The day of the week alarm register (RWKAR) is an 8-bit read/write register, and an alarm re
corresponding to the BCD-coded day of week section counter RWKCNT of the RTC. When t
ENB bit is set to 1, a comparison with the RWKCNT value is performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAYAR/RMONAR registers, the counter and alarm
register comparison is performed only on those with ENB bits set to 1, and if each of those
coincide, an RTC alarm interrupt is generated.

The range that can be set is5Qdecimal) + ENB bit. Errant operation will result if any other
value is set.

The ENB bit in RWKAR is initialized by a power-on reset. The remaining RWKAR fields are 1
initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ ENB ‘ — ‘ — ‘ — ‘ — ‘ Day of week
Initial value: 0 0 0 0 0 — — —
R/W: R/W R R R R R/W R/W R/W

Days of the week are coded as shown in table 13.4.
Table 13.4 Day-of-Week Codes (RWKAR)

Day of Week Code
Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

O 0|~ WIN| L |O

Saturday

441
HITACHI



13.2.13 Date Alarm Register (RDAYAR)

The date alarm register (RDAYAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded date section counter RDAYCNT of the RTC. When the ENB
is set to 1, a comparison with the RDAYCNT value is performed. From among the registers
RSECAR, RMINAR, RHRAR, RWKAR, RDAYAR, RMONAR, the counter and alarm register
comparison is performed only on those with ENB bits set to 1, and if each of those coincide, &
RTC alarm interrupt is generated.

The range that can be set is-81 (decimal) + ENB bit. Errant operation will result if any other
value is set. The RDAYCNT range that can be set changes with some months and in leap yes
Please confirm the correct setting.

The ENB bit in RDAYAR is initialized by a power-on reset. The remaining RDAYAR fields are
not initialized by a power-on reset or manual reset, or in standby mode.

Bit 7 6 5 4 3 2 1 0
| ENB | — | 10days 1 day
Initial value: 0 0 — — — — — _
RW: RW R RW RW RW RW RW RW

13.2.14 Month Alarm Register (RMONAR)

The month alarm register (RMONAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded month section counter RMONCNT of the RTC. When the EI
bit is set to 1, a comparison with the RMONCNT value is performed. From among the register
RSECAR, RMINAR, RHRAR, RWKAR, RDAYAR, RMONAR, the counter and alarm register
comparison is performed only on those with ENB bits set to 1, and if each of those coincide, &
RTC alarm interrupt is generated.

The range that can be set is-02 (decimal) + ENB bit. Errant operation will result if any other
value is set.

The ENB bit in RMONAR is initialized by a power-on reset. The remaining RMONAR fields ar
not initialized by a power-on reset or manual reset, or in standby mode.

Bit: 7 6 5 4 3 2 1 0
ENB — — 10 1 month
months
Initial value: 0 0 0 — — — — —
R/W: R/W R R R/W R/W R/W R/W R/W
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13.2.15 RTC Control Register 1 (RCR1)

The RTC control register 1 (RCR1) is an 8-bit read/write register that affects carry flags and
flags. It also selects whether to generate interrupts for each flag. Because flags are sometim
after an operand read, do not use this register in read-modify-write processing.

RCRL1 is initialized to H'00 by a power-on reset. In a manual reset, all bits are initialized to 0
except for the CF flag, which is undefined. When using the CF flag, it must be initialized
beforehand. This register is not initialized in standby mode.

Bitt 7 6 5 4 3 2 1 0
\ CF \ — \ — \ CIE \ AIE \ — \ — \ AF \
Initial value: 0 0 0 0 0 0 0 0
RIW:  RIW R R RW  RW R R RIW

Bit 7—Carry Flag (CF): Status flag that indicates that a carry has occurred. CF is set to 1 wh
count-up to R64CNT or RSECCNT occurs. A count register value read at this time cannot be
guaranteed; another read is required.

Bit 7: CF Description
0 No count up of R64CNT or RSECCNT.

Clearing condition: When 0 is written to CF (Initial value)
1 Count up of R64CNT or RSECCNT.

Setting condition: When 1 is written to CF

Bits 6, 5, 2, and +-Reserved:These bits are always read as 0. The write value should always
0.

Bit 4—Carry Interrupt Enable Flag (CIE): When the carry flag (CF) is set to 1, the CIE bit
enables interrupts.

Bit 4: CIE Description
0 A carry interrupt is not generated when the CF flag is setto 1 (Initial value)
1 A carry interrupt is generated when the CF flag is setto 1
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Bit 3—Alarm Interrupt Enable Flag (AIE): When the alarm flag (AF) is set to 1, the AIE bit
allows interrupts.

Bit 3: AIE Description
0 An alarm interrupt is not generated when the AF flag is setto 1

(Initial value)
1 An alarm interrupt is generated when the AF flag is setto 1

Bit 0—Alarm Flag (AF): The AF flag is set to 1 when the alarm time set in an alarm register
(only registers with ENB bit set to 1) matches the clock and calendar time. This flag is clearec
0 when 0 is written, but holds the previous value when 1 is to be written.

Bit 0: AF Description

0 Clock/calendar and alarm register have not matched since last reset to 0.
Clearing condition: When 0 is written to AF (Initial value)

1 Setting condition: Clock/calendar and alarm register have matched (only

registers with ENB set)*

Note: * Contents do not change when 1 is written to AF.

13.2.16 RTC Control Register 2 (RCR2)

The RTC control register 2 (RCR2) is an 8-bit read/write register for periodic interrupt control,
second adjustment ADJ, divider circuit RESET, and RTC count start/stop control. It is initialize
to H'09 by a power-on reset. It is initialized except for RTCEN and START by a manual reset.
not initialized in standby mode, and retains its contents.

Bitt 7 6 5 4 3 2 1 0
\ PEF \ PES2 \ PES1 \ PESO ‘RTCEN‘ ADJ \ RESET‘ START‘
Initial value: 0 0 0 0 1 0 0 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7—Periodic Interrupt Flag (PEF): Indicates interrupt generation with the period designated
by the PES bits. When set to 1, PEF generates periodic interrupts.

Bit 7: PEF Description
0 Interrupts not generated with the period designated by the PES bits.

Clearing condition: When 0 is written to PEF (Initial value)
1 Interrupts generated with the period designated by the PES bits.

Setting condition: When 1 is written to PEF
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Bits 6 to 4—Periodic Interrupt Flags (PES2 to PESO)These bits specify the periodic interrupt.

Bit 6: PES2 Bit 5: PES1 Bit4: PESO Description

0 0 0 No periodic interrupts generated (Initial value)
1 Periodic interrupt generated every 1/256 second
1 0 Periodic interrupt generated every 1/64 second
1 Periodic interrupt generated every 1/16 second
1 0 0 Periodic interrupt generated every 1/4 second
1 Periodic interrupt generated every 1/2 second
1 0 Periodic interrupt generated every 1 second
1 Periodic interrupt generated every 2 seconds

Bit 3—RTCEN: Controls the operation of the crystal oscillator for the RTC.

Bit 3: RTCEN Description
0 Halts the crystal oscillator for the RTC.
1 Runs the crystal oscillator for the RTC. (Initial value)

Bit 2—30 Second Adjustment (ADJ):When 1 is written to the ADJ bit, times of 29 seconds or
less will be rounded to 00 seconds and 30 seconds or more to 1 minute. The divider circuit w
simultaneously reset. This bit always reads O.

Bit 2: ADJ Description
0 Runs normally. (Initial value)
1 (write) 30-second adjustment.

Bit 1—Reset (RESET):When 1 is written, initializes the divider circuit (RTC prescaler and
R64CNT). This bit always reads 0.

Bit 1: RESET Description
0 Runs normally. (Initial value)
1 (Write) Divider circuit is reset.
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Bit 0—Start Bit (START): Halts and restarts the counter (clock).

Bit 0: START Description
0 Second/minute/hour/day/week/month/year counter halts.
1 Second/minute/hour/day/week/month/year counter runs normally.

(Initial value)

Note: The 64-Hz counter always runs unless stopped with the RTCEN bit.

13.3 RTC Operation

13.3.1 Initial Settings of Registers after Power-On

All the registers should be set after the power is turned on.

13.3.2  Setting the Time

Figure 13.2 shows how to set the time when the clock is stopped. This works when the entire
calendar or clock is to be set.

To reset the divider circuit (RTC prescaler
and R64CNT) and set the counter

Stop clock, Write 1 to RESET and 0 to
reset divider circuit | START in the RCR2 register

Set seconds, minutes,
hour, day, day of the | Order is irrelevant
week, month and year

Write 1 to START in the
Start clock RCR2 register

v

Figure 13.2 Setting the Time
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13.3.3 Reading the Time

Figure 13.3 shows how to read the time. If a carry occurs while reading the time, the correct
will not be obtained, so it must be read again. Part (a) in figure 13.3 shows the method of ree
the time without using interrupts; part (b) in figure 13.3 shows the method using carry interru,
To keep programming simple, method (a) should normally be used.

a. To read the time

without using interrupts
I
Disable the carry
interrupt

Write 0 to CIE in RCR1

Clear the carry flag | Note: Set AF to 1 so that alarm
I flag is not cleared.

Read counter
register

Yes
Read RCR1 and check CF

Carry flag = 1?

b. To use interrupts

»
>

Write 1 to CIE in RCR1,
interrupt and write 0 to CF in RCR1
Clear the carry flag Note: Set AF in RCR1 to 1 so that
I alarm flag is not cleared.

Enable the carry

Read counter
register

Yes Interrupt

generated?

Disable the carry

interrupt Write 0 to CIE in RCR1

Figure 13.3 Reading the Time
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13.3.4  Alarm Function

Figure 13.4 shows how to use the alarm function.

Alarms can be generated using seconds, minutes, hours, day of the week, date, month, or an
combination of these. Set the ENB bit (bit 7) in the register on which the alarm is placed to 1,
then set the alarm time in the lower bits. Clear the ENB bit in the register on which the alarm i

placed to 0.

When the clock and alarm times match, 1 is set in the AF bit (bit 0) in RCR1. Alarm detection
be checked by reading this bit, but normally it is done by interrupt. If 1 is placed in the AIE bit

3) in RCR1, an interrupt is generated when an alarm occurs.

Clock running

Set whether to use
alarm interrupt

Set alarm time

Clear alarm flag

Monitor alarm time
(wait for interrupt or
check alarm flag)

When using interrupts, the interrupt
enable bit (bit 3 of RCR1) is 1

Always set, since the flag may have been
set while the alarm time was being set.
Write O to bit 0 of RCR1 to clear it.

Figure 13.4 Using the Alarm Function
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13.3.5 Crystal Oscillator Circuit

Crystal oscillator circuit constants (recommended values) are shown in table 13.5, and the R
crystal oscillator circuit in figure 13.5.

Table 13.5 Recommended Oscillator Circuit Constants (Recommended Values)

fosc Cin Cout
32.768 kHz 10 to 22 pF 10 to 22 pF
A
SH7709A Ry

R
ﬁ EXTAL2 XTAL2
LLLL L LS QUL LLLL L IV 44444

| |XTAL
L]

Cin Cout

”

Notes: 1. Select either the C;, or C,; side for frequency adjustment variable capacitor
according to requirements such as frequency range, degree of stability, etc.

2. Built-in resistance value R; (Typ value) = 10 MQ, Rp (Typ value) = 400 kQ

3. Cj, and C,; values include floating capacitance due to the wiring. Take care
when using a ground plane.

4. The crystal oscillation settling time depends on the mounted circuit constants,
floating capacitance, etc., and should be decided after consultation with the
crystal resonator manufacturer.

5. Place the crystal resonator and load capacitors Cj, and C,; as close as possible
to the chip.

(Correct oscillation may not be possible if there is externally induced noise in the
EXTAL2 and XTAL2 pins.)

6. Ensure that the crystal resonator connection pin (EXTAL2, XTAL2) wiring is
routed as far away as possible from other power lines (except GND) and signal
lines.

Figure 13.5 Example of Crystal Oscillator Circuit Connection
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13.4 Usage Notes

13.4.1 Register Writing during RTC Count
The following RTC registers cannot be written to during an RTC count (while bit 0 = 1 in RCR:
RSECCNT, RMINCNT, RHRCNT, RDAYCNT, RWKCNT, RMONCNT, RYRCNT

The RTC count must be halted before writing to any of the above registers.

13.4.2 Use of Realtime Clock (RTC) Periodic Interrupts
The method of using the periodic interrupt function is shown in figure 13.6.

A periodic interrupt can be generated periodically at the interval set by the periodic interrupt
enable flag (PES) in RTC control register 2 (RCR2). When the time set by the periodic interru
enable flag (PES) has elapsed, the periodic interrupt flag (PEF) is set to 1.

The periodic interrupt flag (PEF) is cleared to 0 upon periodic interrupt generation when the
periodic interrupt enable flag (PES) is set. Periodic interrupt generation can be confirmed by
reading this bit, but normally the interrupt function is used.

Set PES, clear PEF Set PES, and clear PEF to 0,
in RCR2

»
P

Elapse of time set by PES

Clear PEE Clear PEFto O

Figure 13.6 Using Periodic Interrupt Function
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Section 14 Serial Communication Interface (SCI)

14.1  Overview

This LSI has an on-chip serial communication interface (SCI) that supports both asynchrono
clock synchronous serial communication. It also has a multiprocessor communication functio
serial communication among two or more processors. The SCI supports a smart card interfa
which is a serial communications feature for IC card interfaces that conforms to the ISO/IEC
standard 7816-3 for identification cards. See section 18, Smart Card Interface, for more
information.

14.1.1  Features
Select asynchronous or clock synchronous as the serial communications mode.

¢ Asynchronous mode:

O Serial data communications are synched by start-stop in character units. The SCI can
communicate with a universal asynchronous receiver/transmitter (UART), an asynchrc
communication interface adapter (ACIA), or any other communications chip that empl
a standard asynchronous serial system. It can also communicate with two or more oth
processors using the multiprocessor communication function. There are 12 selectable
data communication formats.

Data length: Seven or eight bits

Stop bit length: One or two bits

Parity: Even, odd, or none

Multiprocessor bit: 1 or 0

Receive error detection: Parity, overrun, and framing errors

Break detection: By reading the RxD level directly from the port SC data register
(SCSPTR) when a framing error occurs

¢ Clock synchronous mode:

O Serial data communication is synchronized with a clock signal. The SCI can communic
with other chips having a clock synchronous communication function. There is one sel
data communication format.

0 Data length: Eight bits

O Receive error detection: Overrun errors
¢ Full duplex communication: The transmitting and receiving sections are independent, so

SCI can transmit and receive simultaneously. Both sections use double buffering, so

continuous data transfer is possible in both the transmit and receive directions.

e On-chip baud rate generator with selectable bit rates

o s I
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» Internal or external transmit/receive clock source: From either baud rate generator (interna
SCK pin (external)

» Four types of interrupts: Transmit-data-empty, transmit-end, receive-data-full, and receive-
error interrupts are requested independently.

*  When the SCI is not in use, it can be stopped by halting the clock supplied to it, saving pov

14.1.2 Block Diagram

Figure 14.1 shows a SCI block diagram.

- - - - - - - TTT T T T T T TTTTTTTTT T TTTTTTT T T T |
| | |
| |
| g |
| £l
i 3 Internal
! Module data bus € data bus
= ) a
| o
i —
! SCPCR !
! [ SCRDR | | SCTDR SCPDR [ SCBRR !
| SCSSR :
| SCSSR |
i | SCSCR | | Baudrate «——+ Pg
enerator |
RxD—»| | SCRSR || | SCTSR SCSMR g <« P4
L& Transmit/ | ba/16
I receive ‘ | @
%D | control L P@64
XD =
i Parity generation | “ 4 clock | 1 i
| Parity check !
| Y External clock :
SCK < I
! » TEI
| Ly TXI
i > RXI
I — ERI
b o SCl-——--——---—- s
Legend
SCRSR: Receive shift register SCSCR: Serial control register
SCRDR: Receive data register SCSSR: Serial status register
SCTSR: Transmit shift register SCBRR: Bit rate register
SCTDR: Transmit data register SCPDR: SC port data register
SCSMR: Serial mode register SCPCR: SC port control register

Figure 14.1 SCI Block Diagram
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Figures 14.2, 14.3, and 14.4 show the block diagrams of the SCI I/O port.

Reset

|
R

D
SCP1MDO

Q
c

I
PCRW

—CC Relset

R
Q D

ﬂ SCPIMD1

C SCI
| _______________
PCRW

Internal data bus

,_l

Clock input enable
Reset

|
SCPT[1]/SCKO o— R

Q D
SCP1DT1

\V/ T

PDRW

Output enable

Serial clock output

A

o

PDRR*

Serial clock input

Legend:
PDRW: SCPDR write
PDRR: SCPDR read
PCRW: SCPCR write

Note: * When reading the SCKO pin, clear the C/A bit in SCSMR and the CKE1 and CKEO
bits in SCSCR to 0, and set the SCP1MD1 bit in SCPCR to 1 (see section 14.2.8).

Figure 14.2 SCPT[1]/SCKO Pin
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Reset

Legend:
PCRW: SCPCR write
PDRW: SCPDR write

I
R
D
SCPOMDO
Q
¢
PCRW Internal data bus
Relset
R
Q D
SCPOMD1
C
I
PCRW
Reset
|
SCPT[0])/TxDO O— R
Q D
< SCPODT1
C SCI
| T
PDRW |
; Output enable
|
— Serial
: transmission
| output
|
|

Figure 14.3 SCPT[0]/TxDO0 Pin
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SClI
SCPT[0]/RxD0O : ________
|
T
: Serial
: receive
| data
|
Internal data bus
*
Legend: PDRR

PDRR: PDR read

Note: *

When reading the RxDO pin, set the RE bit in SCSCR to 1.

Figure 14.4 SCPT[0]/RxDO Pin

14.1.3  Pin Configuration

The SCI has the serial pins summarized in table 14.1.

Table 14.1 SCI Pins

Pin Name Abbreviation /0 Function

Serial clock pin SCKO 1/0 Clock I/0

Receive data pin RxDO Input Receive data input
Transmit data pin TxDO Output Transmit data output

Note: They are made to function as serial pins by performing SCI operation settings with the TE,
RE, CKEI, and CKEO bits in SCSCR and the C/A bit in SCSMR. Break state transmission
and detection can be performed by means of the SCI's SCSPTR register.

HITACHI
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14.1.4  Register Configuration

Table 14.2 summarizes the SCI internal registers. These registers select the communication r
(asynchronous or clock synchronous), specify the data format and bit rate, and control the
transmitter and receiver sections.

Table 14.2 Registers

Name Abbreviation R/W Initial Value  Address Access size
Serial mode register SCSMR R/W H'00 H'FFFFFES0 8
Bit rate register SCBRR R/W H'FF H'FFFFFE82 8
Serial control register SCSCR R/W H'00 H'FFFFFE84 8
Transmit data register SCTDR R/W H'FF H'FFFFFE86 8
Serial status register ~ SCSSR R/(W)*" H'84 H'FFFFFE88 8
Receive data register SCRDR R H'00 H'FFFFFESBA 8
SC port data register  SCPDR R/W H'00 H'04000136 8
(H'A4000136)**
SC port control register SCPCR R/W H'A888 H'04000116 16
(H'A4000116)*?

Notes: The registers that have addresses that start with H'04 are located in area 1 of the physical
space. When the cache is enabled, either access these registers from the P2 area in the
virtual space, or make appropriate settings by the MMU so that these registers are not
cached.

1. The only value that can be written is 0 to clear the flags.

2. When address translation by the MMU does not apply, the address in parentheses
should be used.

14.2  Register Descriptions

14.2.1 Receive Shift Register (SCRSR)

The receive shift register (SCRSR) receives serial data. Data input at the RxD pin is loaded in
the SCRSR in the order received, LSB (bit 0) first, converting the data to parallel form. When
byte has been received, it is automatically transferred to the SCRDR. The CPU cannot read o
write the SCRSR directly.

Bit: 7 6 5 4 3 2 1 0

RIW: — — — — — — — —
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14.2.2 Receive Data Register (SCRDR)

The receive data register (SCRDR) stores serial receive data. The SCI completes the recept
one byte of serial data by moving the received data from the receive shift register (SCRSR) i
the SCRDR for storage. The SCRSR is then ready to receive the next data. This double buff
allows the SCI to receive data continuously.

The CPU can read but not write the SCRDR. The SCRDR is initialized to H'00 by a reset or i
standby or module standby modes.

Bit: 7 6 5 4 3 2 1 0
| | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0
R/W:

14.2.3  Transmit Shift Register (SCTSR)

The transmit shift register (SCTSR) transmits serial data. The SCI loads transmit data from tl
transmit data register (SCTDR) into the SCTSR, then transmits the data serially from the TxI
LSB (bit 0) first. After transmitting one-byte data, the SCI automatically loads the next transn
data from the SCTDR into the SCTSR and starts transmitting again. If the TDRE bit of the St
is 1, however, the SCI does not load the SCTDR contents into the SCTSR. The CPU cannot
or write the SCTSR directly.

Bit: 7 6 5 4 3 2 1 0

RIW: — — — — — — — —

14.2.4  Transmit Data Register (SCTDR)

The transmit data register (SCTDR) is an eight-bit register that stores data for serial transmis
When the SCI detects that the transmit shift register (SCTSR) is empty, it moves transmit da
written in the SCTDR into the SCTSR and starts serial transmission. Continuous serial
transmission is possible by writing the next transmit data in the SCTDR during serial transmi
from the SCTSR.

The CPU can always read and write the SCTDR. The SCTDR is initialized to H'FF by a rese
standby and module standby modes.
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Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

14.2.,5 Serial Mode Register (SCSMR)

The serial mode register (SCSMR) is an eight-bit register that specifies the SCI serial
communication format and selects the clock source for the baud rate generator.

The CPU can always read and write the SCSMR. The SCSMR is initialized to H'00 by a reset
in standby and module standby modes.

Bit: 7 6 5 4 3 2 1 0
\ C/A \ CHR \ PE \ O/E \ STOP \ MP \ CKs1 \ CKS0 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7—Communication Mode (C/A): Selects whether the SCI operates in the asynchronous or
clock synchronous mode.

Bit 7: C/A Description
0 Asynchronous mode (Initial value)
1 Clock synchronous mode

Bit 6—Character Length (CHR): Selects seven-bit or eight-bit data in the asynchronous mode
In the clock synchronous mode, the data length is always eight bits, regardless of the CHR se

Bit 6: CHR Description
0 Eight-bit data (Initial value)
1 Seven-bit data

When seven-bit data is selected, the MSB (bit 7) of the transmit data register is
not transmitted.
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Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and to check tt
parity of receive data, in the asynchronous mode. In the clock synchronous mode, a parity bi
neither added nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked

When PE is set to 1, an even or odd parity bit is added to transmit data,
depending on the parity mode (O/E) setting. Receive data parity is checked
according to the even/odd (O/E) mode setting.

Bit 4—Parity Mode (O/E): Selects even or odd parity when parity bits are added and checket
The OE setting is used only in asynchronous mode and only when the parity enable bit (PE)
to 1 to enable parity addition and check. ThE €¥tting is ignored in the clock synchronous
mode, or in the asynchronous mode when parity addition and check is disabled.

Bit4: O/E Description

0 Even parity (Initial value)

If even parity is selected, the parity bit is added to transmit data to make an even
number of 1s in the transmitted character and parity bit combined. Receive data
is checked to see if it has an even number of 1s in the received character and
parity bit combined.

1 Odd parity

If odd parity is selected, the parity bit is added to transmit data to make an odd
number of 1s in the transmitted character and parity bit combined. Receive data
is checked to see if it has an odd number of 1s in the received character and
parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two bits as the stop bit length in the
asynchronous mode. This setting is used only in the asynchronous mode. It is ignored in the
synchronous mode because no stop bits are added.

In receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the secon
stop bitis 1, it is treated as a stop bit, but if the second stop bit is 0, it is treated as the start k
the next incoming character.

Bit 3: STOP Description

0 One stop bit (Initial value)
In transmitting, a single bit of 1 is added at the end of each transmitted character.

1 Two stop bits

In transmitting, two bits of 1 are added at the end of each transmitted character.
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Bit 2—Multiprocessor Mode (MP): Selects multiprocessor format. When multiprocessor forma
is selected, settings of the parity enable (PE) and parity moB §if§ are ignored. The MP bit

setting is used only in the asynchronous mode; it is ignored in the clock synchronous mode. F
the multiprocessor communication function, see section 14.3.3, Multiprocessor Communicatio

Bit 2: MP Description
0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CKS1 and CKSOJhese bits select the internal clock
source of the on-chip baud rate generator. Four clock sources are avaipabtg4PRy16 and
P@64. For further information on the clock source, bit rate register settings, and baud rate, se
section 14.2.9, Bit Rate Register (SCBRR).

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Po (Initial value)
1 P4

1 0 P/16
1 P64

Note: Pg: Peripheral clock

14.2.6  Serial Control Register (SCSCR)

The serial control register (SCSCR) operates the SCI transmitter/receiver, selects the serial cl
output in the asynchronous mode, enables/disables interrupt requests, and selects the
transmit/receive clock source. The CPU can always read and write the SCSCR. The SCSCR |
initialized to H'00 by a reset or in standby and module standby modes.

Bit: 7 6 5 4 3 2 1 0
\ TIE \ RIE \ TE \ RE \ MPIE \ TEIE \ CKEl‘ CKEO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interruj
(TXI) requested when the transmit data register empty bit (TDRE) in the serial status registel
(SCSSR) is set to 1 due to transfer of serial transmit data from the SCTDR to the SCTSR.

Bit 7: TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled (Initial value)

The TXI interrupt request can be cleared by reading TDRE after it has been set to
1, then clearing TDRE to O, or by clearing TIE to 0.

1 Transmit-data-empty interrupt request (TXI) is enabled

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RX
requested when the receive data register full bit (RDRF) in the serial status register (SCSSR
to 1 due to transfer of serial receive data from the SCRSR to the SCRDR. It also enables or

disables receive-error interrupt (ERI) requests.

Bit 6: RIE Description
0 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) requests are
disabled (Initial value)

RXI and ERI interrupt requests can be cleared by reading the RDRF flag or error
flag (FER, PER, or ORER) after it has been set to 1, then clearing the flag to 0, or
by clearing RIE to 0.

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) requests are
enabled

Bit 5—Transmit Enable (TE): Enables or disables the SCI serial transmitter.

Bit 5: TE Description

0 Transmitter disabled (Initial value).
The transmit data register empty bit (TDRE) in the serial status register (SCSSR)
is fixed to 1.

1 Transmitter enabled

Serial transmission starts when the transmit data register empty (TDRE) bit in the
serial status register (SCSSR) is cleared to 0 after writing of transmit data into the
SCTDR. Select the transmit format in the SCSMR before setting TE to 1.

Bit 4—Receive Enable (RE)Enables or disables the SCI serial receiver.

461
HITACHI



Bit 4: RE Description

0 Receiver disabled (Initial value)

Clearing RE to 0 does not affect the receive flags (RDRF, FER, PER, ORER).
These flags retain their previous values.

1 Receiver enabled

Serial reception starts when a start bit is detected in the asynchronous mode, or
synchronous clock input is detected in the clock synchronous mode. Select the
receive format in the SCSMR before setting RE to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts
The MPIE setting is used only in the asynchronous mode, and only if the multiprocessor mode
(MP) in the serial mode register (SCSMR) is set to 1 during reception. The MPIE setting is
ignored in the clock synchronous mode or when the MP bit is cleared to 0.

Bit 3: MPIE Description
0 Multiprocessor interrupts are disabled (normal receive operation)  (Initial value)

MPE is cleared to O when MPIE is cleared to 0, or the multiprocessor bit (MPB) is
set to 1 in receive data.

1 Multiprocessor interrupts are enabled

Receive-data-full interrupt requests (RXI), receive-error interrupt requests (ERI),
and setting of the RDRF, FER, and ORER status flags in the serial status register
(SCSSR) are disabled until data with a multiprocessor bit of 1 is received.

The SCI does not transfer receive data from the SCRSR to the SCRDR, does not
detect receive errors, and does not set the RDRF, FER, and ORER flags in the
serial status register (SCSSR). When it receives data that includes MPB =1, the
SCSSR’s MPB flag is set to 1, and the SCI automatically clears MPIE to O,
generates RXI and ERI interrupts (if the TIE and RIE bits in the SCSCR are set to
1), and allows the FER and ORER bits to be set.

Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if SCTDR does not contain new transmit data when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit-end interrupt (TEI) requests are disabled* (Initial value)
1 Transmit-end interrupt (TEI) requests are enabled*

Note: The TEI request can be cleared by reading the TDRE bit in the serial status register
(SCSSR) after it has been set to 1, then clearing TDRE to 0 and clearing the transmit end
(TEND) bit to 0, or by clearing the TEIE bit to O.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ)These bits select the SCI clock source anc
enable or disable clock output from the SCK pin. Depending on the combination of CKE1 and
CKEDQ, the SCK pin can be used for serial clock output or serial clock input.
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The CKEO setting is valid only in the asynchronous mode, and only when the SCl is internall
clock (CKE1= 0). The CKEQ setting is ignored in the clock synchronous mode, or when an
external clock source is selected (CKE1). Before selecting the SCI operating mode in the sel
mode register (SCSMR), set CKE1 and CKEQ. For further details on selection of the SCI clot
source, see table 14.9 in section 14.3, Operation.

Bit 1: Bit O:
CKE1 CKEO Description

0 0 Asynchronous mode Internal clock, SCK pin used for input pin (input
signal is ignored) (Initial value)

Clock synchronous mode  Internal clock, SCK pin used for synchronous clock
output (Initial value)

1 Asynchronous mode Internal clock, SCK pin used for clock output*!
Clock synchronous mode  Internal clock, SCK pin used for synchronous clock
output
1 0 Asynchronous mode External clock, SCK pin used for clock input*2
Clock synchronous mode  External clock, SCK pin used for synchronous clock
input
1 Asynchronous mode External clock, SCK pin used for clock input*2

Clock synchronous mode  External clock, SCK pin used for synchronous clock
input

Notes: 1. The output clock frequency is the same as the bit rate.
2 The input clock frequency is 16 times the bit rate.

14.2.7  Serial Status Register (SCSSR)

The serial status register (SCSSR) is an 8-bit register containing multiprocessor bit values, a
status flags that indicate SCI operating state.

The CPU can always read and write the SCSSR, but cannot write 1 in the status flags (TDRI
RDRF, ORER, PER, and FER). These flags can be cleared to 0 only if they have first been r
(after being set to 1). Bits 2 (TEND) and 1 (MPB) are read-only bits that cannot be written. Tl
SCSSR is initialized to H'84 by a reset or in standby and module standby modes.

Bit: 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value: 1 0 0 0 0 1 0 0
RIW:  RIOW)*  RIW)* RIW)* RIW)* R(Wy* R R RIW

Note: The only value that can be written is a 0 to clear the flag.
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Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data
from the SCTDR into the SCTSR and new serial transmit data can be written in the SCTDR.

Bit 7: TDRE Description

0 SCTDR contains valid transmit data

TDRE is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE or data is written in SCTDR.

1 SCTDR does not contain valid transmit data (Initial value)

TDRE is set to 1 when the chip is reset or enters standby mode, the TE bit in the
serial control register (SCSCR) is cleared to 0, or SCTDR contents are loaded
into SCTSR, so new data can be written in SCTDR.

Bit 6—Receive Data Register Full (RDRF)indicates that SCRDR contains received data.

Bit 6: RDRF Description

0 SCRDR does not contain valid received data (Initial value)

RDRF is cleared to 0 when the chip is reset or enters standby mode, or software
reads RDRF after it has been set to 1, then writes 0 in RDRF.

1 SCRDR contains valid received data

RDRF is set to 1 when serial data is received normally and transferred from
SCRSR to SCRDR.

Note: The SCRDR and RDRF are not affected by detection of receive errors or by clearing of the
RE bit to 0 in the serial control register. They retain their previous contents. If RDRF is still
set to 1 when reception of the next data ends, an overrun error (ORER) occurs and the
received data is lost.

Bit 5—Overrun Error (ORER): Indicates that data reception aborted due to an overrun error.

Bit 5: ORER Description

0 Receiving is in progress or has ended normally*! (Initial value)

ORER is cleared to 0 when the chip is reset or enters standby mode or software
reads ORER after it has been set to 1, then writes 0 in ORER.

1 A receive overrun error occurred*?
ORER is set to 1 if reception of the next serial data ends when RDRF is set to 1.
Notes: 1. Clearing the RE bit to 0 in the serial control register does not affect the ORER bit, which
retains its previous value.

2. SCRDR continues to hold the data received before the overrun error, so subsequent
receive data is lost. Serial receiving cannot continue while ORER is setto 1. In the
clock synchronous mode, serial transmitting is also disabled.
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Bit 4—Framing Error (FER): Indicates that data reception aborted due to a framing error in t
asynchronous mode.

Bit 4: FER

Description

0

Receiving is in progress or has ended normally (Initial value)

Clearing the RE bit to 0 in the serial control register does not affect the FER bit,
which retains its previous value.

FER is cleared to 0 when the chip is reset or enters standby mode or software
reads FER after it has been set to 1, then writes 0 in FER.

A receive framing error occurred

When the stop bit length is two bits, only the first bit is checked. The second stop
bit is not checked. When a framing error occurs, the SCI transfers the receive
data into the SCRDR but does not set RDRF. Serial receiving cannot continue
while FER is set to 1. In the clock synchronous mode, serial transmitting is also
disabled.

FER is set to 1 if the stop bit at the end of receive data is checked and found to
be 0.

Bit 3—Parity Error (PER): Indicates that data reception (with parity) aborted due to a parity
error in the asynchronous mode.

Bit 3: PER Description

0 Receiving is in progress or has ended normally (Initial value)
Clearing the RE bit to 0 in the serial control register does not affect the PER bit,
which retains its previous value.
PER is cleared to 0 when the chip is reset or enters standby mode or software
reads PER after it has been set to 1, then writes 0 in PER.

1 A receive parity error occurred

When a parity error occurs, the SCI transfers the receive data into the SCRDR
but does not set RDRF. Serial receiving cannot continue while PER is setto 1. In
the clock synchronous mode, serial transmitting is also disabled.

PER is set to 1 if the number of 1s in receive data, including the parity bit, does
not match the even or odd parity setting of the parity mode bit (O/E) in the serial
mode register (SCSMR).
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Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted, the SCTDR did not contain valid data, so transmission has ended. TEND is a rea
only bit and cannot be written.

Bit 2: TEND Description

0 Transmission is in progress

TEND is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE.

1 End of transmission (Initial value)

TEND is set to 1 when the chip is reset or enters standby mode. TE is cleared to
0 in the serial control register (SCSCR), or TDRE is 1 when the last bit of a one-
byte serial character is transmitted.

Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data
when a multiprocessor format is selected for receiving in the asynchronous mode. The MPB i
read-only bit and cannot be written.

Bit 1: MPB Description
0 Multiprocessor bit value in receive data is 0 (Initial value)

If RE is cleared to 0 when a multiprocessor format is selected, the MPB retains
its previous value.

1 Multiprocessor bit value in receive data is 1

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added t
transmit data when a multiprocessor format is selected for transmitting in the asynchronous m
The MPBT setting is ignored in the clock synchronous mode, when a multiprocessor format is
selected, or when the SCI is not transmitting.

Bit 0: MPBT Description

0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1
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14.2.8 SC Port Control Register (SCPCR)/SC Port Data Register (SCPDR)

The SC port control register (SCPCR) and SC port data register (SCPDR) control /O and da
the port multiplexed with the serial communication interface (SCI) pins.

SCPCR settings are used to perform 1/O control, to enable data written in SCPDR to be outp
the TxD pin, and input data to be read from the RxD pin, and to control serial
transmission/reception breaks.

It is also possible to read data on the SCK pin, and write output data.

SCPCR

Bi: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCP7|SCP7/SCP6SCP6/SCP5SCP5SCP4SCP4SCP3SCP3SCP2SCP2SCP1SCP1SCPOSCPO
MD1|MDO| MD1|MDO | MD1|MDO|MD1| MDO| MD1|MDO|MD1|MDO|MD1|MDO| MD1| MDO

Initial value: 1 0 1 0 1 0 0 0 1 0 0 0 1 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

SCPDR
Bit: 7 6 5 4 3 2 1 0
\ SCP7DT‘ SCP6DT‘ SCPSDT‘ SCP4DT‘ scpsDT\ scpon\ SCPlDT‘ SCPODT‘
Initial value: 0 0 0 0 0 0 0 0
RIW: R RW RW RW RW RW RW RW

SCI pin I/O and data control are performed by bits 3—0 of SCPCR and bits 1 and 0 of SCPDF

SCPCR bits 3 and 2—Serial Clock Port 1/0 (SCP1MD1, SCP1MDO)fhese bits specify serial
port SCK pin I/0O. When the SCK pin is actually used as a port I/O pin, clearAhsit@f
SCSMR and bits CKE1 and CKEO of SCSCR to 0.

Bit 3: Bit 2:

SCP1MD1 SCP1MDO Description

0 0 SCP1DT bit value is not output to SCK pin
0 1 SCP1DT bit value is output to SCK pin

1 0 SCK pin value is read from SCP1DT bit

1 1 (Initial values: 1 and 0)
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SCPDR bit 1—Serial Clock Port Data (SCP1DT)Specifies the serial port SCK pin I/O data.
Input or output is specified by the SCP1MDO0 and SCP1MDL1 bits. In output mode, the value ¢
the SCP1DT bit is output to the SCK pin. In output mode, the SCK pin value is read from the
SCP1DT bit.

Bit 1:

SCP1DT Description

0 1/0O data is low (Initial value)
1 I/O data is high

SCPDR bits 1 and 0—Serial Port Break I/O (SCPOMD1, SCPOMDO)hese bits specify the
serial port TxD pin output condition. When the TxD pin is actually used as a port output pin ai
outputs the value set with the SCPODT bit, clear the TE bit of SCSCR to 0.

Bit 1: Bit O:

SCPOMD1 SCPOMDO Description

0 0 SCPODT bit value is not output to TxD pin (Initial value)
0 1 SCPODT bit value is output to TxD pin

SCPCR bit 0—Serial Port Break Data (SCPODT)Specifies the serial port RxD pin input data
and TxD pin output data. The TxD pin output condition is specified by the SCPOMDO and
SCPOMD1 bits. When the TxD pin is set to output mode, the value of the SCPODT bit is outp
the TxD pin. The RxD pin value is read from the SCPODT bit regardless of the values of the
SCPOMDO and SCPOMDL1 bits, if RE in the SCSCR is set to 1. The initial value of this bit after
power-on reset is undefined.

Bit 0:

SCPODT Description

0 1/0O data is low (Initial value)
1 I/O data is high

Block diagrams of the SCI I/O ports are shown in figures 14.2, 14.3, and 14.4.
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14.2.9 Bit Rate Register (SCBRR)

The bit rate register (SCBRR) is an eight-bit register that, together with the baud rate genera
clock source selected by the CKS1 and CKSO bits in the serial mode register (SCSMR),
determines the serial transmit/receive bit rate.

The CPU can always read and write the SCBRR. The SCBRR is initialized to H'FF by a rese
module standby or standby mode. Each channel has independent baud rate generator contri
different values can be set in two channels.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
The SCBRR setting is calculated as follows:
Asynchronous mode: N = [P@/(64 x 22"-1 x B)] x 106 — 1
Clock synchronous mode: N = [P@/(8 x 22"~ 1 x B)] x 106 — 1
B: Bitrate (bit/s)
N: SCBRR setting for baud rate generator (0 < N < 255)
P@: Operating frequency for peripheral modules (MHz)
n: Baud rate generator clock source (n =0, 1, 2, 3) (for the clock sources and values of
n, see table 14.3.)

Table 14.3 SCSMR Settings

SCSMR Settings

n Clock Source CKS1 CKSO
0 Po 0 0
1 P@/4 0 1
2 P@/16 1 0
3 P@/64 1 1

Note: Find the bit rate error for the asynchronous mode by the following formula:
Error (%) ={P(@ x 108)/[(N + 1) x B x 64 x 22"~ 1]} x 100

Table 14.4 lists examples of SCBRR settings in the asynchronous mode; table 14.5 lists exa
of SCBRR settings in the clock synchronous mode.
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Table 14.4 Bit Rates and SCBRR Settings in Asynchronous Mode

Po (MHz)

2.097152 2.4576
Bit Rate (bits/s) n N Error ( %) n N Error (%) n N Error ( %)
110 1 141 0.03 1 148 -0.04 1 174 -0.26
150 1 103 0.16 1 108 0.21 1 127 0.00
300 0 207 0.16 0 217 0.21 0 255  0.00
600 0 103 0.16 0 108 0.21 0 127  0.00
1200 0 51 0.16 0 54 -0.70 0 63 0.00
2400 0 25 0.16 0 26 1.14 0 31 0.00
4800 0 12 0.16 0 13 —2.48 0 15 0.00
9600 0 6 —6.99 0 6 —2.48 0 7 0.00
19200 0 2 8.51 0 2 13.78 0 3 0.00
31250 0 1 0.00 0 1 4.86 0 1 22.88
38400 0 1 -18.62 0 1 -14.67 0 1 0.00

P@ (MHz)

3.6864
Bit Rate (bits/s) n N Error ( %) n N Error (%) n N Error ( %)
110 1 212 0.03 2 64 0.70 2 70 0.03
150 1 155 0.16 1 191 0.00 1 207 0.16
300 1 77 0.16 1 95 0.00 1 103 0.16
600 0 155 0.16 0 191 0.00 0 207 0.16
1200 0 77 0.16 0 95 0.00 0 103 0.16
2400 0 38 0.16 0 47 0.00 0 51 0.16
4800 0 19 —2.34 0 23 0.00 0 25 0.16
9600 0 -2.34 0 11 0.00 0 12 0.16
19200 0 4 -2.34 0 5 0.00 0 —6.99
31250 0 0.00 — — — 0 0.00
38400 - - — 0 2 0.00 0 8.51
470

HITACHI



Table 14.4 Bit Rates and SCBRR Settings in Asynchronous Mode (cont)

Po (MHz)
4.9152
Bit Rate (bits/s) n N Error ( %) n N Error (%) n N Error ( %)
110 2 86 0.31 2 88 -0.25 2 106 -0.44
150 1 255 0.00 2 64 0.16 2 77 0.16
300 1 127 0.00 1 129 0.16 1 155 0.16
600 0 255 0.00 1 64 0.16 1 77 0.16
1200 0 127 0.00 0 129 0.16 0 155 0.16
2400 0 63 0.00 0 64 0.16 0 77 0.16
4800 0 31 0.00 0 32 -1.36 0 38 0.16
9600 0 15 0.00 0 15 1.73 0 19 —-2.34
19200 0 0.00 0 1.73 0 9 -2.34
31250 0 4 -1.70 0 4 0.00 0 0.00
38400 0 0.00 0 1.73 0 —-2.34
Po (MHz)
6.144 7.3728
Bit Rate (bits/s) n N Error ( %) n N Error (%) n N Error ( %)
110 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 79 0.00 2 95 0.00 2 103 0.16
300 1 159 0.00 1 191 0.00 1 207 0.16
600 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 9 0.00 0 11 0.00 0 12 0.16
31250 0 2.40 0 5.33 0 7 0.00
38400 0 4 0.00 0 5 0.00 0 6 —6.99
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Table 14.4 Bit Rates and SCBRR Settings in Asynchronous Mode (cont)

Po (MHz)

9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 025 2 212 003 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 016 2 77 016 2 79  0.00
600 1 127 0.00 1 129 016 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 016 1 77 016 1 79  0.00
2400 0 127 000 O 129 016 O 155 016 O 159 0.00
4800 0 63 0.00 O 64 016 O 77 016 O 79 0.00
9600 0 31 000 O 32 -136 0 38 016 O 39 0.00
19200 0 15 000 O 15 173 0 19 016 O 19  0.00
31250 0 9 -1.70 O 9 0.00 O 11 0.00 O 11 2.40
38400 0 7 0.00 O 7 173 0 9 -234 0 9 0.00

Po (MHz)

14.7456 16 19.6608 20
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 64 070 3 70 003 3 86 031 3 88 -0.25
150 2 191 0.00 2 207 016 2 255 0.00 3 64 0.16
300 2 95 0.00 2 103 0.16 2 127 0.00 2 129 0.16
600 1 191 000 1 207 016 1 255 000 2 64 0.16
1200 1 95 000 1 103 016 1 127 0.00 1 129 0.16
2400 0 191 000 O 207 016 O 255 000 1 64 0.16
4800 0 95 000 O 103 016 O 127 0.00 O 129 0.16
9600 0 47 000 O 51 016 O 63 000 O 64 0.16
19200 0 23 0.00 O 25 016 O 31 0.00 O 32 -1.36
31250 0 14 -170 O 15 000 O 19 -170 0 19 0.00
38400 0 11 000 O 12 016 O 15 000 O 15 1.73
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Table 14.4 Bit Rates and SCBRR Settings in Asynchronous Mode (cont)

Po (MHz)

24 24.576 28.7 30
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 106 -0.44 3 108 0.08 3 126 031 3 132 0.13
150 3 77 0.16 3 79 0.00 3 92 046 3 97 -0.35
300 2 155 0.16 2 159 0.00 2 186 -0.08 2 194 0.16
600 2 77 016 2 79 000 2 92 046 2 97 -0.35
1200 1 155 0.16 1 159 0.00 1 186 -0.08 1 194 0.16
2400 1 77 016 1 79 000 1 92 046 1 97 -0.35
4800 0 155 016 O 159 0.00 O 186 -0.08 O 194 -1.36
9600 0 77 016 O 79 0.00 O 92 046 O 97 -0.35
19200 0 38 016 O 39 000 O 46 -0.61 O 48 -0.35
31250 0 23 000 O 24 -170 O 28 -103 0 29  0.00
38400 0 19 -2.34 0 19 0.00 O 22 155 O 23 1.73

HITACHI
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Table 14.5 Bit Rates and SCBRR Settings in Clock Synchronous Mode

Po (MHZz)
Bit Rate 4 8 16 28.7 30
(bits/s) n N n N n N n N n N
110 — — — — — — — — — —
250 2 249 3 124 3 249 — — — —
500 2 124 2 249 3 124 3 223 3 233
1k 1 249 2 124 2 249 3 111 3 116
2.5k 1 99 1 199 2 99 2 178 2 187
5k 0 199 1 99 1 199 2 89 2 93
10k 0 99 0 199 1 99 1 178 1 187
25k 0 39 0 79 0 159 1 71 1 74
50k 0 19 0 39 0 79 0 143 0 149
100k 0 9 0 19 0 39 0 71 0 74
250k 0 3 0 7 0 15 — — 0 29
500k 0 1 0 3 0 7 — — 0 14
1M 0 o* 0 1 0 3 — — — —
2M 0 0* 0 1 — — — —

Note: Settings with an error of 1% or less are recommended.
Blank: No setting possible

—: Setting possible, but error occurs

* Continuous transmit/receive not possible
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Table 14.6 indicates the maximum bit rates in the asynchronous mode when the baud rate
generator is being used. Tables 14.7 and 14.8 list the maximum rates for external clock inpu

Table 14.6 Maximum Bit Rates for Various Frequencies with Baud Rate Generator
(Asynchronous Mode)

Settings

P@ (MHz) Maximum Bit Rate (bits/s) n N

2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
8 250000 0 0
9.8304 307200 0 0
12 375000 0 0
14.7456 460800 0 0
16 500000 0 0
19.6608 614400 0 0
20 625000 0 0
24 750000 0 0
24.576 768000 0 0
28.7 896875 0 0
30 937500 0 0
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Table 14.7 Maximum Bit Rates during External Clock Input (Asynchronous Mode)

P@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
8 2.0000 125000
9.8304 2.4576 153600
12 3.0000 187500
14.7456 3.6864 230400
16 4.0000 250000
19.6608 4.9152 307200
20 5.0000 312500
24 6.0000 375000
24.576 6.1440 384000
28.7 7.1750 448436
30 7.5000 468750

Table 14.8 Maximum Bit Rates during External Clock Input (Clock Synchronous Mode)

P@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
8 1.3333 1333333.3

16 2.6667 2666666.7

24 4.0000 4000000.0

28.7 4.7833 4783333.3

30 5.0000 5000000.0
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14.3  Operation

14.3.1 Overview

For serial communication, the SCI has an asynchronous mode in which characters are
synchronized individually, and a clock synchronous mode in which communication is
synchronized with clock pulses. Asynchronous/clock synchronous mode and the transmissio
format are selected in the serial mode register (SCSMR), as listed in table 14.9. The SCI clo
source is selected by the combination of th& Bit in the serial mode register (SCSMR) and the
CKE1 and CKEO bits in the serial control register (SCSCR), as listed in table 14.10.

Asynchronous Mode:

Data length is selectable: seven or eight bits.

Parity and multiprocessor bits are selectable. So is the stop bit length (one or two bits). Tl

combination of the preceding selections constitutes the communication format and charac

length.

In receiving, it is possible to detect framing errors (FER), parity errors (PER), overrun errc

(ORER) and breaks.

An internal or external clock can be selected as the SCI clock source.

O When an internal clock is selected, the SCI operates using the on-chip baud rate gene
and can output a serial clock signal with a frequency matching the bit rate.

O When an external clock is selected, the external clock input must have a frequency 16
the bit rate. (The on-chip baud rate generator is not used.)

Clock Synchronous Mode:

The transmission/reception format has a fixed eight-bit data length.

In receiving, it is possible to detect overrun errors (ORER).

An internal or external clock can be selected as the SCI clock source.

0 When an internal clock is selected, the SCI operates using the on-chip baud rate gene
and outputs a synchronous clock signal to external devices.

O When an external clock is selected, the SCI operates on the input synchronous clock.
on-chip baud rate generator is not used.
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Table 14.9 Serial Mode Register Settings and SCI Communication Formats

SCSMR Settings SCI Communication Format
Bit7 Bit6 Bit5 Bit2 Bit3 Data Parity ~ Multipro-  Stop Bit
Mode C/A CHR PE MP STOP Length Bit cessor Bit Length
Asynchronous 0 0 0 0 0 8-hit Not set Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 0 0 7-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
Asynchronous 0 * 1 0 8-bit Not set Set 1 bit
(multiprocessor * 1 2 bits
format) —_—
1 * 0 7-bit 1 bit
* 1 2 bits
Clock 1 * * * * 8-hit Not set None
synchronous

Note: Asterisks (*) indicate don't-care bits.

Table 14.10 SCSMR and SCSCR Settings and SCI Clock Source Selection

SCSMR SCSCR Settings SCI Transmit/Receive Clock
Bit 7 Bit 1 Bit 0 Clock SCK
Mode C/A CKE1 CKEO Source Pin Function
Asynchronous 0 0 0 Internal SCI does not use the SCK pin
mode 1 Outputs a clock with frequency
matching the bit rate
1 0 External Inputs a clock with frequency 16
1 times the bit rate
Clock synch- 1 0 0 Internal Outputs the synchronous clock
ronous mode 1
1 0 External Inputs the synchronous clock
1
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14.3.2  Operation in Asynchronous Mode

In the asynchronous mode, each transmitted or received character begins with a start bit anc
with a stop bit. Serial communication is synchronized one character at a time.

The transmitting and receiving sections of the SCI are independent, so full duplex communic
is possible. The transmitter and receiver are both double buffered, so data can be written an
while transmitting and receiving are in progress, enabling continuous transmitting and receiv

Figure 14.5 shows the general format of asynchronous serial communication. In asynchrono
serial communication, the communication line is normally held in the mark (high) state. The ¢
monitors the line and starts serial communication when the line goes to the space (low) state
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity t
(high or low), and stop bit (high), in that order.

When receiving in the asynchronous mode, the SCI synchronizes on the falling edge of the <
bit. The SCI samples each data bit on the eighth pulse of a clock with a frequency 16 times t
rate. Receive data is latched at the center of each bit.

Idling (marking)

1 (LSB) (MSB) 1
Serlal| |Dl|D2|D3|D4|D5|D6|D7|0/1|1 1
data -
Start Parity|  Stop
bit bit bit
Transmit/receive data Wy -~
1 b|t1 7 or 8 bits | 1or | 1or
no bit 2 bits

One unit of communication data (character or frame)

A
\ 4

Example: 8-bit data with parity and two stop bits

Figure 14.5 Data Format in Asynchronous Communication

479
HITACHI



Transmit/Receive Formats:Table 14.11 lists the 12 communication formats that can be selecte
in the asynchronous mode. The format is selected by settings in the serial mode register (SC*

Table 14.11 Serial Communication Formats (Asynchronous Mode)

SCSMR Bits Serial Transmit/Receive Format and Frame Length
CHR PE MP STOP 1 2 3 4 5 6 7 8 9 10 11 12
0O 0 0 0 |START| 8-Bit data  sToP|
0 0 0 1 |START| 8-Bit data | STOP | STOP |
0 1 0 0 |START| 8-Bit data | P |sToP]|
0 1 0 1 |START| 8-Bit data | P |STOP | STOP|
1 0 0 0 |START| 7-Bit data | STOP|
1 0 0 1 | START| 7-Bit data | STOP| STOP|
1 1 0 0 |START| 7-Bit data | P |STOP|
1 1 0 1 |START| 7-Bit data | P | STOP|STOP|
0 — 1 0 |START| 8-Bit data | MPB | STOP |
0 — 1 1 |START| 8-Bit data | MPB | STOP | STOP|
1 — 1 0 |START| 7-Bit data | MPB | STOP |
1 — 1 1 |START| 7-Bit data | MPB | STOP | STOP |

—: Don't care bits
START: Start bit

STOP: Stop bit

P: Parity bit

MPB:  Multiprocessor bit

Clock: An internal clock generated by the on-chip baud rate generator or an external clock inf
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selec
by the CA bit in the serial mode register (SCSMR) and bits CKE1 and CKEQO in the serial cont
register (SCSCR) (table 14.10).

When an external clock is input at the SCK pin, it must have a frequency equal to 16 times the
desired bit rate.
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When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phase is aligned as in figure 14.6 s
the rising edge of the clock occurs at the center of each transmit data bit.

S [ A [ B 0 A O S

| o |po|Dp1|D2|D3|pa|D5|D6|D7]0L] 1 1

1 frame

< »
< >

Figure 14.6 Output Clock and Serial Data Timing (Asynchronous Mode)

Transmitting and Receiving Data (SCI Initialization (Asynchronous Mode)):Before
transmitting or receiving, clear the TE and RE bits to 0 in the serial control register (SCSCR)
initialize the SCI as follows.

When changing the operation mode or communication format, always clear the TE and RE
0 before following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes
transmit shift register (SCTSR). Clearing RE to 0, however, does not initialize the RDRF, PE
FER, and ORER flags or receive data register (SCRDR), which retain their previous contents

When an external clock is used, the clock should not be stopped during initialization or subse
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 14.7 is a sample flowchart for initializing the SCI. The procedure for initializing the SC

1. Select the clock source in the serial control register (SCSCR). Leave RIE, TIE, TEIE, MP!
TE, and RE cleared to 0. If clock output is selected in asynchronous mode, clock output s
immediately after the setting is made to SCSCR.

2. Select the communication format in the serial mode register (SCSMR).

3. Write the value corresponding to the bit rate in the bit rate register (SCBRR) unless an ex
clock is used.

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in tl
serial control register (SCSCR) to 1. Also set RIE, TIE, TEIE, and MPIE as necessary. Se
TE or RE enables the SCI to use the TxD or RxD pin. The initial states are the mark trans
state, and the idle receive state (waiting for a start bit).
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( Initialize >
I
Clear TE and RE bits in SCSCR to 0

|
Set CKE1 and CKEO bits in SCSCR
(TE and RE bits are 0) @)

Select transmit/receive 2
format in SCSMR

I
Set value to SCBRR 3)

Wait

A

Has a 1-bit
interval elapsed?

No

Set TE and RE bits in SCSCR to 1
and set RIE, TEIE, and MPIE bits | (4

( = )

Note: Numbers refer to the preceding procedure.

Figure 14.7 Sample Flowchart for SCI Initialization

Transmitting Serial Data (Asynchronous Mode):Figure 14.8 shows a sample flowchart for
transmitting serial data. The procedure for transmitting serial data is:

1. SCI status check and transmit data write: read the serial status register (SCSSR), check tt
TDRE bit is 1, then write transmit data in the transmit data register (SCTDR) and clear TDI
to 0.

2. To continue transmitting serial data: Read the TDRE bit to check whether it is safe to write
it reads 1); if so, write data in SCTDR, then clear TDRE to 0.

3. To output a break at the end of serial transmission: Set the port SC data register (SCPDR]
port SC control register (SCPCR), then clear the TE bit to O in the serial control register
(SCSCR). For SCPCR and SCPDR settings, see section 14.2.8.
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( Start transmission )

[«
[~

| Read TDREbitin SCSSR | (1)

e

Yes
Write transmission data to
SCTDR and clear TDRE bit in
SCSSRt0 0

| Set SCPDR and SCPCR |

|
| Clear TE bit SCSCR to 0 |

<

( End transmission )

Note: Numbers refer to the preceding procedure.

Figure 14.8 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows:

1. The SCI monitors the TDRE bit in the SCSSR. When TDRE is cleared to 0, the SCI recogt
that the transmit data register (SCTDR) contains new data, and loads this data from the
SCTDR into the transmit shift register (SCTSR).

2. After loading the data from the SCTDR into the SCTSR, the SCI sets the TDRE bitto 1 an
starts transmitting. If the transmit-data-empty interrupt enable bit (TIE) is set to 1 in the
SCSCR, the SCI requests a transmit-data-empty interrupt (TXI) at this time. Serial transmif
data is transmitted in the following order from the TxD pin:

a.
b.
c.

d.
e.

Start bit: One 0 bit is output.

Transmit data: Seven or eight bits of data are output, LSB first.

Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one multiprocesso
bit is output. Formats in which neither a parity bit nor a multiprocessor bit is output can
also be selected.

Stop bit: One or two 1 bits (stop bits) are output.

Marking: Output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads new
data from the SCTDR into the SCTSR, outputs the stop bit, then begins serial transmissior
the next frame. If TDRE is 1, the SCI sets the TEND bit to 1 in the SCSSR, outputs the sto
bit, then continues output of 1 bits (marking). If the transmit-end interrupt enable bit (TEIE)
the SCSCR is set to 1, a transmit-end interrupt (TEI) is requested.
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Figure 14.9 shows an example of SCI transmit operation in the asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit  bit bit Data bit  bit 1
1 ) )
9 o [ou o [, [ o [0a] 1 | o [oo] o2 [or[on] 1 e

I(¢

))
TDRE j ) |

»
TEND T T T
« «

| | )) | ) ‘}
TXI interrupt Writes datato  TXI interrupt TEl interrupt
request SCTDR with the request request
generated TXI interrupt generated generated

processing routine
and clear TDRE
bit to 0

\/

A

1 frame

Example: 8-bit data with parity and one stop bit

Figure 14.9 SCI Transmit Operation in Asynchronous Mode

Receiving Serial Data (Asynchronous Mode)rigure 14.10 shows a sample flowchart for
receiving serial data. The procedure for receiving serial data after enabling the SCI for recep
is:

1. Receive error processing and break detection: If a receive error occurs, read the ORER,
and FER bits of the SCSSR to identify the error. After executing the necessary error
processing, clear ORER, PER and FER all to 0. Receiving cannot resume if ORER, PER
FER remain set to 1. When a framing error occurs, the RxD pin can be read to detect the
state.

2. SCI status check and receive-data read: Read the serial status register (SCSSR), check
RDRF is set to 1, then read receive data from the receive data register (SCRDR) and cle:
RDRF to 0. The RXI interrupt can also be used to determine if the RDRF bit has changed
Oto 1.

3. To continue receiving serial data: Read the RDRF and SCRDR bits and clear RDRF to O
before the stop bit of the current frame is received.
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Note:

( Start reception >

Read ORER, PER, and FER
bits in SCSSR

Yes

PER, FER, ORER =17

Read the RDRF bit in SCSSR

)

No

Yes

Read reception data of SCRDR
and clear RDRF bit in SCSSR to 0

®)

All data received?

Clear the RE bitin SCSCR to 0

< End reception >

Numbers refer to the preceding procedure.

1)

( Error processing )
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( Error processing >

No

Yes

Overrun error processing

‘l
!

Yes

Break?

A 4

Clear RE bitin SCSCRto 0

Framing error processing

Yes

Parity error processing

»la
«

Clear ORER, PER, and
FER bits in SCSSR to 0

( - )

Figure 14.10 Sample Flowchart for Receiving Serial Data (cont)
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In receiving, the SCI operates as follows:

1. The SCI monitors the communication line. When it detects a start bit (0), the SCI synchron

internally and starts receiving.

. Receive data is shifted into the SCRSR in order from the LSB to the MSB.

. The parity bit and stop bit are received. After receiving these bits, the SCI makes the follov

checks:

a. Parity check: The number of 1s in the receive data must match the even or odd parity
setting of the (& bit in the SCSMR.

b. Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first sto
is checked.

c. Status check: RDRF must be 0 so that receive data can be loaded from the SCRSR int
SCRDR.
If these checks all pass, the SCI sets RDRF to 1 and stores the received data in the SC
If one of the checks fails (receive error), the SCI operates as indicated in table 14.12.

Note: When a receive error flag is set, further receiving is disabled. The RDRF bit is not set

Be sure to clear the error flags.

. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) is set to 1 in the
SCSCR, the SCI requests a receive-data-full interrupt (RXI). If one of the error flags (OREI
PER, or FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in the SCSCR i
also set to 1, the SCI requests a receive-error interrupt (ERI).

Table 14.12 Receive Error Conditions and SCI Operation

Receive Error Abbreviation Condition Data Transfer

Overrun error ORER Receiving of next data ends while Receive data not loaded

RDRF is still setto 1 in SCSSR from SCRSR into SCRDR

Framing error FER Stop bitis 0 Receive data loaded from

SCRSR into SCRDR

Parity error PER Parity of receive data differs from Receive data loaded from

even/odd parity setting in SCSMR SCRSR into SCRDR
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Figure 14.11 shows an example of SCI receive operation in the asynchronous mode.

Start Parity Stop Start Parity Stop
_ bit Data bit  bit bit Data bit  bit 1
Sggtaz\al 0|D0|D1|;|D7|0/1|1|0|D0|D1|;;|D7|0/1|1 Idling

(marking)

RDRF
« «

)) * )
RXI interrupt ‘

FER B request generated B
)) ‘ )) T

1 frame
Reads data with ERI interrupt
the RXI interrupt request generated
processing routine by framing error
and clears RDRF
bit to 0

Example: 8-bit data with parity and one stop bit

Figure 14.11 SCI Receive Operation

14.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share a single se
communication line. The processors communicate in the asynchronous mode using a format
an additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by a unique ID. A ¢
communication cycle consists of an ID-sending cycle that identifies the receiving processor,
data-sending cycle. The multiprocessor bit distinguishes ID-sending cycles from data-sendin
cycles. The transmitting processor starts by sending the ID of the receiving processor with w
wants to communicate as data with the multiprocessor bit set to 1. Next the transmitting proc
sends transmit data with the multiprocessor bit cleared to 0.

Receiving processors skip incoming data until they receive data with the multiprocessor bit s
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare
data with their IDs. The receiving processor with a matching ID continues to receive further
incoming data. Processors with IDs not matching the received data skip further incoming dat
until they again receive data with the multiprocessor bit set to 1. Multiple processors can sen
receive data in this way.
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Figure 14.12 shows an example of communication among processors using the multiprocesst
format.

Transmitting
station

v Serial communications circuit

v v v v

Receiving Receiving Receiving Receiving
station A station B station C station D
(ID =01) (ID = 02) (ID =03) (ID = 04)
Serial Ho1 HAA
data
(MPB =1) (MPB = 0)
ID transmit cycle = " Data transmit cycle = -
specifies receiving station data transmission to
receiving station specified
by ID

MPB: Multiprocessor bit o
Example: Sending data H'AA to receiving processor A

Figure 14.12 Communication Among Processors Using Multiprocessor Format

Communication Formats: Four formats are available. Parity-bit settings are ignored when the
multiprocessor format is selected. For details see table 14.11.

Clock: See the description in the asynchronous mode section.

Transmitting Multiprocessor Serial Data: Figure 14.13 shows a sample flowchart for
transmitting multiprocessor serial data. The procedure for transmitting multiprocessor serial d:
is:

1. SCI status check and transmit data write: Read the serial status register (SCSSR), check
the TDRE bit is 1, then write transmit data in the transmit data register (SCTDR). Also set
MPBT (multiprocessor bit transfer) to 0 or 1 in SCSSR. Finally, clear TDRE to 0.

2. To continue transmitting serial data: Read the TDRE bit to check whether it is safe to write
it reads 1); if so, write data in SCTDR, then clear TDRE to 0.

3. To output a break at the end of serial transmission: Set the port SC data register (SCPDR]
port SC control register (SCPCR), then clear the TE bit to O in the serial control register
(SCSCR). For SCPCR and SCPDR settings, see section 14.2.8.
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( Start transmission )

le
[~

| Read TDREbitin SCSSR | (1)

e

Yes

\Write transmission data to SCTDR
and set MPBT bit in SCSSR

| Clear TDRE bit to 0 |

)

| Set SCPDR and SCPCR |

[
Clear TE bit SCSCR to 0

[C

( End transmission )

Note: Numbers refer to the preceding procedure.

Figure 14.13 Sample Flowchart for Transmitting Multiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows:

1.

492

The SCI monitors the TDRE bit in the SCSSR. When TDRE is cleared to 0 the SCI recogn
that the transmit data register (SCTDR) contains new data, and loads this data from the
SCTDR into the transmit shift register (SCTSR).

. After loading the data from the SCTDR into the SCTSR, the SCI sets the TDRE bit to 1 an

starts transmitting. If the transmit-data-empty interrupt enable bit (TIE) in the SCSCR is sef
1, the SCI requests a transmit-data-empty interrupt (TXI) at this time. Serial transmit data i
transmitted in the following order from the TxD pin:

Start bit: One 0 bit is output.

Transmit data: Seven or eight bits are output, LSB first.

Multiprocessor bit: One multiprocessor bit (MPBT value) is output.

Stop bit: One or two 1 bits (stop bits) are output.

Marking: Output of 1 bits continues until the start bit of the next transmit data.

The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads date
from the SCTDR into the SCTSR, outputs the stop bit, then begins serial transmission of tt
next frame. If TDRE is 1, the SCI sets the TEND bit in the SCSSR to 1, outputs the stop bi
then continues output of 1 bits in the marking state. If the transmit-end interrupt enable bit

(TEIE) in the SCSCR is set to 1, a transmit-end interrupt (TEI) is requested at this time.

® a0 o p
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Figure 14.14 shows SCI transmission in the multiprocessor format.

Multi- Multi-
processor processor
Start bit Stop Start bit Stop
1 bit Data vy bit  bit Data vy bit 1
Serial ) ) ;
il |0|D0|D1||D7|0/l|l|O|Do|D1| |D7|O/1|1 Idling
ata « £ (marking)
((
TDRE |
(C
TEND T T T
(¢ ((
TXI interrupt Writes datato  TXI interrupt TEI interrupt
request TDR with the TXI request request
generated interrupt pro- generated generated
cessing routine and
clears TDRE bitto 0
b 1 frame -

Example: 8-bit data with multiprocessor bit and one stop bit

Figure 14.14 SCI Multiprocessor Transmit Operation

Receiving Multiprocessor Serial Data:Figure 14.15 shows a sample flowchart for receiving

multiprocessor serial data. The procedure for receiving multiprocessor serial data is:

1. ID receive cycle: Set the MPIE bit in the serial control register (SCSCR) to 1.

2. SCI status check and compare to ID reception: Read the serial status register (SCSSR),
that RDRF is set to 1, then read data from the receive data register (SCRDR) and compa

the processor’s own ID. If the ID does not match the receive data, set MPIE to 1 again an

clear RDRF to 0. If the ID matches the receive data, clear RDRF to 0.

3. SCI status check and data receiving: Read SCSSR, check that RDRF is set to 1, then res

from the receive data register (SCRDR).

4. Receive error processing and break detection: If a receive error occurs, read the ORER ¢
FER bits in SCSSR to identify the error. After executing the necessary error processing, ¢
both ORER and FER to 0. Receiving cannot resume if ORER or FER remain set to 1. Wh

framing error occurs, the RxD pin can be read to detect the break state.

HITACHI

493




< Start reception >

>
>

Set MPIE bitin SCSCRto1 | (1)
[

Read ORER and FER
bits in SCSSR

FER =1 or ORER =1?

| Read RDRFbitinSCSSR | (2

No

Yes
| Read receive data in SCRDR |

Is ID the
station’s ID?

Yes [«
Read ORER and FER
bits in SSCSR

Yes

A4

FER =1 or ORER = 17?

Read RDRF bit in SCSSR 4

No

Yes

| Read receive data in SCRDR |

®)

( Error processing )

All data received?

| Clear RE bit in SCSCR to 0 |

I
< End reception >

Note: Numbers refer to the preceding procedure.

Figure 14.15 Sample Flowchart for Receiving Multiprocessor Serial Data
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No

Error processing >

Yes

Overrun error processing

»l
>

A

A

Framing error processing

Clear RE bit i

n SCSCRto 0

»
>

<
€

Clear ORER and
FER bits in SCSSR to 0

(

End >

Figure 14.15 Sample Flowchart for Receiving Multiprocessor Serial Data (cont)
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Figure 14.16 shows an example of SCI receive operation using a multiprocessor format.

Start Data Stop Start Data Stop
1 bit (ID1) N MPB bit bit (datal) « MPB  bit 1
Serial ) )} diin

MPIE ’ \ y
RDRF s / ;
N

b e
e \ \

RXI interrupt request Reads RDR data with ID is not station’s No RXI interrupt,

(multiprocessor interrupt) the RXI interrupt ID, so MPIE bit is generated
generated, MPIE =0 processing routine set to 1 again RDR state
and clears RDRF bit to 0 is maintained

Example: Own ID does not match data
Format: 8-bit data with multiprocessor bit and one stop bit

Figure 14.16 Example of SCI Receive Operation
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Start Data Stop Start Data Stop
1 pit (ID2) MPB bit bit (Data2) MPB  bit 1

(C

)) ) .
0| Do|Ds | [D7]1 1 |o0|Do|Dy| [Dr] 0|2 Iding

) )

(marking)

A

RDRF " /—\\ " ,—_L
S wh

e [ VT

Serial
data

RXI interrupt Reads RDR data with ID is that of station, MPIE bit
request the RXI interrupt SO reception setto 1
(multiprocessor processing routine continues unchanged  again
interrupt) generated, and clears and data is received
MPIE =0 RDRF bit to 0 by the RXI interrupt

processing routine

Example: Own ID matches data
Format: 8-bit data with multiprocessor bit and one stop bit

Figure 14.16 Example of SCI Receive Operation (cont)
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14.3.4  Clock Synchronous Operation

In the clock synchronous mode, the SCI transmits and receives data in synchronization with ¢
pulses. This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver are independent, so full-duplex communication is possible w
sharing the same clock. The transmitter and receiver are also double buffered, so continuous
transmitting or receiving is possible by reading or writing data while transmitting or receiving is
progress.

Figure 14.17 shows the general format in clock synchronous serial communication.

One unit of communication data (character or frame)

* A - *
syneheoni- || [ [ [ L] L] L L] L[]
zation clock
LSB MSB
Serial data Bit 0 )( Bit 1 )( Bit 2 )( Bit 3 )( Bit 4 )( Bit 5 )( Bit 6 )( Bit 7

Note: High except in continuous transmitting or receiving

Figure 14.17 Data Format in Clock Synchronous Communication

In clock synchronous serial communication, each data bit is output on the communication line
from one falling edge of the serial clock to the next. Data are guaranteed valid at the rising ed
the serial clock. In each character, the serial data bits are transmitted in order from the LSB (f
to the MSB (last). After output of the MSB, the communication line remains in the state of the
MSB. In the clock synchronous mode, the SCI transmits or receives data by synchronizing wit
the falling edge of the serial clock.

Communication Format: The data length is fixed at eight bits. No parity bit or multiprocessor b
can be added.
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Clock: An internal clock generated by the on-chip baud rate generator or an external clock in
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is sele
by the CA bit in the serial mode register (SCSMR) and bits CKE1 and CKEQO in the serial cor
register (SCSCR). See table 14.10.

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight
pulses are output per transmitted or received character. When the SCI is not transmitting or

receiving, the clock signal remains in the high state. When only receiving, the SCI receives ir
character units, so a 16 pulse synchronization clock is output. To receive in 1-character units
select an external clock source.

Transmitting and Receiving Data: SCI Initialization (clock synchronous mode). Before
transmitting, receiving, or changing the mode or communication format, the software must cl
the TE and RE bits to 0 in the serial control register (SCSCR), then initialize the SCI. Clearin
to 0 sets TDRE to 1 and initializes the transmit shift register (SCTSR). Clearing RE to 0, how
does not initialize the RDRF, PER, FER, and ORER flags and receive data register (SCRDR
which retain their previous contents.

Figure 14.18 is a sample flowchart for initializing the SCI. The procedure for initializing the St
is:

1. Select the clock source in the serial control register (SCSCR). Leave RIE, TIE, TEIE, MP
TE and RE cleared to 0.

2. Select the communication format in the serial mode register (SCSMR).

3. Write the value corresponding to the bit rate in the bit rate register (SCBRR) unless an ex
clock is used.

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in tl
serial control register (SCSCR) to 1. Also set RIE, TIE, TEIE and MPIE. Setting TE and R
allows use of the TxD and RxD pins.
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( Initialize >
I
Clear TE and RE bits in SCSCR to 0

Set RIE, TIE, TEIE, MPIE, CKEL1,
and CKEO bits in SCSCR (1)
(TE and RE are 0)

I
Set transmit/receive format in SCSMR | (2)

I
Set value in SCBRR 3)

Wait

A

Has a 1-bit No
period elapsed?

Set TE and RE bits in SCSCR to 1
and set RIE, TIE, TEIE, and MPIE bits | (4)

¢ o )

Note: Numbers refer to the preceding procedure.

Figure 14.18 Sample Flowchart for SCI Initialization

Transmitting Serial Data (Clock Synchronous Mode)Figure 14.19 shows a sample flowchart
for transmitting serial data. The procedure for transmitting serial data is:

1. SCI status check and transmit data write: Read the serial status register (SCSSR), check
the TDRE bit is 1, then write transmit data in the transmit data register (SCTDR) and clear
TDRE to 0.

2. To continue transmitting serial data: Read the TDRE bit to check whether it is safe to write
it reads 1); if so, write data in SCTDR, then clear TDRE to 0.
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( Start transmission

)

[
<

Read TDRE bit in SCSSR

1)

Yes

No

Write transmission data to SCTDR
and clear TDRE bit in SCSSR to 0

All data transmitted?

<&
il

@)

Read TEND bit in SCSSR

Yes

No

Clear TE bit in SCSCR to 0

< End transmission

)

Note:

Numbers refer to the preceding procedure.

Figure 14.19 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows:

1.

4,

The SCI monitors the TDRE bit in the SCSSR. When TDRE is cleared to 0 the SCI recogn
that the transmit data register (SCTDR) contains new data and loads this data from the SC
into the transmit shift register (SCTSR).

. After loading the data from the SCTDR into the SCTSR, the SCI sets the TDRE bit to 1 an

starts transmitting. If the transmit-data-empty interrupt enable bit (TIE) in the SCSCR is sef
1, the SCI requests a transmit-data-empty interrupt (TXI) at this time.

If clock output mode is selected, the SCI outputs eight synchronous clock pulses. If an ext
clock source is selected, the SCI outputs data in synchronization with the input clock. Data
output from the TxD pin in order from the LSB (bit 0) to the MSB (bit 7).

The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loads
data from the SCTDR into the SCTSR, then begins serial transmission of the next frame. I
TDRE is 1, the SCI sets the TEND bit in the SCSSR to 1, transmits the MSB, then holds th
transmit data pin (TxD) in the MSB state. If the transmit-end interrupt enable bit (TEIE) in tl
SCSCRis set to 1, a transmit-end interrupt (TEI) is requested at this time.

After the end of serial transmission, the SCK pin is held in the high state.

Figure 14.20 shows an example of SCI transmit operation.

Transfer direction
Synchronization
clock
LSB « MSB «
. . . U . . . "7 N .
Serial data Bit 0 X Bit1 X S X Bit 7 ) Bit0 X Bit 1 X S X Bit 6 X Bit 7
)
TDRE .
A A 7 A
TEND (( (( |_
7 " *
TXl interrupt | Writes datato TDR  TXl interrupt TEl interrupt
request with the TXI interrupt request request
generated processing routine  generated generated
and clears TDRE
bit to 0
D 1 frame |

Figure 14.20 Example of SCI Transmit Operation
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Receiving Serial Data (Clock Synchronous Mode)igure 14.21 shows a sample flowchart for
receiving serial data. When switching from the asynchronous mode to the clock synchronous
mode, make sure that ORER, PER, and FER are cleared to 0. If PER or FER is set to 1, the
bit will not be set and both transmitting and receiving will be disabled.

The procedure for receiving serial data is:

1. Receive error processing: If a receive error occurs, read the ORER bit in SCSSR to ident
error. After executing the necessary error processing, clear ORER to 0. Transmitting/rece
cannot resume if ORER remains set to 1.

2. SCI status check and receive data read: Read the serial status register (SCSSR), check 1
RDRF is set to 1, then read receive data from the receive data register (SCRDR) and cle:
RDRF to 0. The RXI interrupt can also be used to determine if the RDRF bit has changed
Oto 1.

3. To continue receiving serial data: Read SCRDR, and clear RDRF to 0 before the frame M
(bit 7) of the current frame is received.
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( Start reception >

‘I
|

Read ORER bit in SCSSR

Yes
ORER =17
No
@
Read RDRF bit in SCSSR @) ( Error processing >
No
Yes

Read receive data in SCRDR and 3
clear RDRF bitin SCSSRto 0 | 4

All data received?

Clear RE bitin SCSCRto 0
[

( End reception >

Note: Numbers refer to the preceding procedure.

Figure 14.21 Sample Flowchart for Serial Data Receiving
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< Error processing >

No

Yes

Overrun error processing

!

Clear ORER bitin SCSSR to 0
I

C w )

Figure 14.21 Sample Flowchart for Serial Data Receiving (cont)
In receiving, the SCI operates as follows:

1. The SCI synchronizes with serial clock input or output and initializes internally.

2. Receive data is shifted into the SCRSR in order from the LSB to the MSB. After receiving
data, the SCI checks that RDRF is 0 so that receive data can be loaded from the SCRSR
the SCRDR. If this check is passed, the SCI sets RDRF to 1 and stores the received data
SCRDR. If the check is not passed (receive error), the SCI operates as indicated in table
This state prevents further transmission or reception. While receiving, the RDRF bit is not
to 1. Be sure to clear the error flag.

3. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) is set to 1 in the
SCSCR, the SCI requests a receive-data-full interrupt (RXI). If the ORER bit is setto 1 ar
receive-data-full interrupt enable bit (RIE) in the SCSCR is also set to 1, the SCI requests
receive-error interrupt (ERI).

Figure 14.22 shows an example of the SCI receive operation.
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Transfer direction
-«

Synchronization mmw
clock
Sg‘gf‘a{ ~Xsit7 X BitOXf:’ X Bit7 X Bito X Bit1 X “ X Bit6 X Bit 7
" U

«

RDRF |_ ) | 7

A P
ORER / « \ « |_
/ U \ U ?
RXlinterrupt| Reads data with RXI interrupt ERI interrupt
request the RXI interrupt request request generated
generated processing routine generated by overrun error
and clears RDRF
bitto 0
D 1 frame

Figure 14.22 Example of SCI Receive Operation

Transmitting and Receiving Serial Data Simultaneously (Clock Synchronous Modefrigure
14.23 shows a sample flowchart for transmitting and receiving serial data simultaneously. The
procedure for setting the SCI to transmit and receive serial data simultaneously is:

1. SCI status check and transmit data write: Read the serial status register (SCSSR), check t

the TDRE bit is 1, then write transmit data in the transmit data register (SCTDR) and clear
TDRE to 0. The TXI interrupt can also be used to determine if the TDRE bit has changed f
Oto 1.

. Receive error processing: If a receive error occurs, read the ORER bit in SCSSR to identif
error. After executing the necessary error processing, clear ORER to 0. Transmitting/receiy
cannot resume if ORER remains set to 1.

. SCI status check and receive data read: Read the serial status register (SCSSR), check tf
RDRF is set to 1, then read receive data from the receive data register (SCRDR) and clea
RDRF to 0. The RXI interrupt can also be used to determine if the RDRF bit has changed |
Oto 1.

. To continue transmitting and receiving serial data: Read the RDRF bit and SCRDR, and cl
RDRF to 0 before the frame MSB (bit 7) of the current frame is received. Also read the TDI
bit to check whether it is safe to write (if it reads 1); if so, write data in SCTDR, then clear
TDRE to 0 before the MSB (bit 7) of the current frame is transmitted.
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( Start transmission/reception >

‘I
1

Read TDRE bit in SCSSR 1)

No

Yes

Write transmission data to SCTDR
and clear TDRE bit in SCSSR to 0

»)

Lt
Read ORER bitin SCSSR
Yes
ORER =17 | @

No ( Error processing >

Read RDRF bit in SCSSR ?3)
No
Yes

Read receive data of SCRDR (4)
and clear RDRF bitin SCSSRto 0

All data
transmitted/received?

No

Clear TE and RE bits
in SCSCRto 0
I

< End transmission/reception >

Notes: 1.Numbers refer to the preceding procedure.
2.1In switching from transmitting or receiving to simultaneous transmitting
and receiving, clear both TE and RE to 0, then set both TE and RE to 1.

Figure 14.23 Sample Flowchart for Serial Data Transmitting/Receiving
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14.4  SCI Interrupt Sources

The SCI has four interrupt sources in each channel: Transmit-end (TEI), receive-error (ERI),
receive-data-full (RXI), and transmit-data-empty (TXI). Table 14.13 lists the interrupt sources
indicates their priority. These interrupts can be enabled and disabled by the TIE, RIE, and TE
bits in the serial control register (SCSCR). Each interrupt request is sent separately to the inte
controller.

TXI is requested when the TDRE bit in the SCSSR is set to 1. TDRE is automatically cleared
when data is written in the transmit data register (SCTDR).

RXI is requested when the RDRF bit in the SCSSR is set to 1. RDRF is automatically cleared
when the receive data register (SCRDR) is read.

ERI is requested when the ORER, PER, or FER bit in the SCSSR is set to 1.

TEl is requested when the TEND bit in the SCSSR is set to 1. Where the TXI interrupt indicats
that transmit data writing is enabled, the TEI interrupt indicates that the transmit operation is
complete.

Table 14.13 SCI Interrupt Sources

Interrupt Source Description Priority When Reset Is Cleared
ERI Receive error (ORER, PER, or FER) High

RXI Receive data full (RDRF)

TXI Transmit data empty (TDRE) !

TEI Transmit end (TEND) Low

See section 4, Exception Processing, for information on the priority order and relationship to r
SCl interrupts.
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14.5 Notes on Use
Note the following points when using the SCI.

SCTDR Write and TDRE Flags: The TDRE bit in the serial status register (SCSSR) is a statu
flag indicating loading of transmit data from the SCTDR into the SCTSR. The SCI sets TDRE
when it transfers data from the SCTDR to the SCTSR. Data can be written to the SCTDR
regardless of the TDRE bit state. If new data is written in the SCTDR when TDRE is 0, howe
the old data stored in the SCTDR will be lost because the data has not yet been transferred
SCTSR. Before writing transmit data to the SCTDR, be sure to check that TDRE is set to 1.

Simultaneous Multiple Receive Errors:Table 14.14 indicates the state of the SCSSR status f
when multiple receive errors occur simultaneously. When an overrun error occurs, the SCRS
contents cannot be transferred to the SCRDR, so receive data is lost.

Table 14.14 SCSSR Status Flags and Transfer of Receive Data

SCSSR Status Flags Receive Data Transfer

Receive Error Status RDRF ORER FER PER SCRSR - SCRDR
Overrun error 1 1 0 0 X*1

Framing error 0 0 1 0 O*2

Parity error 0 0 0 1 (@)

Overrun error + framing error 1 1 1 0 X

Overrun error + parity error 1 1 0 1 X

Framing error + parity error 0 0 1 1 @]

Overrun error + framing error + parity error 1 1 1 1 X

Notes: 1. Receive data is not transferred from SCRSR to SCRDR.
2. Receive data is transferred from SCRSR to SCRDR.

Break Detection and ProcessingBreak signals can be detected by reading the RxD pin direct
when a framing error (FER) is detected. In the break state, the input from the RxD pin consis
all 0s, so FER is set and the parity error flag (PER) may also be set. In the break state, the S
receiver continues to operate, so if the FER bit is cleared to 0, it will be set to 1 again.

Sending a Break SignalThe TxD pin I/O condition and level can be determined by means of
SCPODT bit of the port SC data register (SCPDR) and bits SCPOMDO0 and SCPOMDL1 of the
SC control register (SCPCR). These bits can be used to send breaks. To send a break duri
serial transmission, clear the SCPODT bit to O (designating low level), then clear the TE bit tc
(halting transmission). When the TE bit is cleared to 0, the transmitter is initialized regardles
the current transmission state, and 0 is output from the TxD pin.
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TEND Flag and TE Bit Processing:The TEND flag is set to 1 during transmission of the stop b
of the last data. Consequently, if the TE bit is cleared to 0 immediately after setting of the TEI
flag has been confirmed, the stop bit will be in the process of transmission and will not be

transmitted normally. Therefore, the TE bit should not be cleared to O for at least 0.5 serial cl
cycles (or 1.5 cycles if two stop bits are used) after setting of the TEND flag setting is confirm

Receive Error Flags and Transmitter Operation (Clock Synchronous Mode Only)When a
receive error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting even if
TDRE is set to 1. Be sure to clear the receive error flags to 0 before starting to transmit. Note
clearing RE to 0 does not clear the receive error flags.

Receive Data Sampling Timing and Receive Margin in the Asynchronous Modkn the
asynchronous mode, the SCI operates on a base clock of 16 times the transfer rate frequency
receiving, the SCI synchronizes internally with the falling edge of the start bit, which it sample:
the base clock. Receive data is latched on the rising edge of the eighth base clock pulse (figu
14.24).

P 16 clocks

) 8 clocks
]

0123456 78 91011121314150 1 23 456 7 8 91011121314150 1 2 34 5
Basic

clock

;‘
r‘

. —7.5clocks ::+7.5clocks

Receive —|

data (RxD) Startbit il DO | I b1

Synchro-
nization
sampling
timing

Data s s
sampling v v
timing

Figure 14.24 Receive Data Sampling Timing in Asynchronous Mode
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The receive margin in the asynchronous mode can therefore be expressed as in equation 1.

Equation 1:

M = ‘(0.5 - ij —(L-05)F -

ID-05l; | ] x 1000
2N N

Where:

M = Receive margin%)

N = Ratio of clock frequency to bit rate éN16)
D = Clock duty cycle (D= 0-1.0)

L = Frame length (= 9-12)

F = Absolute deviation of clock frequency

From equation 1, if E 0 and D= 0.5, the receive margin is 46.875%, as in equation 2.

Equation 2:

M = (0.5 - 1/(2 x 16)) x 100%
= 46.875%

This is a theoretical value. A reasonable margin to allow in system designs is 20—-30%.
Cautions for Clock Synchronous External Clock Mode:

e Set TE= RE=1 only when the external clock SCK is 1.
¢ Do not set TE= RE= 1 until at least four clocks after the external clock SCK has changed
from O to 1.

¢ When receiving, RDRF is 1 when RE is set to zero 2.5-3.5 clocks after the rising edge of
SCK input of the D7 bit in RxD, but it cannot be copied to SCRDR.

Caution for Clock Synchronous Internal Clock Mode:When receiving, RDRF is 1 when RE is
set to zero 1.5 clocks after the rising edge of the SCK output of the D7 bit in RxD, but it cann
copied to SCRDR.
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Section 15 Smart Card Interface

15.1 Overview

As an added serial communications interface function, the SCI supports an IC card (smart ce
interface that conforms to the data transfer protocol (asynchronous half-duplex character
transmission protocol) of the ISO/IEC standard 7816-3 for identification of cards. Register se
are used to switch between the ordinary serial communication interface and the smart card
interface.

15.1.1 Features
The smart card interface has the following features:

e Asynchronous mode

Data length: Eight bits

Parity bit generation and check

Receive mode error signal detection (parity error)

Transmit mode error signal detection and automatic re-transmission of data
Supports both direct convention and inverse convention

e Bitrate can be selected using on-chip baud rate generator.

e Three types of interrupts: Transmit-data-empty, receive-data-full, and communication-errc
interrupts are requested independently.

I I R o [ |
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15.1.2 Block Diagram

Figure 15.1 shows a block diagram of the smart card interface.

| — |
| R
| Q !
| I |
| & | -~ Internal
| Module data bus 2 data bus
! £
’ J 18
I [a1] :
| |
i [ SCRDR | [ SCTDR | SCSCMR [ SCBRR !
i SCSSR !
! SCSCR i
|
: SCSMR Baud rate |«—+—Pg
i _ generator |
RxD—» | SCRSR || | SCTSR Transmit/ <« Pg/4
LA receive 1 P@16
[ control |
< «—— | P@64
< |
| Parity generation | 1 $ clock | ¢ !
|
Parity check '
. E y External clock |
SCK <« 1 : -
| Ly TXI
! » RXI
. > ERI
S 0 0V SCl-——— e ;
Legend:

SCSCMR: Smart card mode register
SCRSR: Receive shift register
SCRDR: Receive data register
SCTSR: Transmit shift register
SCTDR: Transmit data register
SCSMR: Serial mode register
SCSCR: Serial control register
SCSSR: Serial status register
SCBRR: Bit rate register

Figure 15.1 Smart Card Interface Block Diagram
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15.1.3 Pin Configuration
Table 15.1 summarizes the smart card interface pins.

Table 15.1 SCI Pins

Pin Name Abbreviation /0 Function

Serial clock pin SCKO Output Clock output
Receive data pin RxDO Input Receive data input
Transmit data pin TxDO Output Transmit data output

15.1.4 Register Configuration

Table 15.2 summarizes the registers used by the smart card interface. The SCSMR, SCBRF
SCSCR, SCTDR, and SCRDR registers are the same as in the ordinary SCI function. They ¢
described in section 14, Serial Communication Interface.

Table 15.2 Registers

Name Abbreviation R/W Initial Value* ° Address Access Size
Serial mode register SCSMR R/W H'00 H'FFFFFE80 8
Bit rate register SCBRR R/W H'FF H'FFFFFE82 8
Serial control register SCSCR R/W H'00 H'FFFFFE84 8
Transmit data register SCTDR R/W H'FF H'FFFFFE86 8
Serial status register SCSSR R/(W)*" H'84 H'FFFFFE88 8
Receive data register SCRDR R H'00 H'FFFFFESA 8
Smart card mode register SCSCMR R/W H'00*? H'FFFFFESC 8

Notes: 1. Only O can be written, to clear the flags.
2. Bits 0, 2, and 3 are cleared. The value of the other bits is undefined.
3. Initialized by a power-on or manual reset.
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15.2  Register Descriptions

This section describes the registers added for the smart card interface and the bits whose fun
are changed.

15.2.1  Smart Card Mode Register (SCSCMR)

The smart card mode register (SCSCMR) is an 8-bit read/write register that selects smart cart
interface functions. SCSCMR bits 0, 2, and 3 are initialized to H'00 by a reset and in standby
mode.

Bitt 7 6 5 4 3 2 1 0

. — | — | — | — | soRrR | s\ | — | swmF |
Initial value: — — — — 0 0 — 0
RW: R R R R RW  RW R RIW

Bits 7 to 4 and 1—ReservedThese bits are always read as 0. The write value should always t
0.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion
format.

Bit 3: SDIR Description

0 Contents of SCTDR are transferred as LSB first, receive data is stored in
SCRDR as LSB first. (Initial value)

1 Contents of SCTDR are transferred as MSB first, receive data is stored in

SCRDR as MSB first.

Bit 2—Smart Card Data Inversion (SINV): Specifies whether to invert the logic level of the
data. This function is used in combination with bit 3 for transmitting and receiving with an inve
convention card. SINV does not affect the logic level of the parity bit. See section 15.3.4, Reg
Settings, for information on how parity is set.

Bit 2: SINV Description

0 Contents of SCTDR are transferred unchanged, receive data is stored in
SCRDR unchanged. (Initial value)

1 Contents of SCTDR are inverted before transfer, receive data is inverted

before storage in SCRDR.
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Bit 0—Smart Card Interface Mode Select (SMIF):Enables the smart card interface function.

Bit 0 : SMIF Description
0 Smart card interface function disabled (Initial value)
1 Smart card interface function enabled

15.2.2  Serial Status Register (SCSSR)

In the smart card interface mode, the function of SCSSR bit 4 is changed. The setting condit
for bit 2, the TEND bit, are also changed.

Bitt 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER [FERIERY PER | TEND | MPB | MPBT |
Initial value: 1 0 0 0 0 1 0 0
RW: RIW)* RIW)* RIW)* RIW)* R(Wy* R R RIW

Note: Only O can be written, to clear the flag.

Bits 7 to 5—These bits have the same function as in the ordinary SCI. See section 17, Serial
Communication Interface (SCI), for more information.

Bit 4—Error Signal Status (ERS): In the smart card interface mode, bit 4 indicates the state ©
the error signal returned from the receiving side during transmission. The smart card interfac
cannot detect framing errors.

Bit 4: ERS Description

0 Receiving ended normally with no error signal. (Initial value)

ERS is cleared to 0 when the chip is reset or enters standby mode, or when
software reads ERS after it has been set to 1, then writes O in ERS.

1 An error signal indicating a parity error was transmitted from the receiving side.
ERS is set to 1 if the error signal sampled is low.
Note: The ERS flag maintains its state even when the TE bit in SCSCR is cleared to 0.

517
HITACHI



Bits 3 to 0—These bits have the same function as in the ordinary SCI. See section 17, Serial
Communication Interface (SCI), for more information. The setting conditions for bit 2, the
transmit end bit (TEND), are changed as follows.

Bit 2: TEND Description

0 Transmission is in progress.
TEND is cleared to 0 when software reads TDRE after it has been set to 1, then
writes 0 in TDRE.

1 End of transmission. (Initial value)

TEND is set to 1 when:

« the chip is reset or enters standby mode,

e the TE bitin SCSCR is 0 and the FER/ERS bit is also O,

« the C/A bitin SCSMR is 0, and TDRE = 1 and FER/ERS = 0 (normal
transmission) 2.5 etu after a one-byte serial character is transmitted, or

e the C/A bitin SCSMR is 1, and TDRE = 1 and FER/ERS = 0 (normal
transmission) 1.0 etu after a one-byte serial character is transmitted.

Note: etu is an abbreviation of elementary time unit, which is the period for the transfer of 1 bit.

15.3  Operation

15.3.1 Overview

The primary functions of the smart card interface are described below.

1. Each frame consists of 8-bit data and 1 parity bit.

2. During transmission, the card leaves a guard time of at least 2 etu (elementary time units:
period for 1 bit to transfer) from the end of the parity bit to the start of the next frame.

3. During reception, the card outputs an error signal low level for 1 etu after 10.5 etu has elay
from the start bit if a parity error was detected.

4. During transmission, it automatically transmits the same data after allowing at least 2 etu fi
the time the error signal is sampled.

5. Only start-stop type asynchronous communication functions are supported; no synchronot
communication functions are available.

518

HITACHI



15.3.2 Pin Connections

Figure 15.2 shows the pin connection diagram for the smart card interface. During communic
with an IC card, transmission and reception are both carried out over the same data transfer
so connect the TxD and RxD pins on the chip. Pull up the data transfer line to the power sup
Vcc side with a resistor.

When using the clock generated by the smart card interface on an IC card, input the SCK pir
output to the IC card’s CLK pin. This connection is not necessary when the internal clock is
on the IC card.

Use the chip’s port output as the reset signal. Apart from these pins, the power and ground
connections are usually also required.

Note: When the IC card is not connected and both RE and TE are set to 1, closed commun
is possible and auto-diagnosis can be performed.

Vee
XD
® 10
Data line
RxD
SCK Clock line
CLK
Px (port Reset line
LSl (por) RST
Connected device IC card

Figure 15.2 Pin Connection Diagram for the Smart Card Interface
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15.3.3 Data Format

Figure 15.3 shows the data format for the smart card interface. In this mode, parity is checkec
every frame while receiving and error signals sent to the transmitting side whenever an error i
detected so that data can be re-transmitted. During transmission, error signals are sampled a
re-transmitted whenever an error signal is detected.

With no parity error

Ds | DO| D1 | D2 | D3| D4 | D5 | D6 | D7 | Dp

Transmitting station output

A
\ 4

With parity error

Ds | DO | D1 | D2 | D3| D4 | D5 | D6 | D7 | Dp DE

Transmitting station output

1
Bl

A

»

\ 4

Receiving
station output
Ds: Start bit
D0-D7: Data bits
Dp: Parity bit

DE: Error signal

Figure 15.3 Data Format for Smart Card Interface
The operating sequence is:

1. The data line is high impedance when not in use and is fixed high with a pull-up resistor.

2. The transmitting side starts one frame of data transmission. The data frame starts with a s
bit (Ds, low level). The start bit is followed by eight data bits (D0-D7) and a parity bit (Dp).

3. On the smart card interface, the data line returns to high impedance after this. The data lin
pulled high with a pull-up resistor.

4. The receiving side checks parity. When the data is received normally with no parity errors,
receiving side then waits to receive the next data. When a parity error occurs, the receiving
side outputs an error signal (DE, low level) and requests re-transfer of data. The receiving
station returns the signal line to high impedance after outputting the error signal for a speci
period. The signal line is pulled high with a pull-up resistor.
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5. The transmitting side transmits the next frame of data unless it receives an error signal. If
does receive an error signal, it returns to step 2 to re-transmit the erroneous data.

15.3.4 Register Settings

Table 15.3 shows the bit map of the registers that the smart card interface uses. Bits shown
0 must be set to the indicated value. The settings for the other bits are described below.

Table 15.3 Register Settings for the Smart Card Interface

Register  Address Bit 7 Bit 6 Bit 5 Bit 4 Bit3 Bit2 Bit 1 Bit 0
SCSMR H'FFFFFES0 C/A 0 1 O/E 1 0 CKS1 CKSO
SCBRR HFFFFFE82 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCSCR H'FFFFFE84 TIE RIE TE RE 0 0 CKE1 CKEO
SCTDR HFFFFFE86 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SCSSR H'FFFFFE88 TDRE RDRF ORER FER/ PER TEND O 0
ERS
SCRDR HFFFFFESBA RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCSCMR H'FFFFFE8C — — — — SDIR SINV  — SMIF

Note: Dashes indicate unused bits.

1. Setting the serial mode register (SCSMR): Th& kit selects the set timing of the TEND flag
and selects the clock output state with the combination of bits CKE1 and CKEOQ in the ser
control register (SCSCR). Set theBdit to 0 when the IC card uses the direct convention o
to 1 when it uses the inverse convention. Select the on-chip baud rate generator clock so
with the CKS1 and CKSO bits (see section 15.3.5, Clock).

2. Setting the bit rate register (SCBRR): Set the bit rate. See section 15.3.5, Clock, to see h
calculate the set value.

3. Setting the serial control register (SCSCR): The TIE, RIE, TE and RE bits function as the
for the ordinary SCI. See section 17, Serial Communication Interface (SCK), for more
information. The CKEDO bit specifies the clock output. When no clock is output, set 0; whei
clock is output, set 1.

4. Setting the smart card mode register (SCSCMR): The SDIR and SINV bits are both set tc
IC cards that use the direct convention and both to 1 when the inverse convention is usec
SMIF bit is set to 1 for the smart card interface.

Figure 15.4 shows sample waveforms for register settings of the two types of IC cards (direc
convention and inverse convention) and their start characters.
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In the direct convention type, the logical 1 level is state Z, the logical O level is state A, and
communication is LSB first. The start character data is H'3B. The parity bit is even (from the
smart card standards), and thus 1.

In the inverse convention type, the logical 1 level is state A, the logical O level is state Z, and
communication is MSB first. The start character data is H'3F. The parity bit is even (from the
smart card standards), and thus 0, which corresponds to state Z.

Only data bits D7-DO0 are inverted by the SINV bit. To invert the parity bit, set EabiOh
SCSMR to odd parity mode. This applies to both transmission and reception.

@ A 2z zZ A zZ Z Z A A Z (2 State

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

a. Direct convention (SDIR, SINV, and O/E are all 0)

@ A zZ zZ A A A A A A Z (2 State

Ds | D7 D6 | D5 D4 D3 D2 D1 DO | Dp

b. Inverse convention (SDIR, SINV, and OJE are all 1)

Figure 15.4 Waveform of Start Character

15.3.5 Clock

Only the internal clock generated by the on-chip baud rate generator can be used as the
communication clock in the smart card interface. The bit rate for the clock is set by the bit rate
register (SCBRR) and the CKS1 and CKSO bits in the serial mode register (SCSMR), and is
calculated using the equation below. Table 15.5 shows sample bit rates. If clock output is ther
selected by setting CKEO to 1, a clock with a frequency 372 times the bit rate is output from th
SCKaO pin.

B= Py x 106
1488 x 2201 x (N + 1)

Where:
N = Value set in SCBRR (8 N < 255)
B = Bit rate (bit/s)
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Po = Peripheral module operating frequency (MHz)

n = 0-3 (table 15.4)

Table 15.4 Relationship of n to CKS1 and CKSO

n CKsS1 CKSO
0 0 0
1 0 1
2 1 0
3 1 1

Table 15.5 Examples of Bit Rate B (Bit/s) for SCBRR Settings ¢ 0)

P@ (MHz)
N 7.1424 10.00 10.7136  13.00 14.2848  16.00 18.00
0 9600.0 13440.9 14400.0 17473.1 19200.0 21505.4 24193.5
1 4800.0 6720.4 7200.0 8736.6 9600.0 10752.7 12096.8
2 3200.0 4480.3 4800.0 5824.4 6400.0 7168.5 8064.5
Note: The bit rate is rounded to two decimal places.

Calculate the value to be set in the bit rate register (SCBRR) from the operating frequency al
bit rate. N is an integer in the range 0l < 255, specifying a smallish error.

T 1488 x 221 x B

x 106 -1

Table 15.6 Examples of SCBRR Settings for Bit Rate B (Bit/s) @ 0)

¢ (MHz) (9600 Bits/s)

7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00
N  Error N Error N Error N Error N Error N  Error Error
0 0.00 1 30.00 1 25.00 1 8.99 1 0.00 1 1201 2 15.99
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Table 15.7 Maximum Bit Rates for Frequencies (Smart Card Interface Mode)

P@ (MHz) Maximum Bit Rate (Bit/s) N n

7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0

The bit rate error is found as follows:

Error (%) = ( Py x 106 — 1) x 100
1488 x 221 x B x (N + 1)

Table 15.8 shows the relationship between transmit/receive clock register set values and outp
states on the smart card interface.

Table 15.8 Register Set Values and SCK Pin

Register Value SCK Pin
Setting SMIF C/A CKE1l CKEO Output State
1*1 1 0 0 0 Port Determined by setting of port

register SCP1MD1 and
SCP1MDO bits

1 0 0 1 UL SCK (serial clock) output state
2%2 1 1 0 0 Low output Low output state

1 1 0 1 UL SCK (serial clock) output state
3*2 1 1 1 0 High output  High output state

1 1 1 1 UL SCK (serial clock) output state

Notes: 1. The SCK output state changes as soon as the CKEO bit is modified. The CKE1 bit
should be cleared to 0.

2. The clock duty remains constant despite stopping and starting of the clock by
modification of the CKEO bit.
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15.3.6  Data Transmission and Reception

Initialization: Initialize the SCI using the following procedure before sending or receiving dat
Initialization is also required for switching from transmit mode to receive mode or from receiv
mode to transmit mode. Figure 15.5 shows a flowchart of the initialization process.

1.
2.
3.

Clear TE and RE in the serial control register (SCSCR) to 0.

Clear error flags FER/ERS, PER, and ORER to 0 in the serial status register (SCSSR).
Set the &K bit, parity bit (OE bit), and baud rate generator select bits (CKS1 and CKSO bit
in the serial mode register (SCSMR). At this time also clear the CHR and MP bits to 0 anc
the STOP and PE bits to 1.

Set the SMIF, SDIR, and SINV bits in the smart card mode register (SCSCMR). When the
SMIF bit is set to 1, the TxD and RxD pins both switch from ports to SCI pins and become
high impedance.

Set the value corresponding to the bit rate in the bit rate register (SCBRR).

Set the clock source select bits (CKE1 and CKEDO bits) in the serial control register (SCSC
Clear the TIE, RIE, TE, RE, MPIE, and TEIE bits to 0. When the CKEO bit is set to 1, a cl
is output from the SCK pin.

After waiting at least 1 bit, set the TIE, RIE, TE, and RE bits in SCSCR. Do not set the TE
RE bits simultaneously unless performing auto-diagnosis.
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Note:

< Initialize >

interval elapsed?

Set SCSCR’s
TIE, RIE, TE, and RE bits

( cna )

Clear TE and RE bits in SCSCRto 0 | (1)
I
Clear SCSSR’s FER/ERS, )
PER and ORER flags to 0
I
Set SCSMR’s O/E bit to parity,
set CKS1 and CKSO0 bits to 3)
the clock and set C/A
I
Set SCSMR's SMIF, SDIR, 4)
and SINV bits
I
Set value in SCBRR (5)
I
Set SCSCR’s CKE1 and CKEOQ bits
to the clock and clear TIE, RIE, (6)
TE, RE, MPIE, and TEIE bits to 0
P Wait
Has a 1-bit No

()

Numbers refer to the preceding procedure.

Figure 15.5

HITACHI
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Serial Data Transmission:The processing procedures in the smart card mode differ from
ordinary SCI processing because data is retransmitted when an error signal is sampled durir
data transmission. This results in the transmission processing flowchart shown in figure 15.6

DR

Initialize the smart card interface mode as described in initialization above.
Check that the FER/ERS bit in SCSSR is cleared to 0.
Repeat steps 2 and 3 until the TEND flag in SCSSR is set to 1.

Write the transmit data into SCTDR, clear the TDRE flag to 0 and start transmitting. The
TEND flag will be cleared to 0.

5. To transmit more data, return to step 2.

6.

To end transmission, clear the TE bit to 0.

This processing can be interrupted. When the TIE bit is set to 1 and interrupt requests are er
a transmit-data-empty interrupt (TXI) will be requested when the TEND flag is set to 1 at the
of the transmission. When the RIE bit is set to 1 and interrupt requests are enabled, a
communication error interrupt (ERI) will be requested when the ERS flag is set to 1 when an
occurs in transmission. See Interrupt Operation below for more information.
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( Start >
|
Initialize @)
|
< Start transmission >
]
2
No
FER/ERS =07
A4
4 . >
< Error processin
I\ p g
No
(3)
Yes
Write transmit data in SCTDR
and clear TDRE 4)
flag in SCSSR to 0
All data transmitted? (5)
No
FER/ERS =07
Yes / Y
< Error processin >
I\ p g
No
Yes
Clear TE bitin SCSCR to 0 (6)

C

End transmission

)

Note:

Numbers refer to the preceding procedure.
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Serial Data Reception:The processing procedures in the smart card mode are the same as ir
ordinary SCI processing. The reception processing flowchart is shown in figure 15.7.

=

Initialize the smart card interface mode as described above in Initialization and in figure 1

Check that the ORER and PER flags in SCSSR are cleared to 0. If either flag is set, cleal
to 0 after performing the appropriate error processing procedures.

Repeat steps 2 and 3 until the RDRF flag is set to 1.

Read the receive data from SCRDR.

To receive more data, clear the RDRF flag to 0 and return to step 2.
To end reception, clear the RE bit to O.

N

o0k~ W

This processing can be interrupted. When the RIE bit is set to 1 and interrupt requests are el
a receive-data-full interrupt (RXI) will be requested when the RDRF flag is set to 1 at the end
the reception. When an error occurs during reception and either the ORER or PER flag is se
a communication error interrupt (ERI) will be requested. See Interrupt Operation below for m
information.

The received data will be transferred to SCRDR even when a parity error occurs during rece
and PER is set to 1, so this data can still be read.
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C s )

Initialize (1)
|

< Start reception >

;l
L

(2
No

ORER =0 or PER = 0?

Yes Y
4 -
S Error processing

A

No
3

Yes

Write receive data from
SCRDR and clear 4)
RDRF flag in SCSSR to 0

All data received?

(®)

Clear RE bitin SCSCR to 0 (6)

( End reception >

Note: Numbers refer to the preceding procedure.

Figure 15.7 Reception Flowchart (Example)
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Switching Modes:When switching from receive mode to transmit mode, check that the receiv
operation is completed before starting initialization and setting RE to 0 and TE to 1. The RDF
PER, and ORER flags can be used to check if reception is completed. When switching from
transmit mode to receive mode, check that the transmit operation is completed before startin
initialization and setting TE to 0 and RE to 1. The TEND flag can be used to check if transmi
is completed.

Interrupt Operation: In the smart card interface mode, there are three types of interrupts:
transmit-data-empty (TXI), communication error (ERI) and receive-data-full (RXI). In this moc
the transmit-end interrupt (TEI) cannot be requested.

Set the TEND flag in SCSSR to 1 to request a TXI interrupt. Set the RDRF flag in SCSSR to
request an RXI interrupt. Set the ORER, PER, or FER/ERS flag in SCSSR to 1 to request an
interrupt (table 15.9).

Table 15.9 Smart Card Mode Operating State and Interrupt Sources

Mode State Flag Mask Bit  Interrupt Source
Transmit mode Normal TEND TIE TXI
Error FER/ERS RIE ERI
Receive mode Normal RDRF RIE RXI
Error PER, RIE ERI
ORER

15.4  Usage Notes

When the SCl is used as a smart card interface, be sure that all criteria in sections 15.4.1 an
15.4.2 are applied.

15.4.1 Receive Data Timing and Receive Margin in Asynchronous Mode

In asynchronous mode, the SCI runs on a basic clock with a frequency of 372 times the tran:
rate. During reception, the SCI samples the falling of the start bit using the base clock to ach
internal synchronization. Receive data is latched internally on the rising edge of the 186th ba
clock cycle (figure 15.8).
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372 clock cycles R
186 clock cycles
-«
0 185 3710 185 3710
Base clock [ MUIATLIUULUUST LU U LIS S
. Start - s s s
Receive .
data (RXI\IS) L6 bit % | Y DO )) Y
Synchro-
nization s s
sampling ¥ ) H%% 6
timing
Data L s
sampling ) [V ) ) [v )
timing

Figure 15.8 Receive Data Sampling Timing in Smart Card Mode
The receive margin is found from the following equation:

For smart card mode:

M = (0.5—%)—(L—0.5)F—|D?\|—0'5|(1+F) x 100%

Where:

M = Receive margin (%)

N = Ratio of bit rate to clock (N 372)

D =Clock duty (D=0 to 1.0)

L = Frame length (1= 10)

F = Absolute value of clock frequency deviation

Using this equation, the receive margin when@®and D= 0.5 is as follows:

M = (0.5 — 1/2 x 372) x 100% = 49.866%
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15.4.2 Retransmission (Receive and Transmit Modes)

Retransmission by the SCI in Receive ModéFigure 15.9 shows the retransmission operation |
the SCI receive mode.

1.

When the received parity bit is checked and an error is found, the PER bit in SCSSR is
automatically set to 1. If the RIE bit in SCSCR is enabled at this time, an ERI interrupt is
requested. Be sure to clear the PER bit before the next parity bit is sampled.

The RDRF bit in SCSSR is not set in the frame that caused the error.

When the received parity bit is checked and no error is found, the PER bit in SCSSR is n
When the received parity bit is checked and no error is found, reception is considered to |
been completed normally and the RDRF bit in SCSSR is automatically set to 1. If the RIE
in SCSCR is enabled at this time, an RXI interrupt is requested.

When a normal frame is received, the pin maintains a three-state state when it transmits
error signal.

‘ nth transfer frame Retransmitted frame Transfer frame n + 1

;‘4
r V“

DE
—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|DphE,—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|(TT)|Ds Do|p1|p2|D3|p4

RDRF ,—\—
t2 ta

PER |
! 43

;‘4
rr

Figure 15.9 Retransmission in SCI Receive Mode
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Retransmission by the SCI in Transmit Mode:Figure 15.10 shows the retransmission operatiol
in the SCI transmit mode.

1. After transmission of one frame is completed, the FER/ERS bit in SCSSR is set to 1 when
error signal is returned from the receiving side. If the RIE bit in SCSCR is enabled at this ti
an ERI interrupt is requested. Be sure to clear the FER/ERS bit before the next parity bit is
sampled.

2. The TEND bit in SCSSR is not set in the frame that received the error signal that indicated
error.

3. The FER/ERS bit in SCSSR is not set when no error signal is returned from the receiving

4. When no error signal is returned from the receiving side, the TEND bit in SCSSR is set to |
when the transmission of the frame that includes the retransmission is considered complet
the TIE bit in SCSCR is enabled at this time, a TXI interrupt will be requested.

‘ Retransmitted frame Transfer framen + 1

nth transfer frame

‘4
F

DE
—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|‘|%,_|Ds|D0|Dl|D2|D3|D4|D5|D6|D7|Dp|L|DS po|p1]p2|p3|p4

|
|

| TDRE } L]

T Transfer from TDR to TRS | T Transfer from TDR to TRS T Transfer from
|

TEND | = TDR to TRS
4o 4

FER/ERS

t1 43

Figure 15.10 Retransmission in SCI Transmit Mode

15.4.3  Block Transfer Mode Support

This smart card interface conforms to the T = 0 (character transfer) protocols of ISO/IEC7816:
As a result, this smart card interface does not support block transfer, in which error signals are
neither sent nor detected, and data is not automatically retransmitted.
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Section 16 Serial Communication Interface with FIFO
(SCIF)

16.1 Overview

This LSI has two-channel serial communication interface with FIFO (SCIF) that supports
asynchronous serial communication. It also has 16-stage FIFO registers for both transfer anc
receive that enables this LSI efficient high-speed continuous communication.

16.1.1 Features

¢ Asynchronous serial communication:

0 Serial data communications are performed by start-stop in character units. The SCI ca
communicate with a universal asynchronous receiver/transmitter (UART), an asynchrc
communication interface adapter (ACIA), or any other communications chip that empl
a standard asynchronous serial system. There are eight selectable serial data
communication formats.

Data length: Seven or eight bits

Stop bit length: One or two bits

Parity: Even, odd, or none

Receive error detection: Parity and framing errors

Break detection: Break is detected when the receive data next the generated framing «
the spaceplevel and has the framing error. It is also detected by reading the RxD level
directly from the port SC data register (SCPDR) when a framing error occurs

¢ Full duplex communication: The transmitting and receiving sections are independent, so
SCI can transmit and receive simultaneously. Both sections use 16-stage FIFO buffering,
high-speed continuous data transfer is possible in both the transmit and receive direction:

e On-chip baud rate generator with selectable bit rates

* Internal or external transmit/receive clock source: From either baud rate generator (intern
SCK pin (external)

¢ Four types of interrupts: Transmit-FIFO-data-empty, break, receive-FIFO-data-full, and
receive-error interrupts are requested independently. The direct memory access controlle
(DMAC) can be activated to execute a data transfer by a transmit-FIFO-data-empty or rec
FIFO-data-full interrupt.

¢ When the SCIF is not in use, it can be stopped by halting the clock supplied to it, saving
power.

¢ On-chip modem control functions (RTS and CTS)

* The quantity of data in the transmit and receive FIFO registers and the number of receive
errors of the receive data in the receive FIFO register can be known.

« The time-out error (DR) can be detected in receiving.

|
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16.1.2

Block Diagram

Figure 16.1 shows a block diagram of the SCI.

Module data bus

(O]

(&)

1]

=

Q Internal
£ data bus
1)

=}

m

|
I
|
SCPCR |
SCFRDR| | SCFTDR SCFDR |
(16 (16 SCFDR [ SCBRR i
stages) stages) SCFCR :
9 Igl SCSSR :
, SCSCR Baud retlte 4—.—: P
I enerator
RxD —»] [ SCRSR ][ | sCTsSR SCSMR J <« P4
'y Transmit/ ' pa16
: receive D @
. I control <—:—P(p/64
XD <
| Parity generation| 4 } clock | 4 !
| Parity check :
I External clock !
SCK <! :
I +—» TEI
! > TXI
I +—» RXI
i > BVR
———————————————————————————————————— SCIF -——-----——-+
Legend
SCRSR: Receive shift register SCSSR: Serial status register
SCFRDR: Receive FIFO data register SCBRR: Bit rate register
SCTSR: Transmit shift register SCFCR: FIFO control register
SCFTDR: Transmit FIFO data register SCFDR: Number of FIFO data register
SCSMR: Serial mode register SCPDR: Port SC data register
SCSCR: Serial control register SCPCR: Port SC control register
Figure 16.1 SCIF Block Diagram
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Figures 16.2 to 16.4 show the SCIF 1/O ports.

SCIF pin I/O and data control is performed by bits 11-8 of SCPCR and bits 5 and 4 of SCPL
For details, see section 14.2.8.

Reset

I
R

D
SCP5MDO
Q

C

I
PCRW
Relset

Internal data bus

R
Q D

40@ SCP5MD1

C SCIF
| _______________
PCRW

Clock input enable
Reset

I
SCPT[5)/SCK2 O— R

Q D
SCP5DT1

\V/ i

PDRW

Output enable

Serial clock output

A4

£

PDRR*

Serial clock input

Legend:
PDRW: SCPDR write

PDRR: SCPDR read
PCRW: SCPCR write

Note: * When reading the SCK2 pin, clear the C/A bit in SCSMR and the CKE1 and CKEO
bits in SCSCR to 0, and set the SCP5MD1 bit in SCSPR to 1 (see section 19.2.8).

Figure 16.2 SCPT[5]/SCK2 Pin
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SCPT[4]/TXD2 0—

Reset

R

D
SCP4MDO
Q

Cc

I
PCRW
Relset

R
Q D

SCP4MD1
C

]

I
PCRW

Reset

R

K

Q D
SCP4DT1
C
|

PDRW

nternal data bus

Output enable

Legend:

PCRW: SCPCR write
PDRW: SCPDR write

Serial
transmission
output

Figure 16.3 SCPT[4]/TxD2 Pin
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SCPT[4)/RXD2

Legend: PDRR*

PDRR: SCPDR read

Serial
receive
data

Internal data bus

Note: * When reading the RxD2 pin, set the RE bit in SCSCR to 1.

Figure 16.4 SCPT[4]/RxD2 Pin

16.1.3  Pin Configuration

The SCIF has the serial pins summarized in table 16.1.

Table 16.1 SCIF Pins

Pin Name Abbreviation /O Function

Serial clock pin SCK2 I/O Clock 110

Receive data pin RxD2 Input Receive data input
Transmit data pin TxD2 Output Transmit data output
Request to send pin RTS2 Output Request to send
Clear to send pin CTS2 Input Clear to send

HITACHI
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16.1.4  Register Configuration

Table 16.2 summarizes the SCIF internal registers. These registers specify the data format ar
rate, and control the transmitter and receiver sections.

Table 16.2 Registers

Register Name Abbreviation R/'W Initial Value Address Access size

Serial mode register 2 SCSMR2 R/W H'00 H'04000150 8 bits
(H'A4000150)*

Bit rate register 2 SCBRR2 R/W H'FF H'04000152 8 bits
(H'A4000152)*

Serial control register 2 SCSCR2 R/W H'00 H'04000154 8 bits
(H'A4000154)**

Transmit FIFO data register 2 SCFTDR2 W — H'04000156 8 bits
(H'A4000156)*

Serial status register 2 SCSSR2 R/(W)**  H'0060 H'04000158 16 bits
(H'A4000158)*

Receive data FIFO register 2 SCFRDR2 R Undefined H'0400015A 8 hits
(H'A400015A)*?

FIFO control register 2 SCFCR2 R/W H'00 H'0400015C 8 bits
(H'A400015C)*?

FIFO data count set register 2 SCFDR2 R H'0000 H'0400015E 16 bits
(H'A400015E)*?

Notes: These registers are located in area 1 of the physical space. When the cache is enabled,
either access these registers from the P2 area in the virtual space, or make appropriate
settings by the MMU so that these registers are not cached.

1. Only 0 can be written to clear the flag.

2. When address translation by the MMU does not apply, the address in parentheses
should be used.

16.2  Register Descriptions

16.2.1 Receive Shift Register (SCRSR)

The receive shift register (SCRSR) receives serial data. Data input at the RxD pin is loaded in
the SCRSR in the order received, LSB (bit 0) first, converting the data to parallel form. When
byte has been received, it is automatically transferred to the SCFRDR, which is a receive FIF(
register. The CPU cannot read or write the SCRSR directly.
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Bit: 7 6 5 4 3 2 1 0

RIW:  — — — — — — — —

16.2.2 Receive FIFO Data Register (SCFRDR)

The 16-byte receive FIFO data register (SCFRDR) stores serial receive data. The SCIF com
the reception of one byte of serial data by moving the received data from the receive shift re
(SCRSR) into the SCFRDR for storage. Continuous receive is enabled until 16 bytes are stc

The CPU can read but not write the SCFRDR. When data is read without received data in tt
receive FIFO data register, the value is undefined. When the received data in this register
becomes full, the subsequent serial data is lost.

Bit: 7 6 5 4 3 2 1 0

R/W: R R R R R R R R

16.2.3  Transmit Shift Register (SCTSR)

The transmit shift register (SCTSR) transmits serial data. The SCI loads transmit data from tl
transmit FIFO data register (SCFTDR) into the SCTSR, then transmits the data serially from
TxD pin, LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the ne
transmit data from the SCFTDR into the SCTSR and starts transmitting again. The CPU car
read or write the SCTSR directly.

Bit: 7 6 5 4 3 2 1 0

RIW:  — — — — — — — —

16.2.4  Transmit FIFO Data Register (SCFTDR)

The transmit FIFO data register (SCFTDR) is a 16-byte 8-bit-length FIFO register that stores
for serial transmission. When the SCIF detects that the transmit shift register (SCTSR) is em
moves transmit data written in the SCFTDR into the SCTSR and starts serial transmission.
Continuous serial transmission is performed until the transmit data in the SCFTDR becomes
empty. The CPU can always write to the SCFTDR.

When the transmit data in the SCFTDR is full (16 bytes), next data cannot be written. If attel
to write, the data is ignored.
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Bit: 7 6 5 4 3 2 1 0

R/W: W W W W w W W W

16.2.5 Serial Mode Register (SCSMR)

The serial mode register (SCSMR) is an eight-bit register that specifies the SCIF serial
communication format and selects the clock source for the baud rate generator.

The CPU can always read and write the SCSMR. The SCSMR is initialized to H'00 by a reset
in standby and module standby modes.

Bitt 7 6 5 4 3 2 1 0
| — | CHR| PE | OE | STOP | — | CKS1 | CKSO |

Initial value: 0 0 0 0 0 0 0 0

RW: R RW RW RW  RW R RW  RW

Bit 7—Reserved:This bit is always read 0. The write value should always be 0.

Bit 6—Character Length (CHR): Selects seven-bit or eight-bit data in the asynchronous mode

Bit 6: CHR Description
0 Eight-bit data. (Initial value)
1 Seven-bit data.

(When seven-bit data is selected, the MSB (bit 7) of the transmit FIFO data
register is not transmitted.)

Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and to check the
parity of receive data.

Bit 5: PE Description
0 Parity bit not added or checked. (Initial value)
1 Parity bit added and checked.

When PE is set to 1, an even or ogd parity bit is added to transmit data,
depending on the parity mode (O/E) setting. Receive data parity is checked
according to the even/odd (O/E) mode setting.
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Bit 4—Parity Mode (O/E): Selects even or odd parity when parity bits are added and checket
The OE setting is used only when the parity enable bit (PE) is set to 1 to enable parity additic
and check. The ®/setting is ignored when parity addition and check is disabled.

Bit4: O/E Description

0 Even parity. (Initial value).

If even parity is selected, the parity bit is added to transmit data to make an even
number of 1s in the transmitted character and parity bit combined. Receive data
is checked to see if it has an even number of 1s in the received character and
parity bit combined.

1 Odd parity.

If odd parity is selected, the parity bit is added to transmit data to make an odd
number of 1s in the transmitted character and parity bit combined. Receive data
is checked to see if it has an odd number of 1s in the received character and
parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two bits as the stop bit length.

In receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the secon
stop bitis 1, it is treated as a stop bit, but if the second stop bit is 0, it is treated as the start k
the next incoming character.

Bit 3: STOP Description

0 One stop bit. (Initial value)

In transmitting, a single bit of 1 is added at the end of each transmitted character.

1 Two stop bits.
In transmitting, two bits of 1 are added at the end of each transmitted character.

Bit 2—Reserved: This bit is always read as 0. The write value should always be 0.

Bits 1 and 0—Clock Select 1 and 0 (CKS1, CKSOT:hese bits select the internal clock source «
the on-chip baud rate generator. Four clock sources are availgbRy#, Rp/16 and B/64. For
further information on the clock source, bit rate register settings, and baud rate, see section
Bit Rate Register.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Po (Initial value)
1 P@/4

1 0 P@/16
1 P64

Note: P@: Peripheral clock
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16.2.6  Serial Control Register (SCSCR)

The serial control register (SCSCR) operates the SCI transmitter/receiver, selects the serial cl
output in the asynchronous mode, enables/disables interrupt requests, and selects the
transmit/receive clock source. The CPU can always read and write the SCSCR. The SCSCR |
initialized to H'00 by a reset or in standby and module standby modes.

Bitt 7 6 5 4 3 2 1 0
\ TIE \ RIE \ TE \ RE \ — \ — \ CKE1 \ CKEO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-FIFO-data-empty
interrupt (TXI) requested when the serial transmit data is transferred from the transmit FIFO d
register (SCFTDR) to transmit shift register (SCTSR), when the quantity of data in the transmi
FIFO register becomes less than the specified number of transmission triggers, and when the
TDFE flag of the serial FIFO status register (SCFSR) is set tol.

Bit 7: TIE Description

0 Transmit-FIFO-data-empty interrupt request (TXI) is disabled. (Initial value)

The TXI interrupt request can be cleared by writing the greater quantity of
transmit data than the specified number of transmission triggers to SCFTDR and
by clearing TDFE to 0 after reading 1 from TDFE, or can be cleared by clearing
TIEto 0.

1 Transmit-FIFO-data-empty interrupt request (TXI) is enabled

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full (RXI) and
receive-error (ERI) interrupts requested when the serial receive data is transferred from the re
shift register (SCRSR) to receive FIFO data register (SCFRDR), when the quantity of data in t
receive FIFO register becomes more than the specified number of receive triggers, and when
RDRF flag of SCSSR is set tol.
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Bit 6: RIE Description

0 Receive-data-full interrupt (RXI), receive-error interrupt (ERI), and receive break
interrupt (BRI) requests are disabled. (Initial value)

RXI and ERI interrupt requests can be cleared by reading the DR, ER, or RDF
flag after it has been set to 1, then clearing the flag to 0, or by clearing RIE to O.
At RDF, read 1 from the RDF flag and clear it to O, after reading the received data
from SCRDR until the quantity of received data becomes less than the specified
number of the receive triggers.

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI) requests are
enabled.

Bit 5—Transmit Enable (TE): Enables or disables the SCIF serial transmitter.

Bit 5: TE Description
0 Transmitter disabled. (Initial value)
1 Transmitter enabled.

Serial transmission starts after writing of transmit data into the SCFTDR. Select
the transmit format in the SCSMR and SCFCR and reset the TFIFO before
setting TE to 1.

Bit 4—Receive Enable (RE)Enables or disables the SCIF serial receiver.

Bit 4: RE Description
0 Receiver disabled. (Initial value)

Clearing RE to 0 does not affect the receive flags (DR, ER, BRK, FER, PER, and
ORER). These flags retain their previous values.

1 Receiver enabled.

Serial reception starts when a start bit is detected. Select the receive format in
the SCSMR before setting RE to 1.

Bits 3 and 2—ReservedThese bits are always read as 0. The write value should always be (

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ)These bits select the SCI clock source an
enable or disable clock output from the SCK pin. Depending on the combination of CKE1 an

CKEQ, the SCK pin can be used for serial clock output or serial clock input.

The CKEDO setting is valid only when the SCI is operating with the internal clock (EKE1The
CKEDO setting is ignored when an external clock source is selected (€EKEBefore selecting

the SCIF operating mode in the serial mode register (SCSMR), set CKE1 and CKEO. For fur

details on selection of the SCI clock source, see table 16.8 in section 16.3, Operation.
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Bit 1: CKE1 Bit 0: CKEO Description

0 0 Internal clock, SCK pin used for input pin (input signal is
ignored) (Initial value)
1 Internal clock, SCK pin used for clock output*!
1 0 External clock, SCK pin used for clock input*2
1 External clock, SCK pin used for clock input*2

Notes: 1. The output clock frequency is 16 times the bit rate.
2. The input clock frequency is 16 times the bit rate.

16.2.7  Serial Status Register (SCSSR)

The serial status register (SCSSR) is a 16-bit register. The upper 8 bits indicate the number ¢
receive errors in the data of the SCFRDR, and the lower 8 bits indicate SCI operating state.

The CPU can always read and write the SCSSR, but cannot write 1 in the status flags (ER, TE
TDFE, BRK, OPER, and DR). These flags can be cleared to 0 only if they have first been reac
(after being set to 1). Bits 3 (FER) and 2 (PER) are read-only bits that cannot be written. The
SCSSR is initialized to H'0060 by a reset or in standby and module standby modes.

Lower 8 bits: 7 6 5 4 3 2 1 0
| ER | TEND| TDFE | BRK | FER | PER | RDF | DR |

Initial value: 0 1 1 0 0 0 0 0
RW: RIW)* RIW)* RIW)* RIW)* R R RIW)* RIW)

Note:  The only value that can be written is O to clear the flag.

546
HITACHI



Bit 7—Receive Error (ER): Indicates that a parity error has occurred when received data
includes a framing error or a parity *

Bit 7: ER Description

0 Receive is in progress, or receive is normally completed. (Initial value)

ER is cleared to 0 when the chip is reset or enters standby mode, or when 0 is
written after 1 is read from ER.

1 A framing error or a parity error has occurred.

ER is set to 1 when the stop bit is 0 after checking whether or not the last stop bit
of the received data is 1 at the end of one-data receive*?, or when the total
number of 1's in the received data and in the parity bit does not match the
even/odd parity specification specified by the O/E bit of the SCSMR.

Notes: 1. Clearing the RE hit to 0 in SCSCR does not affect the ER bit, which retains its previous
value. Even if a receive error occurs, the received data is transferred to SCFRDR and
the receive operation is continued. Whether or not the data read from SCRDR includes
a receive error can be detected by the FER and PER bits of SCSSR.

2. In the stop mode, only the first stop bit is checked; the second stop bit is not checked.

Bit 6—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted, the SCFTDR did not contain valid data, so transmission has ended.

Bit 6: TEND Description

0 Transmission is in progress.
TEND is cleared to 0 when data is written in SCFTDR.

1 End of transmission. (Initial value)

TEND is set to 1 when the chip is reset or enters standby mode, TE is cleared to
0 in the serial control register (SCSCR), or when SCFTDR does not contain
received data when the last bit of a one-byte serial character is transmitted.
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Bit 5—Transmit FIFO Data Empty (TDFE): Indicates that data is transferred from transmit
FIFO data register (SCFTDR) to transmit shift register (SCTSR), the quantity of data in SCFT!
becomes less than the number of transmission triggers specified by the TTRG1 and TTRGO &
FIFO control register (SCFCR), and writing the transmit data to SCFTDR is enabled.

Bit 5: TDFE

Description

0

The quantity of transmit data written to SCFTDR is greater than the specified
number of transmission triggers. (Initial value)

TDFE is cleared to 0 when the data exceeding the specified number of
transmission triggers is written to SCFTDR, software reads TDFE after it has
been set to 1, then writes 0 in TDFE.

The quantity of transmit data in SCFTDR is less than the specified number of
transmission triggers. *

TDFE is set to 1 at reset or at standby mode, or when the quantity of
transmission data in SCFTDR becomes less than the specified number of
transmission triggers as a result of transmission.

Note:

Since SCFTDR is a 16-byte FIFO register, the maximum quantity of data which can be

written when TDFE is 1 is "16 minus the specified number of transmission triggers”. If
attempted to write additional data, the data is ignored. The quantity of data in SCFTDR

is indicated by the upper 8 bits of SCFTDR.

Bit 4—Break Detection (BRK): Indicates that a break signal is detected in received data.

Bit 4: BRK Description

0 No break signal is being received. (Initial value)
BRK is cleared to 0 when the chip is reset or enters standby mode, or software
reads BRK after it has been set to 1, then writes 0 in BRK.

1 The break signal is received.
BRK is set to 1 when data including a framing error is received and a framing
error occurs with space 0 in the subsequent received data.

Note: When a break is detected, transfer of the received data (H'00) to SCFRDR stops after

detection. When the break ends and the receive sighal becomes mark 1, the transfer of
the received data resumes. The received data of a frame in which a break signal is
detected is transferred to SCFRDR. After this, however, no received data is transferred
until a break ends with the received signal being mark 1 and the next data is received.
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Bit 3—Framing Error (FER): Indicates a framing error in the data read from the receive FIFC

data register (SCFRDR).
Bit 3: FER Description
0 No receive framing error occurred in the data read from SCFRDR. (Initial value)

FER is cleared to 0 when the chip is power-on reset or enters standby mode, or
when no framing error is present in the data read from SCFRDR.

A receive framing error occurred in the data read from SCFRDR.
FER is set to 1 when a framing error is present in the data read from SCFRDR.

Bit 2—Parity Error (PER): Indicates a parity error in the data read from the receive FIFO dat
register (SCFRDR).

Bit 2: PER Description

0 No receive parity error occurred in the data read from SCFRDR.  (Initial value)
PER is cleared to 0 when the chip is power-on reset or enters standby mode, or
when no parity error is present in the data read from SCFRDR.

1 A receive framing error occurred in the data read from SCFRDR.

PER is set to 1 when a parity error is present in the data read from SCFRDR.

Bit 1—Receive FIFO Data Full (RDF):Indicates that received data is transferred to the receiv
FIFO data register (SCFRDR), the quantity of data in SCFRDR becomes more than the num
receive triggers specified by the RTRG1 and RTRGO bits in FIFO control register (SCFCR).

Bit 1: RDF

Description

0

The quantity of transmit data written to SCFRDR is less than the specified
number of receive triggers. (Initial value)

RDF is cleared to O at power-on reset or at standby mode, or cleared when the
SCFRDR is read until the quantity of receive data in SCFRDR becomes less than
the specified number of receive triggers, when 1 is read from RDF, and 0 is then
written.

The quantity of receive data in SCFRDR is more than the specified number of
receive triggers.

RDF is set to 1 when the quantity of receive data which is greater than the
specified number of receive triggers is stored in SCFRDR.*

Note:

Since SCFTDR is a 16-byte FIFO register, the maximum quantity of data which can be
read when RDF is 1 is the specified number of receive triggers. If attempted to read
after all data in the SCFRDR have been read, the data is undefined. The gquantity of
receive data in SCFRDR is indicated by the lower 8 bits of SCFTDR.
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Bit 0—Receive Data Ready (DR)Indicates that the receive FIFO data register (SCFRDR) stor
the data which is less than the specified number of receive triggers, and that next data is not \
received after 15 etu has elapsed from the last stop bit.

Bit 0: DR Description
0 Receive is in progress, or no received data remains in SCFRDR after completing
receive normally. (Initial value)

DR is cleared to 0 when the chip is power-on reset or enters standby mode, or
software reads DR after it has been set to 1, then writes 0 in DR.

1 Next receive data is not received.

DR is set to 1 when SCFRDR stores the data which is less than the specified
number of receive triggers, and that next data is not yet received after 15 etu has
elapsed from the last stop bit.*

Note: This is equivalent to 1.5 frames with the 8-bit 1-stop-bit format. (ETU: Element Time
Unit)
Upper 8 bits: 15 14 13 12 11 10 9 8
| PER3 | PER2 | PER1 | PERO | FER3 | FER2 | FERL | FERO |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R

Bits 15 to 12—Number of Parity Errors 3 to 0 (PER3 to PERO)Indicates the quantity of data
including a parity error in the received data stored in the receive FIFO data register (SCFRDR
The value indicated by the bits 15 to 12 represents the number of parity errors in SCFRDR.

Bits 11 to 8—Number of Framing Errors 3to 0 (FER3 to FERO):Indicates the quantity of data
including a framing error in the received data stored in SCFRDR. The value indicated by bits
to 8 represents the number of framing errors in SCFRDR.
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16.2.8 Bit Rate Register (SCBRR)

The bit rate register (SCBRR) is an eight-bit register that, together with the baud rate genera
clock source selected by the CKS1 and CKSO bits in the serial mode register (SCSMR),
determines the serial transmit/receive bit rate.

The CPU can always read and write the SCBRR. The SCBRR is initialized to H'FF by a rese
module standby or standby mode. Each channel has independent baud rate generator contri
different values can be set in two channels.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The SCBRR setting is calculated as follows:

Asynchronous mode:

Nz P®  qoe_1

64 x 2"t x B

B: Bitrate (bit/s)

N: SCBRR setting for baud rate generator (0 < N < 255)

P@: Operating frequency for peripheral modules (MHz)

n: Baud rate generator clock source (n =0, 1, 2, 3) (for the clock sources and values of
n, see table 16.3.)

Table 16.3 SCSMR Settings

SCSMR Settings

n Clock Source CKs1 CKSO0
0 Po 0 0

1 P@/4 0 1

2 P@/16 1 0

3 P@/64 1 1
Note: Find the bit rate error by the following formula:

Error (%) = { P x 100 - 1} x 100
(N+1) x 64 x 22n-1 x B
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Table 16.4 lists examples of SCBRR settings.

Table 16.4 Bit Rates and SCBRR Settings

Po (MHz)
2 2.097152 2.4576

Bit Rate (bits/s) n N Error ( %) n N Error (%) n N Error ( %)
110 1 141 0.03 1 148 -0.04 1 174 —-0.26
150 1 103 0.16 1 108 0.21 1 127  0.00
300 0 207 0.16 0 217 0.21 0 255  0.00
600 0 103 0.16 0 108 0.21 0 127 0.00
1200 0 51 0.16 0 54 -0.70 0 63 0.00
2400 0 25 0.16 0 26 1.14 0 31 0.00
4800 0 12 0.16 0 13 —2.48 0 15 0.00
9600 0 6 —6.99 0 6 -2.48 0 7 0.00
19200 0 2 8.51 0 2 13.78 0 3 0.00
31250 0 1 0.00 0 1 4.86 0 1 22.88
38400 0 1 -18.62 0 0 -14.67 0 1 0.00

Po (MHz)

3 3.6864

Bit Rate (bits/s) n N Error ( %) n N Error (%) n N Error ( %)
110 1 212 0.03 2 64 0.70 2 70 0.03
150 1 155 0.16 1 191 0.00 1 207 0.16
300 1 77 0.16 1 95 0.00 1 103 0.16
600 0 155 0.16 0 191 0.00 0 207 0.16
1200 0 77 0.16 0 95 0.00 0 103 0.16
2400 0 38 0.16 0 47 0.00 0 51 0.16
4800 0 19 —-2.34 0 23 0.00 0 25 0.16
9600 0 -2.34 0 11 0.00 0 12 0.16
19200 0 4 -2.34 0 0.00 0 —6.99
31250 0 0.00 0 3 —7.84 0 0.00
38400 - - — 0 0.00 0 8.51
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Table 16.4 Bit Rates and SCBRR Settings (cont)

Po (MHz)
4.9152
Bit Rate (bits/s) n N Error ( %) n N Error (%) n N Error ( %)
110 2 86 0.31 2 88 -0.25 2 106 -0.44
150 1 255 0.00 2 64 0.16 2 77 0.16
300 1 127 0.00 1 129 0.16 1 155 0.16
600 0 255 0.00 1 64 0.16 1 77 0.16
1200 0 127 0.00 0 129 0.16 0 155 0.16
2400 0 63 0.00 0 64 0.16 0 77 0.16
4800 0 31 0.00 0 32 -1.36 0 38 0.16
9600 0 15 0.00 0 15 1.73 0 19 —2.34
19200 0 0.00 0 1.73 0 -2.34
31250 0 4 -1.70 0 4 0.00 0 0.00
38400 0 0.00 0 1.73 0 4 —2.34
Pe (MHz)
6.144 7.3728
Bit Rate (bits/s) n N Error ( %) n N Error (%) n N Error ( %)
110 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 79 0.00 2 95 0.00 2 103 0.16
300 1 159 0.00 1 191 0.00 1 207 0.16
600 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 9 0.00 0 11 0.00 0 12 0.16
31250 0 2.40 0 6 5.33 0 0.00
38400 0 4 0.00 0 5 0.00 0 6 —6.99
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Table 16.4 Bit Rates and SCBRR Settings (cont)

Po (MHz)

9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 174 -0.26 2 177 025 1 212 003 2 217 0.08
150 1 127 0.00 2 129 016 1 155 0.16 2 159 0.00
300 0 255 0.00 2 64 016 1 77 016 2 79 0.00
600 0 127 0.00 1 129 0.16 O 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 016 O 77 016 1 79  0.00
2400 0 127 0.00 O 129 016 O 38 016 O 159 0.00
4800 0 63 0.00 O 64 016 O 19 016 O 79 0.00
9600 0 31 000 O 32 -136 0 9 016 O 39 0.00
19200 0 15 000 O 15 173 0 4 016 O 19 0.00
31250 0 9 -1.70 O 9 0.00 O 2 0.00 O 11 2.40
38400 0 1 0.00 O 7 173 0 9 -234 0 9 0.00

Po (MHz)

14.7456 16 19.6608 20
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 64 0.70 3 70 0.03 3 86 031 3 88 -0.25
150 2 191 0.00 2 207 016 2 255 000 2 64 0.16
300 2 95 000 2 103 016 2 127 0.00 2 129 0.16
600 1 191 000 1 207 0.16 1 255 000 1 64 0.16
1200 1 95 000 1 103 016 1 127 0.00 1 129 0.16
2400 0 191 0.00 O 207 016 O 255 0.00 O 64 0.16
4800 0 95 0.00 O 103 0.16 O 127 000 O 129 0.16
9600 0 47 000 O 51 016 O 63 000 O 64 0.16
19200 0 23 000 O 25 016 O 31 000 O 32 -1.36
31250 0 14 -1.70 O 15 0.00 O 19 -1.70 O 19 0.00
38400 0 11 000 O 12 016 © 15 000 O 15 1.73
115200 0 000 O 851 O 6.67 0 8.51
500000 0 -7.84 0 0 0.00 O 229 0 25.0
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Table 16.4 Bit Rates and SCBRR Settings (cont)

Po (MHz)

24 24.576 28.7 30
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 3 106 -0.44 3 108 0.08 3 126 031 3 132 0.13
150 3 77 016 3 79 000 3 92 046 3 97 -0.35
300 2 155 016 2 159 0.00 2 186 -0.08 2 194 0.16
600 2 a4 0.16 2 79 0.00 2 92 046 2 97 -0.35
1200 1 155 016 1 159 0.00 1 186 -0.08 1 194 0.16
2400 1 77 016 1 79 000 1 92 046 1 97 -0.35
4800 0 155 0.16 O 159 0.00 O 186 -0.08 O 194 -1.36
9600 0 77 016 O 79 000 O 92 046 O 97 -0.35
19200 0 38 016 O 39 000 O 46 -0.61 O 48 -0.35
31250 0 23 0.00 O 24 -1.70 O 28 -1.03 0 29 0.00
38400 0 19 -234 0 19 000 O 22 155 O 23 1.73
115200 0 6 -6.99 0 6 -4.76 0 7 -2.68 0 7 1.73
500000 0 1 -250 0 1 -23.2 0 1 -10.3 O 1 -6.25
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Table 16.5 indicates the maximum bit rates in the asynchronous mode when the baud rate
generator is being used. Table 16.6 list the maximum rates for external clock input.

Table 16.5 Maximum Bit Rates for Various Frequencies with Baud Rate Generator
(Asynchronous Mode)

Settings

Po (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
8 250000 0 0
9.8304 307200 0 0
12 375000 0 0
14.7456 460800 0 0
16 500000 0 0
19.6608 614400 0 0
20 625000 0 0
24 750000 0 0
24.576 768000 0 0
28.7 896875 0 0
30 937500 0 0
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Table 16.6 Maximum Bit Rates during External Clock Input (Asynchronous Mode)

P@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
8 2.0000 125000
9.8304 2.4576 153600
12 3.0000 187500
14.7456 3.6864 230400
16 4.0000 250000
19.6608 4.9152 307200
20 5.0000 312500
24 6.0000 375000
24.576 6.1440 384000
28.7 7.1750 448436
30 7.5000 468750
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16.2.9 FIFO Control Register (SCFCR)

Bitt 7 6 5 4 3 2 1 0
\ RTRGl‘ RTRGO‘ TTRG1 \ TTRGO‘ MCE \ TFRST \ RFRST‘ LOOP \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The FIFO control register (SCFCR) resets the number of data in the transmit and receive FIF(
registers, sets the number of trigger data, and contains the permit bit for the loop back test. T
SCFCR is always read and written by the CPU. It is initialized to H'00 by the reset, the modul
standby function, or in the standby mode.

Bits 7 and 6—Trigger of the Number of Receive FIFO Data (RTRG1, RTRGO)Set the

number of receive data which sets the receive data full (RDF) flag in the serial status register
(SCSSR). These bits set the RDF flag when the number of receive data stored in the receive
register (SCFRDR) is increased more than the number of setting triggers listed below.

Bit 7: RTRG1 Bit 6: RTRGO Number of Received Triggers
0 0 1*

0 1 4

1 0

1 1 14

Note: Initial state.

Bits 5 and 4—Trigger of the Number of Transmit FIFO Data (TTRG1, TTRGO): Set the
number of remaining transmit data which sets the transmit FIFO data register empty (TDFE) f
in the serial status register (SCSSR). These bits set the TDFE flag when the number of trans
data in the transmit FIFO data register (SCFTDR) is decreased less than the number of settin
triggers listed below.

Bit 5: TTRG1 Bit 4: TTRGO Number of Transmitted Triggers
0 0 8 (8)*
0 1 4(12)
1 0 2 (14)
1 1 1(15)

Note: Initial state. Values in brackets mean the number of empty SCFTDR when a flag occurs.
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Bit 3—Modem Control Enable (MCE): Enables the modem control sign@lBS andRTS.

Bit 3: MCE Description
0 Disables the modem signal* (Initial state)
1 Enables the modem signal

Note: The CTS is fixed to active 0 regardless of the input value, and the RTS is also fixed to 0.
Bit 2—Transmit FIFO Data Register Reset (TFRST):Disables the transmit data in the transm
FIFO data register and resets the data to the empty state.

Bit 2: TFRST  Description

0 Disables reset operation* (Initial state)

1 Enables reset operation

Note: Reset is operated in resets or the standby mode.
Bit 1—Receive FIFO Data Register Reset (RFRSTPisables the receive data in the receive
FIFO data register and resets the data to the empty state.

Bit 1: RFRST  Description

0 Disables reset operation* (Initial state)

1 Enables reset operation

Note: Reset is operated in resets or the standby mode.

Bit 0—Loop Back Test (LOOP): Internally connects the transmit output pin (TXD) and receive
input pin (RXD) and enables the loop back test.

Bit 0: LOOP Description

0 Disables the loop back test (Initial state)

1 Enables the loop back test
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16.2.10 FIFO Data Count Set Register (SCFDR)

The SCFDR is a 16-bit register which indicates the number of data stored in the transmit FIFC
data register (SCFTDR) and the receive FIFO data register (SCFRDR). It indicates the numb
transmit data in the SCFTDR with the upper eight bits, and the number of receive data in the
SCFRDR with the lower eight bits. The SCFDR is always read from the CPU.

Lower 8 Bits: 7 6 5 4 3 2 1 0
. — | — | — | ra| R3 | R | Rl | RO |
Initial value: 0 0 0 0 0 0 0 0
R/W:

The SCFDR indicates the number of receive data stored in the SCFRDR. The H'00 means n¢
receive data, and the H'10 means that the full of receive data are stored in the SCFRDR.

Upper 8 Bits: 15 14 13 12 11 10 9 8
\ — \ — \ — \ T4 \ T3 \ T2 \ T1 \ T0 \
Initial value: 0 0 0 0 0 0 0 0
R/W:

The SCFDR indicates the number of non-transmitted data stored in the SCFTDR. The H'00
means no transmit data, and the H'10 means that the full of transmit data are stored in the
SCFTDR.
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16.3  Operation

16.3.1 Overview

For serial communication, the SCIF has an asynchronous mode in which characters are
synchronized individually. Refer to section 17.3.2, Operation in Asynchronous Mode. The S
has the 16-byte FIFO buffer for both transmit and receive, reduces an overhead of the CPU,
enables continuous high-speed communication. Moreover, it hREthandCTS signals as the
modem control signals. The transmission format is selected in the serial mode register (SCS
as listed in table 16.6. The SCI clock source is selected by the combination of the CKE1 and
CKEQO bits in the serial control register (SCSCR), as listed in table 16.7.

L]

Data length is selectable: seven or eight bits.

Parity and multiprocessor bits are selectable. So is the stop bit length (one or two bits). Ti
combination of the preceding selections constitutes the communication format and chara
length.

In receiving, it is possible to detect framing errors (FER), parity errors (PER), receive FIF(
data full, receive data ready, and breaks.

In transmitting, it is possible to detect transmit FIFO data empty.

The number of stored data for both the transmit and receive FIFO registers is displayed.

An internal or external clock can be selected as the SCIF clock source.

0 When an internal clock is selected, the SCIF operates using the on-chip baud rate
generator, and can output a serial clock signal with a frequency 16 times the bit rate.

O When an external clock is selected, the external clock input must have a frequency 16
the bit rate. (The on-chip baud rate generator is not used.)

Table 16.7 SCSMR Settings and SCIF Communication Formats

SCSMR Settings SCIF Communication Format
Bit6 Bit5 Bit3 Data Parity
Mode CHR PE STOP Length Bit Stop Bit Length
Asynchronous 0 0 0 8-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 0 0 7-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
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Table 16.8 SCSCR Settings and SCIF Clock Source Selection

SCSCR Settings SCIF Transmit/Receive Clock
Bit 1 Bit O
Mode CKE1l CKEO Clock Source SCK Pin Function
Asynchronous 0 0 Internal SCIF does not use the SCK pin
mode 1 Outputs a clock with a frequency 16 times the
bit rate
1 0 External Inputs a clock with frequency 16 times the
bit rate

16.3.2  Serial Operation

Transmit/Receive Formats:Table 16.8 lists eight communication formats that can be selected.
The format is selected by settings in the serial mode register (SCSMR).

Table 16.9 Serial Communication Formats

SCSMR Bits Serial Transmit/Receive Format and Frame Length
CHR PE STOP 1 2 3 4 5 6 7 8 9 10 11 12

0 0 0 |START| 8-Bit data  sTOP|

0 0 1 |START| 8-Bit data | sTOP| STOP|

0 1 0 |START| 8-Bit data | P |sToP|

0 1 1 |START| 8-Bit data | P |sTop|sToP|
1 0 0 |START| 7-Bit data  STOP|

1 0 1 |START| 7-Bit data | STOP| STOP |

1 1 0 |START| 7-Bit data | P |sToP|

1 1 1 |START| 7-Bit data | P |sTOP|STOP|

START: Start bit
STOP: Stop bit
P: Parity bit
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Clock: An internal clock generated by the on-chip baud rate generator or an external clock in
from the SCK pin can be selected as the SCIF transmit/receive clock. The clock source is se
by bits CKE1 and CKEQO in the serial control register (SCSCR) (table 16.7).

When an external clock is input at the SCK pin, it must have a frequency equal to 16 times tt
desired bit rate.

When the SCIF operates on an internal clock, it can output a clock signal at the SCK pin. Th
frequency of this output clock is 16 times the bit rate.

Transmitting and Receiving Data (SCIF Initialization): Before transmitting or receiving, clear
the TE and RE bits to 0 in the serial control register (SCSCR), then initialize the SCIF as follc

When changing the communication format, always clear the TE and RE bits to 0 before follo
the procedure given below. Clearing TE to 0 initializes the transmit shift register (SCTSR).
Clearing TE and RE to 0, however, does not initialize the serial status register (SCSSR), trar
FIFO data register (SCFTDR), or receive FIFO data register (SCFRDR), which retain their
previous contents. Clear TE to O after all transmit data are transmitted and the TEND flag in |
SCSSR is set. The transmitting data enters the high impedance state after clearing to 0 althc
the bit can be cleared to 0 in transmitting. Set the TFRST bit in the SCFCR to 1 and reset the
SCFTDR before TE is set again to start transmission.

When an external clock is used, the clock should not be stopped during initialization or subse
operation. SCIF operation becomes unreliable if the clock is stopped.
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Figure 16.5 is a sample flowchart for initializing the SCIF. The procedure for initializing the SC
is:

( Initialization > 1. Set the clock selection in SCSCR.
| Be sure to clear bits RIE TIE, TE, and RE
to 0.
Clear TE and RE bits in SCSCR t0 0 When clock output is selected, it is output

| immediately after SCSCR settings are made.

Set TFRST and RFRST bits in

2. Set the data transfer format in SCSMR.

SCFCRto 1
| 3. Write a value corresponding to the bit rate
Set CKE1 and CKEO into the bit rate register (SCBRR).
bits in SCSCR (leaving TE and RE (Not necessary if an external clock is used.)

bits cleared to 0)
I 4. Wait at least one bit interval, then set the
TE bit or RE bitin SCSR to 1. Also set the

Set data transfer format in SCSMR RIE and TIE bits.
| Setting the TE and RE bits enables the
Set value in SCBRR TxD and RxD pins to be used. When
transmitting, the SCIF will go to the mark
< Wait state; when receiving, it will go to the idle

state, waiting for a start bit.

1-bit interval elapsed?

Set RTRG1-0, TTRG1-0, and MCE
in SCFCR
Clear TFRST and RFRST bits to 0

Set TE and RE bits in
SCSCRto 1,and set RIE, TIE,
TEIE, and MPIE bits

( )

Figure 16.5 Sample SCIF Initialization Flowchart
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e Serial data transmission
Figure 16.6 shows a sample flowchart for serial transmission.

Use the following procedure for serial data transmission after enabling the SCIF for transmis:

< Start transmission >
> 1. SCIF status check and transmit data write:
[~ Read serial status register (SCSSR) and
Read TDEE bit in SCSSR check that the TDFE flag is set to 1, then
write transmit data to the transmit FIFO

data register (SCFTDR), read 1 from the

No TDFE and TEND flags, then clear these
flags to O.
The number of transmit data bytes that can
Yes be written is 16 - (transmit trigger set
Write transmit data (16 - transmit number).
trigger set number) to SCFTDR, read 1
from TDFE bit and TEND flag in 2. Serial transmission continuation procedure:
SCSSR, then clear to 0 To continue serial transmission, read 1 from

the TDFE flag to confirm that writing is
possible, then write data to SCFTDR, and
then clear the TDFE flag to 0.

All data transmitted?

3. Break output at the end of serial

< ves transmission: To output a break in serial
transmission, set the port SC data register
Read TEND bit in SCSSR (SCPDR) and port SC control register

(SCPCR), then clear the TE bit to O in the
serial control register (SCSCR). For
information on SCPDR and SCPCR, see
section 14.2.8.

In steps 1 and 2, it is possible to ascertain
the number of data bytes that can be
written from the number of transmit data
bytes in SCFTDR indicated by the upper 8
bits of the FIFO data register (SCFDR).

Break output?

Set SCPDR and SCPCR

Clear TE bit in SCSCR to 0

<
«

< End of transmission >

Figure 16.6 Sample Serial Transmission Flowchart
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In serial transmission, the SCIF operates as described below.

1.

When data is written into the transmit FIFO data register (SCFTDR), the SCIF transfers tt
data from SCFTDR to the transmit shift register (SCTSR) and starts transmitting. Confirrr
that the TDFE flag in the serial status register (SCSSR) is set to 1 before writing transmit
to SCFTDR. The number of data bytes that can be written is (16 — transmit trigger setting

When data is transferred from SCFTDR to SCTSR and transmission is started, consecuti
transmit operations are performed until there is no transmit data left in SCFTDR. When tt
number of transmit data bytes in SCFTDR falls below the transmit trigger number set in tt
FIFO control register (SCFCR), the TDFE flag is set. If the TIE bit in the serial control
register (SCSCR) is set to 1 at this time, a transmit-FIFO-data-empty interrupt (TXI) reque
is generated.

The serial transmit data is sent from the TxD pin in the following order.

a. Start bit: One-bit 0 is output.

b. Transmit data: 8-bit or 7-bit data is output in LSB-first order.
Parity bit: One parity bit (even or odd parity) is output. (A format in which a parity bit is
not output can also be selected.)
Stop bit(s): One- or two-bit 1s (stop bits) are output.
Mark state: 1 is output continuously until the start bit that starts the next transmission is
sent.

. The SCIF checks the SCFTDR transmit data at the timing for sending the stop bit. If data

present, the data is transferred from SCFTDR to SCTSR, the stop bit is sent, and then ser
transmission of the next frame is started.

If there is no transmit data, the TEND flag in SCSSR is set to 1, the stop bit is sent, and the
the line goes to the mark state in which 1 is output continuously.
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Figure 16.7 shows an example of the operation for transmission.

Start Parity Stop Start Parity Stop
_ 1 bit Data bit  bit  bit Data bit  bit 1
S~ o [oo] 00| orJon] 1 |0 [oo]oi] [orfon] 1 e

(mark state)
((

))
TDFE |
(C
))

TEND T T T
(C (C
| | ) | ))
TXI interrupt Data written to ~ TXI interrupt
request |SCFTDR and TDFE request
flag read as 1 then
cleared to 0 by TXI
interrupt handler

<
<

One frame

Figure 16.7 Example of Transmit Operation
(Example with 8-Bit Data, Parity, One Stop Bit)

4. When modem control is enabled, transmission can be stopped and restarted in accordan
the CTS input value. Whe€TS is set to 1, if transmission is in progress, the line goes to th
mark state after transmission of one frame. WHES is set to 0, the next transmit data is
output starting from the start bit.

Figure 16.8 shows an example of the operation when modem control is used.

Start Parity Stop Start
bit bit  bit bit
Serial ) ) £
data | 0| Do|Di| |07 ] 0] [ 0] Dofoi forfon
TXD )) ))
(¢
CTS (¢ | | I(d

) T )

Rise this point
before a stop bit

Figure 16.8 Example of Operation Using Modem ControlTS)
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» Serial data reception
Figure 16.9 shows a sample flowchart for serial reception.

Use the following procedure for serial data reception after enabling the SCIF for reception.

< Start reception

Read ORER, PER, FER
flags in SCSSR

> 1. Receive error handling and break detection:

Read the DR, ER, and BRK flags in SCSSR
to identify any error, perform the appropriate
error handling, then clear the DR, ER, and
BRK flags to 0. In the case of a framing

error, a break can also be detected by
reading the value of the RxD pin.

BRKVERVDR =17 2. SCIF status check and receive data read :
Read the serial status register (SCSSR) and
check that RDF = 1, then read the receive
data in the receive FIFO data register
(SCFRDR), read 1 from the RDF flag, and
then clear the RDF flag to 0. The transition of

No the RDF flag from 0 to 1 can be identified by
an RXI interrupt.

Read RDF flag in SCSSR

Yes 3. Serial reception continuation procedure: To
continue serial reception, read at least the
receive trigger set number of receive data
bytes from SCFRDR, read 1 from the RDF
flag, then clear the RDF flag to 0. The
number of receive data bytes in SCFRDR can
be ascertained by reading the lower bits of
SCFDR.

Read receive data in SCFRDR,
and clear RDF flag in
SCSSRt0 0

All data received?

Clear RE bitin SCSCR to 0

< End reception >

Figure 16.9 Sample Serial Reception Flowchart (1)
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< Error processing > 1. Whethergframing error or parity error has
occurred in the receive data read from

SCFRDR can be ascertained from the FER and

No PER bits in SCSSR.
2. When a break signal is received, receive data
Yes is not transferred to SCFRDR while the BRK
Receive eITor Drocessin flag is set. However, note that the last data in
P 9 SCFRDR is H'00 and the break data in which a

framing error occurred is stored.

»
>

No BRK= 1?
Break processing

No DR= 17

Yes

Read receive data in SCFRDR

»
>

Clear DR, ER, BRK flags in
SCSSR to 0

( = )

Figure 16.10 Sample Serial Reception Flowchart (2)
In serial reception, the SCIF operates as described below.

1. The SCIF monitors the transmission line, and if a O start bit is detected, performs internal
synchronization and starts reception.
2. The received data is stored in SCRSR in LSB-to-MSB order.

3. The parity bit and stop bit are received.
After receiving these bits, the SCIF carries out the following checks.

a. Stop bit check: The SCIF checks whether the stop bitis 1. If there are two stop bits, ¢
the first is checked.
b. The SCIF checks whether receive data can be transferred from the receive shift regis

(SCRSR) to SCFRDR.
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c. Break check: The SCIF checks that the BRK flag is 0, indicating that the break state is
set.

If all the above checks are passed, the receive data is stored in SCFRDR.
Note: Reception is not suspended when a receive error occurs.

4. If the RIE bit in SCSCR is set to 1 when the RDF or DR flag changes to 1, a receive-FIFO-
data-full interrupt (RXI) request is generated.
If the RIE bit in SCSCR is set to 1 when the ER flag changes to 1, a receive-error interrupt
(ERI) request is generated.
If the RIE bit in SCSCR is set to 1 when the BRK flag changes to 1, a break reception inter
(BRI) request is generated.

Figure 16.11 shows an example of the operation for reception.

Start Parity Stop Start Parity Stop
_ bit Data bit  bit bit Data bit  bit 1
Sg;f‘a' 0 |Do|D1|;|D7|0/1| 1 | 0 |D0|D1|;|D7|0/1| 1 Idlestate

(mark state)

RDF
((

) +
RXI interrupt ‘

N

FER request
(( (¢
)) ))
One frame ‘ T
Data read and RDF ERI interrupt
flag read as 1 then request generated
cleared to O by by receive error

RXI interrupt handler

Figure 16.11 Example of SCIF Receive Operation
(Example with 8-Bit Data, Parity, One Stop Bit)

5. When modem control is enabled, RiES signal is output when SCFRDR is empty. When
RTS is 0, reception is possible. WhRAS is 1, this indicates that SCFRDR is full and
reception is not possible.

Figure 16.12 shows an example of the operation when modem control is used.
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Start

Serial bit N Parity bit Start .
s Lo [m[ou e[ [Torfon] 1 o[ [ [T [ |
RXD §5 G

RTS «

Figure 16.12 Example of Operation Using Modem ControlKTS)

16.4  SCIF Interrupts

The SCIF has four interrupt sources: transmit-FIFO-data-empty (TXI), receive-error (ERI),
receive-data-full (RXI), and break (BRI).

Table 16.10 shows the interrupt sources and their order of priority. The interrupt sources are
enabled or disabled by means of the TIE and RIE bits in SCSCR. A separate interrupt reque
sent to the interrupt controller for each of these interrupt sources.

When the TDFE flag in the serial status register (SCSSR) is set to 1, a TXI interrupt request
generated. The DMAC can be activated and data transfer performed when this interrupt is
generated. The TDFE flag is automatically cleared to 0 when data is written to the transmit
register (SCFTDR) by the DMAC.

When the RDF flag in SCSSR is set to 1, an RXI interrupt request is generated. The DMAC
be activated and data transfer performed when the RDF flag in SCSSR is setto 1. The RDF
automatically cleared to 0 when data is read from the receive data register (SCFRDR) by the
DMAC.

When the ER flag in SCSSR is set to 1, an ERI interrupt request is generated.
When the BRK flag in SCSSR is set to 1, a BRI interrupt request is generated.

The TXI interrupt indicates that transmit data can be written, and the RXI interrupt indicates t
there is receive data in SCFRDR.
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Table 16.10 SCIF Interrupt Sources

Interrupt DMAC Priority on

Source Description Activation Reset Release

ERI Interrupt initiated by receive error flag (ER) Not possible High

RXI Interrupt initiated by receive data FIFO full flag Possible |
(RDF) or data ready flag (DR) (RDF only)

BRI Interrupt initiated by break flag (BRK) Not possible

TXI Interrupt initiated by transmit FIFO data empty flag Possible

(TDFE) Low

See section 4, Exception Processing, for priorities and the relationship with non-SCIF interrup

16.

5 Notes on Use

Note the following when using the SCIF.

1.

SCFTDR Writing and the TDFE Flag: The TDFE flag in the serial status register (SCSSR)
set when the number of transmit data bytes written in the transmit FIFO data register
(SCFTDR) has fallen below the transmit trigger number set by bits TTRG1 and TTRGO in
FIFO control register (SCFCR). After TDFE is set, transmit data up to the number of empt
bytes in SCFTDR can be written, allowing efficient continuous transmission.

However, if the number of data bytes written in SCFTDR is equal to or less than the transn
trigger number, the TDFE flag will be set to 1 again after being read as 1 and cleared to 0.
TDFE clearing should therefore be carried out when SCFTDR contains more than the tran:
trigger number of transmit data bytes.

The number of transmit data bytes in SCFTDR can be found from the upper 8 bits of the F
data count register (SCFDR).

SCFRDR Reading and the RDF Flag: The RDF flag in the serial status register (SCSSR) i
when the number of receive data bytes in the receive FIFO data register (SCFRDR) has
become equal to or greater than the receive trigger number set by bits RTRG1 and RTRGI
the FIFO control register (SCFCR). After RDF is set, receive data equivalent to the trigger
number can be read from SCFRDR, allowing efficient continuous reception.

However, if the number of data bytes in SCFRDR is equal to or greater than the trigger
number, the RDF flag will be set to 1 again if it is cleared to 0. RDF should therefore be
cleared to O after being read as 1 after all the receive data has been read.

The number of receive data bytes in SCFRDR can be found from the lower 8 bits of the FlI
data count register (SCFDR).
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. Break Detection and Processing: Break signals can be detected by reading the RxD pin ¢
when a framing error (FER) is detected. In the break state the input from the RxD pin cor
of all Os, so the FER flag is set and the parity error flag (PER) may also be set. Note that
although transfer of receive data to SCFRDR is halted in the break state, the SCIF receiv
continues to operate, so if the BRK flag is cleared to O it will be set to 1 again.

. Sending a Break Signal: The 1/O condition and level of the TxD pin are determined by the
SCP4DT bit in the port SC data register (SCPDR) and bits SCP4MDO and SCP4MD1 in t
port SC control register (SCPCR). This feature can be used to send a break signal.

To send a break signal during serial transmission, clear the CP4DT bit to 0 (designating I
level), then set the SCP4MDO and SCP4MD1 bits to 0 and 1, respectively, and finally cle
TE bit to 0 (halting transmission). When the TE bit is cleared to 0, the transmitter is initial
regardless of the current transmission state, and 0 is output from the TxD pin.

. TEND Flag and TE Bit Processing: The TEND flag is set to 1 during transmission of the s
bit of the last data. Consequently, if the TE bit is cleared to O immediately after setting of
TEND flag has been confirmed, the stop bit will be in the process of transmission and will
be transmitted normally. Therefore, the TE bit should not be cleared to O for at least 0.5 ¢
clock cycles (or 1.5 cycles if two stop bits are used) after setting of the TEND flag setting
confirmed.

. Receive Data Sampling Timing and Receive Margin: The SCIF operates on a base clock
frequency of 16 times the transfer rate. In reception, the SCIF synchronizes internally wit
fall of the start bit, which it samples on the base clock. Receive data is latched at the risir
edge of the eighth base clock pulse. The timing is shown in figure 16.13.

< 16 clocks |
8 clocks ‘
T
0123456 78910111213141501 23 456 7 8 91011121314150 1 2 34 5
Base clock ]|
D .. —7.5clocks :: +7.5clocks
Receive ) < >
data (RxD) Start bit | DO [ D1
Synchro-
nization
sampling v
timing
Data s .
sampling v v
timing

Figure 16.13 Receive Data Sampling Timing in Asynchronous Mode
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The receive margin in asynchronous mode can therefore be expressed as shown in equation

Equation 1:

M=‘(0.5— %J—(L—O.S)F—

D '—\IO.SI (1 +F)| x 100%

M: Receive margin (%)

N: Ratio of clock frequency to bit rate (N = 16)
D: Clock duty cycle (D =0to 1.0)

L: Frame length (L =910 12)

F: Absolute deviation of clock frequency

From equation 1, if F = 0 and D = 0.5, the receive margin is 46.875%, as given by equation 2.
Equation 2:
When D =0.5and F =0:

M =(0.5-1/(2 x 16)) x 100%
= 46.875%

This is a theoretical value. A reasonable margin to allow in system designs is 20% to 30%.
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Section 17 IrDA

17.1  Overview

This LSI has an on-chip infrared data association (IrDA) interface which is based on the IrDA
system and can perform infrared communication. It also can be used as the SCIF by setting
registers.

17.1.1 Features

« Based on the IrDA 1.0 system
¢ Asynchronous serial communication
O Data length: Eight bits
O Stop bit length: One bit
O Parity bit: None
¢ On-chip 16-stage FIFO buffers for both transmit and receive
* On-chip baud rate generator with selectable bit rates
e Guard functions not to affect the receiver in transmitting
¢ Clock supply halted to reduce power consumption in using no IrDA
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17.1.2 Block Diagram

Figure 17.1 shows a block diagram of the IrDA.

Clock input J\/]
? ‘

Switching IrDA/SCIF

Legend:
SCIF: Serial communication interface with FIFO

] sck
TxD . -
; i i - - X TxD1
Transfer clock Modulation unit
= A
SCIF
(!
< RXD Demodulation unit [~ X RxD1
IRDA
A

Figure 17.1 IrDA Block Diagram
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Figures 17.2 to 17.4 show the IrDA 1/O port pins.

SCIF pin I/O and data control is performed by bits 7-4 of SCPCR and bits 3 and 2 of SCPDF
For details, see section 17.2.8.

Reset

|
R

D
SCP3MDO

Q

C

I
PCRW
Relset

Internal data bus

R
Q D

ﬂ SCP3MD1

C IrDA

| _______________
PCRW

Clock input enable
Reset

|
SCPT[3]/SCK1 o— R

Q D
SCP3DT1

\V/ T

PDRW

Output enable

Serial clock output

A

o

PDRR*

Serial clock input

Legend:
PDRW: SCPDR write

PDRR: SCPDR read
PCRW: SCPCR write

Note: * When reading the SCK1 pin, the CKE1 and CKEDO bits in SCSCR to 0, and
set the SCP3MD1 bit in SCSPR to 1 (see section 17.2.8).

Figure 17.2 SCPT[3]/SCK1 Pin
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Reset

Legend:

PCRW: SCPCR write
PDRW: SCPDR write

|
R
D
SCP2MDO
Q
C
I
PCRW Internal data bus
Relset
R
Q D
SCP2MD1
C
I
PCRW
Reset
|
SCPT[2)/TxD1 0O— R
Q D
K SCP2DTL
C IrDA
| T
PDRW !
: Output enable
|
: Serial
| transfer
| output
|
|

Figure 17.3 SCPT[2]/TxD1 Pin
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SCPT[2)/RxD1

Legend:
PDRR: SCPDR read

PDRR*

Serial
receive
data

Internal data bus

Note: * When reading the RxD1 pin, set the RE bitin SCSCR to 1.

17.1.3  Pin Configuration

Table 17.1 Pin Configuration

Figure 17.4 SCPT[2]/RxD1 Pin

Pin Name Signal Name I/0 Function

Serial clock pin SCK1 /0 Clock I/0

Receive data pin RxD1 Input Receive data input
Transmit data pin TxD1 Output Transmit data output

Note:

Clock input from the serial clock pin cannot be set in IrDA mode.

HITACHI
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17.1.4  Register Configuration

The IrDA has internal registers shown in table 17.2. By using these registers, an IrDA or an S
mode, a data format, and a bit rate can be specified, and a transmit and a receive unit can be
controlled.

Table 17.2 Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size

Serial mode register 1 SCSMR1 R/W H'00 H'04000140 8 bits
(H'A4000140)*2

Bit rate register 1 SCBRR1 R/W H'FF H'04000142 8 hits
(H'A4000142)*?

Serial control register 1 SCSCR1 R/W H'00 H'04000144 8 bits
(H'A4000144)*2

Transmit FIFO data register 1 SCFTDR1 w — H'04000146 8 hits
(H'A4000146)*2

Serial status register 1 SCSSR1 R/(W)** H'0060 H'04000148 16 bits
(H'A4000148)*2

Receive data FIFO register 1 SCFRDRL1 R Undefined H'0400014A 8 bits
(H'A400014A)*2

FIFO control register 1 SCFCR1 R/W H'00 H'0400014C 8 bits
(H'A400014C)*

FIFO data count set register 1 SCFDR1 R H'0000 H'0400014E 16 bits
(H'A400014E)*?

Notes: These registers are located in area 1 of the physical space. When the cache is enabled,
either access these registers from the P2 area in the virtual space, or make appropriate
settings by the MMU so that these registers are not cached.

1. Only 0 can be written to clear the flag.

2. When address translation by the MMU does not apply, the address in parentheses
should be used.

17.2  Register Description

Specifications of the registers in the IrDA are the same as those in the SCIF except for the se
mode register described below. Therefore, refer to section 19, Serial Communication Interface
with FIFO, for these registers.
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17.2.1  Serial Mode Register (SCSMR)

SCSMR is an 8-bit register, which can select an IrDA or an SCIF mode, specify an SCIF seri
communication format, select an output pulse width of IrDA and select a baud rate generator
source.

This module operates as IrDA by setting the IRMOD bit to 1. At this time, bits 3 to 6 are fixed
0. This register functions in the same way as the SCSMR register in SCIF by setting the IRM
bit to 0; therefore, this module can also operates as SCIF.

Bitt 7 6 5 4 3 2 1 0
‘IRMOD‘ ICK3 \ ICK2 \ ICK1 \ ICKO \ PSEL \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
SCSMR is initialized to H'00 at power-on reset, manual reset, stop by module standby functi
standby mode.

Bit 7—IrDA Mode (IRMOD): This bit selects whether this module operates as an IrDA serial
communication interface or as an SCIF.

Bit 7: IRMOD  Description

0 Operates as an SCIF (Initial value)

1 Operates as an IrDA

Bits 6 to 3—Ir Cck Select Bits (ICK3-ICKO0): Bit 2—Output pulse width select (PSEL)

Output pulse width select bit (PSEL) selects an output pulse width of IrDA that is 3/16 of bit
length for 115 kbps or 3/16 of a bit length for selected baud rate.

Ir clock select bits should be set properly to fix an output pulse width to 3/16 of bit length for
kbps by setting PSEL bit to 1.

Bit 6: Bit 5: Bit 4: Bit 3: Bit 2:
ICK3 ICK2 ICK1 ICKO PSEL Description

ICK3 ICK2 ICK1 ICKO 1 Pulse width: 3/16 of 115 kbps bit length
Don't Don't Don't Don't 0 Pulse width: 3/16 of a bit length
care care care care

It is necessary to generate a fixed clock pulse, IRCLK, by dividgngdek to 1/2N + 2 with a
value N determined by setting of ICK3-ICKO.
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Example;

P clock: 14.7456 MHz

IRCLK: 921.6 kHz (fixed)

N: setting of ICK3—-ICKO (& N < 15)

Po

2 — —127
2XIRCLK

Accordingly, N is 7.

Bits 1 and 0—Clock Select 1 and 0 (CKS1 and CKSO¥his bit selects an internal baud rate
generator clock source@PP@/4, Rp/16, or RY64 can be selected by setting the CKS1 and CKSO
bits.

Refer to section 17.2.9, Bit Rate Register (SCBRR), for relationships among the clock source,
bit rate register set value, and the baud rate.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Po clock (Initial value)
0 1 P@/4 clock

1 0 P@/16

1 1 P64

Note: Peripheral clock

17.3  Operation Description

The IrDA module can perform a infrared communication conforming to IrDA 1.0 by connecting
infrared transmit/receive unit. A serial communication interface unit includes a 16-stage FIFO
buffer in a transmit unit and a receive unit, and therefore CPU overhead can be reduced and :
high-speed communication can be successively performed. This module also supports DMAC
data transfer. The IrDA module differs from the SCIF in section 19 in that it does not include
modem control signals RTS and CTS.

Refer to section 19.3, Operation, for SCIF mode operation.

17.3.1 Overview

The IrDA module modifies TXxD/RxD transmit/receive data waveforms to satisfy the IrDA 1.0
specification of the infrared communication.
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In the IrDA 1.0 specification, communication is first performed in the rate of 9600 bps, and th
communication rate is changed. However, the communication rate cannot be automatically

changed in this module, and therefore, perform communication by checking the communicat
rate and setting the appropriate rate in this module with software.

Note: In IrDA mode, reception cannot be performed when the TE bit in the serial control rec
(SCSCR) is set to 1 (enabling transmission). When performing reception, clear the T
in SCSCR to 0.
As the SH7709A's RxD1 pin is active-high in IrDA mode, a (Schmidt) inverter must be
inserted when connecting an active-low IrDA module.
The RxD1 pin is active-low in SCIF mode.

17.3.2  Transmit

As for the serial output signal (UART frame) from the SCIF, its waveforms are modified and 1
signal is converted into the IR frame serial output signal by the IrDA module, as shown in figi
17.5.

When serial data is 0, the 3/16-bit width pulse of the IR frame is generated and output. Wher
serial data is 1, a pulse is not output.

The infrared LED is driven with this signal that was demodulated into 3/16 width.

17.3.3 Receive

The 3/16-bit width pulse of the IR frame that was received is demodulated and converted int
UART frame, as shown in figure 17.5.

Demodulation to 0 is performed for pulse output, and demodulation to 1 is performed for no |
output.
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UART frame

A 4

A

Data

Start bit —» - > l«—— Stop bit
0 1 0 1 0 0 1 1 0
Transmitl T Receive
B IR frame o
Start bit —»] < Data > «— Stop bit
‘ | 0| 1 ‘ |_| o 1 |_|O 0| 1 1 ‘ |_| 0
—> -« —> (—
Bit cycle 3/16-bit cycle

pulse width
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Section 18 Pin Function Controller

18.1 Overview

The pin function controller (PFC) is composed of registers for selecting the function of
multiplexed pins and the direction of input/output. The pin function and I/O direction can be
selected for each pin individually without regard to the operating mode of the LSI. Table 18.1

the multiplexed pins.

Table 18.1 List of Multiplexed Pins

0
o
=3

Port Function
(Related Module)

Other Function
(Related Module)

PTA7 1/O (port)

D23 1/0O (data bus)

PTAG 1/O (port)

D22 1/0O (data bus)

PTAS5 1/O (port)

D21 1/O (data bus)

PTA4 1/0O (port)

D20 1/O (data bus)

PTA3 1/O (port)

D19 I/O (data bus)

PTA2 1/O (port)

D18 1/O (data bus)

PTAL1 1/O (port)

D17 1/O (data bus)

PTAO I/O (port)

D16 1/O (data bus)

PTB7 1/O (port)

D31 1/O (data bus)

PTB6 1/O (port)

D30 I/O (data bus)

PTB5 1/O (port)

D29 1/0O (data bus)

PTB4 1/O (port)

D28 1/0O (data bus)

PTB3 1/O (port)

D27 1/O (data bus)

PTB2 1/O (port)

D26 1/0O (data bus)

PTB1 I/O (port)

D25 1/0O (data bus)

PTBO /O (port)

D24 1/0O (data bus)

PTC7 1/O (port)/PINT7 input (INTC)

MCS7 output (BSC)

PTC6 I/O (port)/PINT6 input (INTC)

MCS6 output (BSC)

PTC5 I/O (port)/PINT5 input (INTC)

MCS5 output (BSC)

PTC4 1/O (port)/PINT4 input (INTC)

MCS4 output (BSC)

PTC3 I/O (port)/PINT3 input (INTC)

MCS3 output (BSC)

PTC2 I/O (port)/PINT2 input (INTC)

MCS2 output (BSC)

OO0 |0O00|| | W W W W W|(> > > > > > > >

PTC1 I/O (port)/PINT1 input (INTC)

MCS1 output (BSC)

HITACHI
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Table 18.1 List of Multiplexed Pins (cont)

Port Function
Port (Related Module)

Other Function
(Related Module)

PTCO 1/O (port)/PINTO input (INTC)

MCSO0 output (BSC)

PTD7 I/O (port)

DACK1 output (DMAC)

PTD6 input (port)

DREQ1 input (DMAC)

PTD5 1/O (port)

DACKO output (DMAC)

PTD4 input (port)

DREQO input (DMAC)

PTD3 I/O (port)

WAKEUP output (WTC)

PTD2 1/O (port)

RESETOUT output

PTD1 1/O (port)

DRAKO output (DMAC)

PTDO I/O (port)

DRAK1 output (DMAC)

PTE7 1/O (port)

AUDSYNC output (AUD)**

PTES6 1/O (port)

CAS2L output (BSC)

PTES5 1/O (port)

CE2B output (PCMCIA)

PTEA4 1/O (port)

CE2A output (PCMCIA)

PTE3 I/O (port)

CAS2H output (BSC)

PTE2 1/O (port)

RAS3U output (BSC)

PTEL1 I/O (port)

RAS2U output (BSC)

PTEO /O (port)

TDO output (H-UDI)**

PTF7 input (port)/PINT15 input (INTC)

TRST input (AUD, H-UDI)*?

PTF6 input (port)/PINT14 input (INTC)

TMS input (H-UDI)*?

PTF5 input (port)/PINT13 input (INTC)

TD1 input (H-UDI)*?

PTF4 input (port)/PINT12 input (INTC)

TCK input (H-UDI)*?

PTF3 input (port)/PINT11 input (INTC)

IRLS3 input (INTC)

PTF2 input (port)/PINT10 input (INTC)

IRLS2 input (INTC)

PTF1 input (port)/PINT9 input (INTC)

IRLS1 input (INTC)

PTFO input (port)/PINT8 input (INTC)

IRLSO input (INTC)

PTG?7 input (port)

IOIS16 input (PCMCIA)

PTGS6 input (port)

ASEMDO input (AUD, H-UDI)*?

PTGS5 input (port)

ASEBRKAK output (AUD)**

PTG4 input (port)

PTG3 input (port)

AUDATA3 I/O (AUD)**

OO0 oMM MMM M| M| T MMM M MM M M O O 0| 0| 0| 0|0|O0O

PTG2 input (port)

AUDATA2 1/O (AUD)**
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Table 18.1 List of Multiplexed Pins (cont)

Port Function
Port (Related Module)

Other Function
(Related Module)

G PTG1 input (port) AUDATAL1 output (AUD)**

G PTGO input (port) AUDATAO output (AUD)**

H PTH7 I/O (port) TCLK I/O input (TMU)

H PTH®6 input (port) AUDCK input (AUD)**

H PTHS input (port) ADTRG input (ADC)

H PTH4 input (port)/IRQ4 input (INTC) IRQ4 input (INTC)

H PTHS3 input (port)/IRQ3 input (INTC) IRQ3 input (INTC)

H PTH2 input (port)/IRQ2 input (INTC) IRQ2 input (INTC)

H PTH1 input (port)/IRQ1 input (INTC) IRQ1 input (INTC)

H PTHO input (port)/IRQO input (INTC) IRQO input (INTC)

J PTJ7 1/O (port) STATUS1 output (CPG)

J PTJ6 1/O (port) STATUSO output (CPG)

J PTJ5 I/O (port) CASHH output (BSC)

J PTJ4 I/O (port) CASHL output (BSC)

J PTJ3 I/O (port) CASLH output (BSC)/CASU output (BSC)

J PTJ2 I/O (port) CASLL output (BSC)/CASL output (BSC)

J PTJ1 I/O (port) RAS2L output (BSC)

J PTJO I/O (port) RASSL output (BSC)

K PTK7 1/O (port) WES output (BSC)/DQMUU output
(BSC)/ICIOWR output (BSC)

K PTK®6 1/O (port) WE2 output (BSC)/DQMUL output
(BSC)/ICIORD output (BSC)

K PTKS5 1/O (port) CKE output (BSC)

K PTK4 1/O (port) BS output (BSC)

K PTK3 I/O (port) CS5 output (BSC)/CETA output (BSC)

K PTK2 I/O (port) CS4 output (BSC)

K PTK1 I/O (port) CS3 output (BSC)

K PTKO I/O (port) CS2 output (BSC)

L PTLY7 input (port) AN?7 input (ADC)/DAO output (DAC)

L PTL6 input (port) ANSG input (ADC)/DAL1 output (DAC)

L PTL5 input (port) ANS5 input (ADC)

587

HITACHI



Table 18.1 List of Multiplexed Pins (cont)

Port Function

Other Function

Port (Related Module) (Related Module)
L PTL4 input (port) AN4 input (ADC)
L PTL3 input (port) AN3 input (ADC)
L PTL2 input (port) AN2 input (ADC)
L PTL1 input (port) AN1 input (ADC)
L PTLO input (port) ANO input (ADC)
SCPT SCPT7 input (port)/IRQ5 input (INTC) CTS2 input (UART ch 3)/IRQ5 input (INTC)
SCPT SCPT6 I/O (port) RTS2 output (UART ch 3)
SCPT SCPT5 I/O (port) SCK2 I/0 (UART ch 3)
SCPT SCPT4 input (port) RxD2 input (UART ch 3)
SCPT4 output (port) TxD2 output (UART ch 3)
SCPT SCPT3 /O (port) SCK1 I/O (UART ch 2)
SCPT SCPT2 input (port) RxD1 input (UART ch 2)
SCPT2 output (port) TxD1 output (UART ch 2)
SCPT SCPT1 I/O (port) SCKO I/0 (UART ch 1)
SCPT SCPTO input (port) RxDO input (UART ch 1)
SCPTO output (port) TxDO output (UART ch 1)
Notes: SCPTO, SCPT2, and SCPT4 have the same data register to be accessed although they
have different input pins and output pins.
1. For emulator use only
2. For emulator or boundary scan use only
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18.2

Register Configuration

Table 18.2 summarizes the registers of the pin function controller.

Table 18.2 Pin Function Controller Registers

Name Abbreviation R/W Initial Value Address Access Size
Port A control register PACR R/W  H'0000 H'04000100 16
(H'A4000100)**
Port B control register PBCR R/W  H'0000 H'04000102 16
(H'A4000102)*2
Port C control register PCCR R/W  HAAAA H'04000104 16
(H'A4000104)**
Port D control register PDCR R/W  H'AA8A H'04000106 16
(H'A4000106)*2
Port E control register PECR R/W  H'AAAA/H'2AA8 H'04000108 16
(H'A4000108)**
Port F control register PFCR R/W  H'AAAA/H'00AA H'0400010A 16
(H'A400010A)*2
Port G control register PGCR R/W  H'AAAA/H'8200 H'0400010C 16
(H'A400010C)*?
Port H control register PHCR R/W  H'AAAA/H'S8AAA H'0400010E 16
(H'A400010E)*?
Port J control register PJCR R/W  H'0000 H'04000110 16
(H'A4000110)**
Port K control register PKCR R/W  H'0000 H'04000112 16
(H'A4000112)*2
Port L control register PLCR R/W  H'0000 H'04000114 16
(H'A4000114)**
SC port control register SCPCR R/W  H'A888 H'04000116 16
(H'A4000116)*2

Notes: These registers are located in area 1 of physical space. Therefore, when the cache is
enabled, either access these registers from the P2 area of virtual space or make an

appropriate setting using the MMU so that these registers are not cached.
1. The initial value of the port E, F, G, and H control registers depends on the state of the

ASEMDO pin.

If a low level is input at the ASEMDO pin while the RESETP pin is asserted, ASE mode
is entered; if a high level is input, normal mode is entered. See section 22, Hitachi User
Debugging Interface (H-UDI), for more information on the H-UDI.

2. When address translation by the MMU does not apply, the address in parentheses
should be used.

HITACHI
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18.3  Register Descriptions

18.3.1 Port A Control Register (PACR)

Port A Control Register (PACR) is a 16-bit read/write register that selects the pin functions. P/
is initialized to H'0000 by power-on resets; however, it is not initialized by manual resets, in
standby mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PA7 | PA7 | PA6 | PAG6 | PA5 | PA5 | PA4 | PA4 | PA3 | PA3 | PA2 | PA2 | PA1 | PA1 | PAO | PAO
MD1|MDO|MD1|MDO| MD1|MDO| MD1| MDO| MD1| MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RIW RW R/W RW RW RW RW R/W RW RW RW R/W RW R/W R/W R/W

Bits 15 and 14—PA7 Mode 1 and 0 (PA7MD1, PA7MDO)

Bits 13 and 12-PA6 Mode 1 and 0 (PA6MD1, PA6MDO)

Bits 11 and 16—PA5 Mode 1 and 0 (PA5MD1, PASMDO)

Bits 9 and 8—PA4 Mode 1 and 0 (PA4MD1, PA4MDO)

Bits 7 and 6—PA3 Mode 1 and 0 (PA3MD1, PA3MDO)

Bits 5 and 4—PA2 Mode 1 and 0 (PA2MD1, PA2MDO0)

Bits 3 and 2—PA1 Mode 1 and 0 (PA1MD1, PA1IMDO)

Bits 1 and —PAOQ Mode 1 and 0 (PAOMD1, PAOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PAnMD1 Bit 2n: PANMDO Pin Function
0 0 Other function (See table 18.1) (Initial value)

Port output

0 1
1 0 Port input (Pullup MOS: on)
1 1 Port input (Pullup MOS: off)

(n=0to7)
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18.3.2  Port B Control Register (PBCR)

Port B Control Register (PBCR) is a 16-bit read/write register that selects the pin functions. F
is initialized to H'0000 by power-on resets; however, it is not initialized by manual resets, in
standby mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PB7| PB7 | PB6| PB6 | PB5 | PB5 | PB4 | PB4 | PB3 | PB3 | PB2 | PB2 | PB1 | PB1 | PBO | PBO
mMD1|MDO|MD1|MDO|MD1|MDO| MD1| MDO|MD1 | MDO | MD1 | MDO| MD1 | MDO | MD1 | MDO

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RIW RW R/W RW RW RW RW R/W RW RW RW RW R/W R/W R/W R/W

Bits 15 and 14—PB7 Mode 1 and 0 (PB7MD1, PB7MDO)

Bits 13 and 12—PB6 Mode 1 and 0 (PB6MD1, PB6MDO)

Bits 11 and 10—PB5 Mode 1 and 0 (PB5MD1, PB5MDO)

Bits 9 and 8—PB4 Mode 1 and 0 (PB4MD1, PB4MDO)

Bits 7 and 6—PB3 Mode 1 and 0 (PB3MD1, PB3MDO)

Bits 5 and 4—PB2 Mode 1 and 0 (PB2MD1, PB2MDO)

Bits 3 and 2—PB1 Mode 1 and 0 (PB1MD1, PB1MDO)

Bits 1 and 0—PBO0 Mode 1 and 0 (PBOMD1, PBOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PBnMD1 Bit 2n: PBnMDO Pin Function
0 0 Other function (See table 18.1) (Initial value)

Port output

0 1
1 0 Port input (Pullup MOS: on)
1 1 Port input (Pullup MOS: off)

(n=0to7)
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18.3.3  Port C Control Register (PCCR)

Port C Control Register (PCCR) is a 16-bit read/write register that selects the pin functions. P«
is initialized to H'AAAA by power-on resets; however, it is not initialized by manual resets, in
standby mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PC7| PC7| PC6| PC6| PC5| PC5| PC4| PC4| PC3| PC3| PC2| PC2| PC1| PC1| PCO| PCO
MD1|MDO|MD1|MDO| MD1|MDO| MD1| MDO| MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0
R/W: RIW RW RW RW R/W R/W RW RW R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 and 14—PC7 Mode 1 and 0 (PC7MD1, PC7MDO)

Bits 13 and 12—PB6 Mode 1 and 0 (PC6MD1, PC6MDO0)

Bits 11 and 10—PC5 Mode 1 and 0 (PC5MD1, PC5MDO)

Bits 9 and 8—PC4 Mode 1 and 0 (PC4MD1, PC4MDO)

Bits 7 and 6—PC3 Mode 1 and 0 (PC3MD1, PC3MDO)

Bits 5 and 4—PC2 Mode 1 and 0 (PC2MD1, PC2MDO)

Bits 3 and 2—PC1 Mode 1 and 0 (PC1MD1, PC1MDO)

Bits 1 and 0—PCO Mode 1 and 0 (PCOMD1, PCOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PCnMD1 Bit 2n: PCnMDO Pin Function
0 0 Other function (See table 18.1)

Port output

0 1
1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)

(n=0to7)
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18.3.4  Port D Control Register (PDCR)

Port D Control Register (PDCR) is a 16-bit read/write register that selects the pin functions. F
is initialized to H'AA8A by power-on resets; however, it is not initialized by manual resets, in
standby mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PD7| PD7| PD6| PD6 | PD5| PD5| PD4 | PD4 | PD3| PD3 | PD2 | PD2 | PD1| PD1| PDO| PDO
mMD1|MDO|MD1|MDO|MD1|MDO| MD1| MDO|MD1 | MDO | MD1 | MDO| MD1 | MDO | MD1 | MDO

Initial value: 1 0 1 0 1 0 1 0 1 0 0 0 1 0 1 0
R/W: RIW RW R/W RW RW RW RW R/W RW RW RW RW R/W R/W R/W R/W

Bits 15 and 14—PD7 Mode 1 and 0 (PD7MD1, PD7MDO)

Bits 11 and 10—PD5 Mode 1 and 0 (PD5MD1, PD5MDO)

Bits 7 and 6—PD3 Mode 1 and 0 (PD3MD1, PD3MDO)

Bits 5 and 4—PD2 Mode 1 and 0 (PD2MD1, PD2MDO0)

Bits 3 and 2—PD1 Mode 1 and 0 (PD1MD1, PD1MDO)

Bits 1 and 0—PDO Mode 1 and 0 (PDOMD1, PDOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PDNnMD1 Bit 2n: PDnMDO Pin Function
0 0 Other function (See table 18.1)
(Initial value) (n = 2)

0 1 Port output
1 0 Port input (Pullup MOS: on)

(Initial value) (n=0, 1, 3,5, 7)
1 1 Port input (Pullup MOS: off)

(n=0-3,5,7)

Bits 13 and 12—PD6 Mode 1 and 0 (PD6MD1, PD6MDO)
Bits 9 and 8—PD4 Mode 1 and 0 (PD4MD1, PD4MDO)
These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PDnMD1 Bit 2n: PDnMDO Pin Function
0 0 Other function (See table 18.1)
0 1 Reserved
1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)
(n=4,6)
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18.3.5 Port E Control Register (PECR)

Port E Control Register (PECR) is a 16-bit read/write register that selects the pin functions. Pl
is initialized to H'AAAA (ASEMDO = 1) or H'2AA8 ASEMDO = 0) by power-on resets;
however, it is not initialized by manual resets, in software standby mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PE7 | PE7 | PE6| PE6 | PE5 | PE5 | PE4 | PE4 | PE3 | PE3 | PE2 | PE2 | PE1 | PE1 | PEO | PEO
MD1| MDO|MD1| MDO|MD1|MDO|MD1|MDO|MD1| MDO|MD1|MDO|MD1| MDO|MD1|MDO

Initial value: 1/0 0 1 0 1 0 1 0 1 0 1 0 1 0 1/0 0
R/W: RIW RW RW RW R/W R/W R/W RW RW RW RW R/W R/W RW RW R/W

Bits 15 and 14—PE7 Mode 1 and 0 (PE7MD1, PE7MDO)

Bits 13 and 12—PE6 Mode 1 and 0 (PE6MD1, PE6MDO)

Bits 11 and 10—PE5 Mode 1 and 0 (PE5MD1, PE5SMDO)

Bits 9 and 8—PE4 Mode 1 and 0 (PE4MD1, PE4MDO)

Bits 7 and 6—PE3 Mode 1 and 0 (PE3MD1, PE3MDO)

Bits 5 and 4—PE2 Mode 1 and 0 (PE2MD1, PE2MDO)

Bits 3 and 2—PE1 Mode 1 and 0 (PE1MD1, PE1IMDO)

Bits 1 and 0—PEO Mode 1 and 0 (PEOMD1, PEOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PEnMD1 Bit 2n: PEnMDO Pin Function
0 0 Reserved (n =0, 7) (See table 18.1)

(Initial value) (ASEMDO = 0)
0 1 Port output

0 Port input (Pullup MOS: on)

(Initial value) (ASEMDO = 1)

1 1 Port input (Pullup MOS: off)
(n=0,7)

Bit (2n + 1): PEnMD1 Bit 2n: PEnMDO Pin Function
0 0 Other function (See table 18.1)

Port output

0 1
1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)

(n=1to06)
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18.3.6  Port F Control Register (PFCR)

Port F Control Register (PFCR) is a 16-bit read/write register that selects the pin functions. P
is initialized to H'AAAA (ASEMDO = 1) or H'OOAA ASEMDO = 0) by power-on resets;
however, it is not initialized by manual resets, in standby mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PF7 | PF7 | PF6 | PF6 | PF5 | PF5 | PF4 | PF4 | PF3 | PF3 | PF2 | PF2 | PF1 | PF1 | PFO | PFO
MD1 | MDO | MD1| MDO | MD1 | MDO| MD1| MDO | MD1 | MDO | MD1| MDO | MD1 | MDO | MD1 | MDO

Initial value: 1/0 0 1/0 0 1/0 0 1/0 0 1 0 1 0 1 0 1 0
R/W: RIW RW RW RW R/W R/W R/W RW RW RW R/W R/W R/W RW RW R/W

Bits 15 and 14—PF7 Mode 1 and 0 (PF7MD1, PF7MDO)

Bits 13 and 12—PF6 Mode 1 and 0 (PF6MD1, PF6MDO)

Bits 11 and 10—PF5 Mode 1 and 0 (PF5MD1, PF5MDO)

Bits 9 and 8—PF4 Mode 1 and 0 (PF4MD1, PF4MDO)

Bits 7 and 6—PF3 Mode 1 and 0 (PF3MD1, PF3MDO0)

Bits 5 and 4—PF2 Mode 1 and 0 (PF2MD1, PF2MDO)

Bits 3 and 2—PF1 Mode 1 and 0 (PF1MD1, PF1MDO)

Bits 1 and 0—PFO Mode 1 and 0 (PFOMD1, PFOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PFnMD1 Bit 2n: PFnMDO Pin Function
0 0 Other function (See table 18.1)
(Initial value) (ASEMDO = 0)
0 1 Reserved
1 0 Port input (Pullup MOS: on)
(Initial value) (ASEMDO = 1)
1 1 Port input (Pullup MOS: off)
(n=41t07)
Bit (2n + 1): PFnMD1 Bit 2n: PFnMDO Pin Function
0 0 Other function (See table 18.1)
0 1 Reserved
1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)
(n=0to 3)
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18.3.7 Port G Control Register (PGCR)

Port G Control Register (PGCR) is a 16-bit read/write register that selects the pin functions. P
is initialized to H'AAAA (ASEMDO = 1) or H'8200 ASEMDO = 0) by power-on resets; however,
it is not initialized by manual resets, in standby mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PG7| PG7| PG6| PG6| PG5| PG5| PG4| PG4 | PG3| PG3| PG2| PG2| PG1| PG1| PGO| PGO
MD1|MDO|MD1|MDO| MD1|MDO| MD1| MDO| MD1 | MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 1 0 1/0 0 1/0 0 1 0 1/0 0 1/0 0 1/0 0 1/0 0
R/W: RIW RW RW RW R/W R/W R/W RW RW RW RW R/W R/W RW RW R/W

Bits 15 and 14—PG7 Mode 1 and 0 (PG7MD1, PG7MDO)

Bits 13 and 12—PG6 Mode 1 and 0 (PG6MD1, PG6MDO)

Bits 11 and 10—PG5 Mode 1 and 0 (PG5MD1, PG5MDO)

Bits 9 and 8—PG4 Mode 1 and 0 (PG4MD1, PG4MDO0)

Bits 7 and 6—PG3 Mode 1 and 0 (PG3MD1, PG3MDO)

Bits 5 and 4—PG2 Mode 1 and 0 (PG2MD1, PG2MDO)

Bits 3 and 2—PG1 Mode 1 and 0 (PG1MD1, PG1MDO)

Bits 1 and 0—PGO Mode 1 and 0 (PGOMD1, PGOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PGnMD1 Bit 2n: PGnMDO Pin Function
0 0 Other function (n =0 to 3, 5), (See table 18.1)
(Initial value) (ASEMDO = 0)
0 1 Reserved
0 Port input (Pullup MOS: on)
(Initial value) (ASEMDO = 1)
1 1 Port input (Pullup MOS: off)
(n=01t03,5)
Bit (2n + 1): PGnMD1 Bit 2n: PGnMDO Pin Function
0 0 Other function (n = 6 or 7), (See table 18.1),
Reserved (n = 4)
0 1 Reserved
0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)
(n=4,6,7)
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18.3.8  Port H Control Register (PHCR)

Port H Control Register (PHCR) is a 16-bit read/write register that selects the pin functions. F
is initialized to H'AAAA (ASEMDO = 1) or H'8AAA (ASEMDO = 0) by power-on resets;
however, it is not initialized by manual resets, in standby mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PH7| PH7 | PH6| PH6 | PH5 | PH5 | PH4 | PH4 | PH3| PH3 | PH2 | PH2 | PH1| PH1| PHO | PHO
mMD1|MDO|MD1|MDO|MD1|MDO| MD1| MDO|MD1 | MDO | MD1 | MDO| MD1 | MDO | MD1 | MDO

Initial value: 1 0 1/0 0 1 0 1 0 1 0 1 0 1 0 1 0
R/W: RIW RW RW RW R/W R/W R/W RW RW RW R/W R/W R/W RW RW R/W

Bits 15 and 14—PH7 Mode 1 and 0 (PH7MD1, PH7MDO)fhese bits select the pin functions
and the input pullup MOS control.

Bit 15: PH7MD1 Bit 14: PH7MDO Pin Function
0 0 Other function (See table 18.1)

0 1 Port output
1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)

Bits 13 and 12—PH6 Mode 1 and 0 (PH6MD1, PH6MDO)

Bits 11 and 10—PH5 Mode 1 and 0 (PH5MD1, PH5MDO)

Bits 9 and 8—PH4 Mode 1 and 0 (PH4MD1, PH4MDO)

Bits 7 and 6—PH3 Mode 1 and 0 (PH3MD1, PH3MDO)

Bits 5 and 4—PH2 Mode 1 and 0 (PH2MD1, PH2MDO)

Bits 3 and 2—PH1 Mode 1 and 0 (PH1MD1, PH1MDO)

Bits 1 and 0—PHO Mode 1 and 0 (PHOMD1, PHOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit 13: PH6MD1 Bit 12: PH6MDO Pin Function

0 0 Other function (See table 18.1) (Initial value)
(ASEMDO = 0)

0 1 Reserved

1 0 Port input (Pullup MOS: on) (Initial value)
(ASEMDO =1)

1 1 Port input (Pullup MOS: off)
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Bit (2n + 1): PHNMD1 Bit 2n: PHhMDO Pin Function

0 0 Other function (See table 18.1)

0 1 Reserved

1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)

(n=0to5)
18.3.9 Port J Control Register (PJCR)

Port J Control Register (PJCR) is a 16-bit read/write register that selects the pin functions. PJ
initialized to H'0000 by power-on resets; however, it is not initialized by manual resets, in stan
mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PJ7 | PJ7 | PJ6 | PJ6| PJ5 | PJ5| PJ4| PJ4| PJ3| PJ3| PJ2| PJ2| PJ1| PJ1| PJO| PJO
MD1|MDO|MD1|MDO|MD1|MDO| MD1| MDO| MD1| MDO | MD1 | MDO | MD1 | MDO | MD1 | MDO

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RIW RW RW RW R/W R/W R/W RW RW RW R/W R/W R/W RW RW R/W

Bits 15 and 14—PJ7 Mode 1 and 0 (PJ7MD1, PJ7MDO)

Bits 13 and 12—PJ6 Mode 1 and 0 (PJ6MD1, PJ6MDO)

Bits 11 and 10—PJ5 Mode 1 and 0 (PJ5MD1, PJ5MDO)

Bits 9 and 8—PJ4 Mode 1 and 0 (PJ4MD1, PJ4MDO)

Bits 7 and 6—PJ3 Mode 1 and 0 (PJ3MD1, PJ3MDO)

Bits 5 and 4—PJ2 Mode 1 and 0 (PJ2MD1, PJ2MDO)

Bits 3 and 2—PJ1 Mode 1 and 0 (PJ1MD1, PJ1IMDO)

Bits 1 and 0—PJO Mode 1 and 0 (PJOMD1, PJOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PIJnMD1 Bit 2n: PInMDO Pin Function

0 0 Other function (See table 18.1) (Initial value)
0 1 Port output

1 0 Port input (Pullup MOS: on)

1 1 Port input (Pullup MOS: off)

(n=0to07)
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18.3.10 Port K Control Register (PKCR)

Port K Control Register (PKCR) is a 16-bit read/write register that selects the pin functions. F
is initialized to H'0000 by power-on resets; however, it is not initialized by manual resets, in
standby mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PK7 | PK7 | PK6 | PK6 | PK5 | PK5 | PK4 | PK4 | PK3 | PK3 | PK2 | PK2 | PK1 | PK1 | PKO | PKO
mMD1|MDO|MD1|MDO|MD1|MDO| MD1| MDO|MD1 | MDO | MD1 | MDO| MD1 | MDO | MD1 | MDO

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RIW RW R/W RW RW RW RW R/W RW RW RW RW R/W R/W R/W R/W

Bits 15 and 14—PK7 Mode 1 and 0 (PK7MD1, PK7MDO)

Bits 13 and 12—PK6 Mode 1 and 0 (PK6MD1, PK6MDO)

Bits 11 and 10—PKS5 Mode 1 and 0 (PK5MD1, PK5MDO)

Bits 9 and 8—PK4 Mode 1 and 0 (PK4MD1, PK4MDO)

Bits 7 and 6—PK3 Mode 1 and 0 (PK3MD1, PK3MDO)

Bits 5 and 4—PK2 Mode 1 and 0 (PK2MD1, PK2MDO)

Bits 3 and 2—PK1 Mode 1 and 0 (PK1MD1, PK1MDO)

Bits 1 and 0—PKO Mode 1 and 0 (PKOMD1, PKOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PKNnMD1 Bit 2n: PKNnMDO Pin Function
0 0 Other function (See table 18.1) (Initial value)

Port output

0 1
1 0 Port input (Pullup MOS: on)
1 1 Port input (Pullup MOS: off)

(n=0to7)
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18.3.11 Port L Control Register (PLCR)

Port L Control Register (PLCR) is a 16-bit read/write register that selects the pin functions. PL
is initialized to H'0000 by power-on resets; however, it is not initialized by manual resets, in
standby mode, or in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PL7| PL7| PL6| PL6| PL5| PL5| PL4| PL4| PL3| PL3| PL2| PL2| PL1| PL1| PLO| PLO
MD1| MDO|MD1| MDO|MD1|MDO|MD1|MDO|MD1| MDO|MD1|MDO|MD1| MDO|MD1|MDO

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RIW RW RW RW R/W R/W RW RW R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 and 14—PL7 Mode 1 and 0 (PL7MD1, PL7MDO)

Bits 13 and 12—PL6 Mode 1 and 0 (PL6MD1, PL6MDO)

Bits 11 and 10—PL5 Mode 1 and 0 (PL5MD1, PL5MDO)

Bits 9 and 8—PL4 Mode 1 and 0 (PL4AMD1, PLAMDO)

Bits 7 and 6—PL3 Mode 1 and 0 (PL3MD1, PL3MDO)

Bits 5 and 4—PL2 Mode 1 and 0 (PL2MD1, PL2MDO)

Bits 3 and 2—PL1 Mode 1 and 0 (PL1MD1, PL1MDO)

Bits 1 and 0—PLO Mode 1 and 0 (PLOMD1, PLOMDO)

These bits select the pin functions and the input pullup MOS control.

Bit (2n + 1): PLnMD1 Bit 2n: PLnMDO Pin Function

0 0 Other function (See table 18.1) (Initial value)
0 1 Reserved

1 0 Port input

1 1 Port input

(n=0to7)

When the DAO and DA1 pins are used as the D/A converter outputs or when PTL7 and PTL6
used as the other function states, PLCR should remain at its initial value.
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18.3.12 SC Port Control Register (SCPCR)

SC Port Control Register (SCPCR) is a 16-bit read/write register that selects the pin function
setting of SCPCR is valid only when the transmit/receive operation is disabled in the setting
SCSCR register. SCPCR s initialized to H'A888 by power-on resets; however, it is not initiali
by manual resets, in standby mode, or in sleep mode. When the TE bit in SCSCR is set to 1,
other function output state has a higher priority than the SCPCR setting of the TxD[2:0] pin. \
the RE bit in SCSCR is set to 1, the input state has a higher priority than the SCPCR setting
RxD[2:0] pin.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCP7|SCP7|SCP6SCP6SCP5SCP5SCP4SCP4SCP3SCP3SCP2SCP2SCP1SCP1SCPOSCPO
MD1|MDO| MD1|MDO|MD1|MDO| MD1|MDO | MD1|MDO|MD1|MDO|MD1|MDO | MD1| MDO

Initial value: 1 0 1 0 1 0 0 0 1 0 0 0 1 0 0 0
R/W: RIW RW RW R/W R/W R/W RW RW R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 and 14—SCP7 Mode 1 and 0 (SCP7MD1, SCP7MD@hese bits select the pin
functions and the input pullup MOS control.

Bit 15: SCP7MD1 Bit 14: SCP7MDO Pin Function

0 0 Other function (See table 18.1)

0 1 Reserved

1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)

Bits 13 and 12—SCP6 Mode 1 and 0 (SCP6MD1, SCP6MDQO)hese bits select the pin
functions and the input pullup MOS control.

Bit 13: SCP6MD1 Bit 12: SCP6MDO Pin Function

0 0 Other function (See table 18.1)

0 1 Port output

1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)
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Bits 11 and 10: SCP5 Mode 1 and 0 (SCP5MD1, SCP5MD0)hese bits select the pin
functions and the input pullup MOS control.

Bit 11: SCP5MD1 Bit 10: SCP5MDO Pin Function

0 0 Other function (See table 18.1)

0 1 Port output

1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)

Bits 9 and 8—SCP4 Mode 1 and 0 (SCP4MD1, SCP4MD(Jhese bits select the pin functions
and the input pullup MOS control.

Bit 9: SCP4MD1 Bit 8: SCP4MDO Pin Function
0 0 Transmit data output 2 (TxD2)
Receive data input 2 (RxD2) (Initial value)
0 1 General output (SCPT[4] output pin)
Receive data input 2 (RxD2)
1 0 SCPTI[4] input pin pullup (input pin)
Transmit data output 2 (TxD2)
1 1 General input (SCPT[4] input pin)

Transmit data output 2 (TxD2)

Note: There is no combination of simultaneous I/O of SCPT[4] because one bit (SCP4DT) is
accessed using two pins of TxD2 and RxD2.

When the port input is set (bit SCPNMD1 is set to 1) and when the TE bit in SCSCR is set to 1
TxD2 pin is in the output state. When the TE bit is cleared to 0, the TxD2 pin is in the high-
impedance state.

Bits 7 and 6—SCP3 Mode land 0 (SCP3MD1, SCP3MD0lhese bits select the pin functions
and the input pullup MOS control.

Bit 7: SCP3MD1 Bit 6: SCP3MDO Pin Function
0 0 Other function (See table 18.1)

0 1 Port output
1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)
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Bits 5 and 4—SCP2 Mode land 0 (SCP2MD1, SCP2MDU0jhese bits select the pin functions
and the input pullup MOS control.

Bit 5: SCP2MD1 Bit 4: SCP2MDO Pin Function
0 0 Transmit data output 1 (TxD1)
Receive data input 1 (RxD1) (Initial value)
0 1 General output (SCPT[2] output pin)
Receive data input 1 (RxD1)
1 0 SCPT[2] input pin pullup (input pin)
Transmit data output 1 (TxD1)
1 1 General input (SCPT[2] input pin)

Transmit data output 1 (TxD1)

Note: There is no combination of simultaneous I/O of SCPT[2] because one bit (SCP2DT) is
accessed using two pins of TxD1 and RxD1.

When the port input is set (bit SCPnNMD1 is set to 1) and when the TE bit in SCSCR is set to
TxD1 pin is in the output state. When the TE bit is cleared to 0, the TxD1 pin is in the high-
impedance state.

Bits 3 and 2—SCP1 Mode land 0 (SCP1MD1, SCP1MDO0jhese bits select the pin functions
and the input pullup MOS control.

Bit 3: SCP1MD1 Bit 2: SCP1MDO Pin Function

0 0 Other function (See table 18.1)

0 1 Port output

1 0 Port input (Pullup MOS: on) (Initial value)
1 1 Port input (Pullup MOS: off)

Bits 1 and 0—SCPO Mode 1 and 0 (SCPOMD1, SCPOMDU0Jhese bits select the pin functions
and the input pullup MOS control.

Bit 1: SCPOMD1 Bit 0: SCPOMDO Pin Function
0 0 Transmit data output 0 (TxDO)
Receive data input 0 (RxDO) (Initial value)
0 1 General output (SCPT[0] output pin)
Receive data input 0 (RxDO)
1 0 SCPTI[0] input pin pullup (input pin)
Transmit data output 0 (TxDO)
1 1 General input (SCPTI[0] input pin)

Transmit data output 0 (TxDO)

Note: There is no combination of simultaneous I/O of SCPT[0] because one bit (SCPODT) is
accessed using two pins of TxDO and RxDO.
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When the port input is set (bit SCPNMD1 is set to 1) and when the TE bit in SCSCR is set to 1
TxDO pin is in the output state. When the TE bit is cleared to 0, the TxDO pin is in the high-
impedance state.
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Section 19 1/0O Ports

19.1 Overview

This LSI has twelve 8-bit ports (ports A to L and SC). All port pins are multiplexed with other
functions (Pin Function Controller (PFC) maintains the selection of the pin functions and pull
MOS control). Each port has a data register which stores the data to the pins.

19.2 Port A

Port A is an 8-bit I/O port with the pin configuration shown in figure 19.1. Each pin has an ing
pullup MOS, which is controlled by Port A Control Register (PACR) in PFC.

<« PTA7 (1/0)/D23 (I/O)
<«—» PTA6 (1/0)/D22 (I/0)
<« PTAS5 (1/0)/D21 (I/O)
Port A [—> PTA4 (1/0)/D20 (1/O)
<« PTA3 (1/0)/D19 (I/O)
<«—» PTA2 (1/0)/D18 (I/O)
<« PTAL (1/0)/D17 (I/O)
<«—» PTAO (1/0)/D16 (I/O)

Figure 19.1 Port A

19.2.1 Register Descriptions
Table 19.1 summarizes the register of port A.

Table 19.1 Register Descriptions

Name Abbreviation R/W Initial Value Address Access Size
Port A data register PADR R/W H'0000 H'04000120 8
(H'A4000120)*

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.2.2 Port A Data Register (PADR)

Port A data Register (PADR) is an 8-bit read/write register that stores data for pins PTA7 to
PTAO. PA7DT to PAODT bit corresponds to PTA7 to PTAO pin. When the pin function is genel
output port, if the port is read the value of the corresponding PADR bit is returned directly. Wk
the function is general input port, if the port is read the corresponding pin level is read. Table :
shows the function of PADR.

PADR is initialized to H'0000 by a power-on reset. It retains its previous value in standby mod
and sleep mode, and in a manual reset.

Bitt 7 6 5 4 3 2 1 0
\ PA7DT \ PA6DT‘ PASDT \ PA4DT‘ PA3DT‘ PA2DT \ PAlDT‘ PAODT \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 19.2 Read/Write Operation of the Port A Data Register (PADR)

PANMD1 PANMDO Pin State Read Write
0 0 Other function PADR value Value is written to PADR, but does not affect
(see table 18.1) pin state.
1 Output PADR value Write value is output from pin.
1 0 Input (Pullup  Pin state Value is written to PADR, but does not affect
MOS on) pin state.
1 Input (Pullup  Pin state Value is written to PADR, but does not affect
MOS off) pin state.
(n=71t00)
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19.3 Port B

Port B is an 8-bit I/O port with the pin configuration shown in figure 19.2. Each pin has an ing
pullup MOS, which is controlled by Port B Control Register (PBCR) in PFC.

<« PTB7 (1/0)/D31 (I/O)
<«—» PTB6 (1/0)/D30 (1/0)
<« PTB5 (1/0)/D29 (I/0)
PortB |[«— PTB4 (/0)/D28 (1/O)
<« PTB3 (1/0)/D27 (I/0)
<«—» PTB2 (1/0)/D26 (1/0)
<« PTB1 (1/0)/D25 (I/0)
<« PTBO (1/0)/D24 (I/O)

Figure 19.2 Port B

19.3.1 Register Descriptions
Table 19.3 summarizes the register of port B.

Table 19.3 Register Descriptions

Name Abbreviation R/W Initial Value Address Access Size
Port B data register PBDR R/W H'0000 H'04000122 8
(H'A4000122)*

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.3.2 Port B Data Register (PBDR)

Port B data register (PBDR) is an 8-bit read/write register that stores data for pins PTB7 to PT
PB7DT to PBODT bit corresponds to PTB7 to PTBO pin. When the pin function is general outf
port, if the port is read the value of the corresponding PBDR bit is returned directly. When the
function is general input port, if the port is read the corresponding pin level is read. Table 19.4
shows the function of PBDR.

PBDR is initialized to H'0000 by a power-on reset. It retains its previous value in standby mod
and sleep mode, and in a manual reset.

Bitt 7 6 5 4 3 2 1 0
\ PB7DT \ PBGDT‘ PB5DT \ PB4DT‘ PBsDT‘ PB2DT \ PBlDT‘ PBODT \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 19.4 Read/Write Operation of the Port B Data Register (PBDR)

PBnMD1 PBNnMDO Pin State Read Write
0 0 Other function PBDR value Value is written to PBDR, but does not affect
(see table 18.1) pin state.
1 Output PBDR value Write value is output from pin.
1 0 Input (Pullup  Pin state Value is written to PBDR, but does not affect
MOS on) pin state.
1 Input (Pullup  Pin state Value is written to PBDR, but does not affect
MOS off) pin state.
(n=71t00)
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19.4 Port C

Port C is an 8-bit 1/O port with the pin configuration shown in figure 19.3. Each pin has an inf
pullup MOS, which is controlled by Port C Control Register (PCCR) in PFC.

«—» PTC7 (/O)/PINT7 (input)/MSC7 (output)
«—» PTCS6 (I/0)/PINT6 (input)/MSCB6 (output)
«—» PTC5 (I/0)/PINTS5 (input)/MSC5 (output)
Port C [«— PTC4 (I/0)/PINT4 (input)/MSC4 (output)
«—» PTC3 (/0)/PINT3 (input)/MSC3 (output)
«—» PTC2 (I/0)/PINT2 (input)/MSC2 (output)
«—» PTC1 (/O)/PINT1 (input)/MSCT (output)
«—» PTCO (I/0)/PINTO (input)/MSCO (output)

Figure 19.3 Port C

19.4.1 Register Descriptions
Table 19.5 summarizes the register of port C.

Table 19.5 Register Description

Name Abbreviation R/W Initial Value Address Access Size
Port C data register PCDR R/W H'00 H'04000124 8
(H'A4000124)*

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.4.2 Port C Data Register (PCDR)

Port C data register (PCDR) is an 8-bit read/write register that stores data for pins PTC7 to P
PC7DT to PCODT bit corresponds to PTC7 to PTCO pin. When the pin function is general out
port, if the port is read, the value of the corresponding PCDR bit is returned directly. When the
function is general input port, if the port is read, the corresponding pin level is read. Table 19.¢
shows the function of PCDR.

PCDR is initialized to H'00 by a power-on reset, after which the general input port function
(pullup MOS on) is set as the initial pin function, and the corresponding pin levels are read.

Bitt 7 6 5 4 3 2 1 0
\ PC7DT‘ PCGDT‘ PC5DT‘ PC4DT‘ PC3DT‘ PC2DT‘ PClDT‘ PCODT‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 19.6 Read/Write Operation of the Port C Data Register (PCDR)

PCnMD1 PCnMDO Pin State Read Write
0 0 Other function PCDR value Value is written to PCDR, but does not affect
(see table 18.1) pin state.
Output PCDR value Write value is output from pin.
1 0 Input (Pullup  Pin state Value is written to PCDR, but does not affect
MOS: on) pin state.
1 Input (Pullup  Pin state Value is written to PCDR, but does not affect
MOS: off) pin state.
(n=71t00)
610

HITACHI



19.5 Port D

Port D is a 6-bit I/O and 2-bit input port with the pin configuration shown in figure 19.3. Each
has an input pullup MOS, which is controlled by Port D Control Register (PDCR) in PFC.

«—» PTD7 (I/0)/DACK1 (output)
.«——— PTD6 (input)/DREQT (input)
«—» PTDS5 (I/0)/DACKO (output)
PortD [+—— PTD4 (input)/DREQO (input)
l«—» PTD3 (I/0)/WAKEUP (output)
<«—» PTD2 (/O)/RESETOUT (output)
.«——» PTD1 (I/O)/DRAKO (output)
«—» PTDO (I/0)/DRAK1 (output)

Figure 19.4 PortD

19.5.1 Register Descriptions
Table 19.7 summarizes the register of port D.

Table 19.7 Register Descriptions

Name Abbreviation R/W Initial Value  Address Access Size
Port D data register PDDR R/W or R B'0*0*0000 H'04000126 8
(H'A4000126)**

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* Means no value.

1. When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.5.2 Port D Data Register (PDDR)

Port D data register (PDDR) is a 6-bit read/write and 2-bit read register that stores data for pir
PTD7 to PTDO. PD7DT to PDODT bit corresponds to PTD7 to PTDO pin. When the pin functio
is general output port, if the port is read, the value of the corresponding PDDR bit is returned
directly. When the function is general input port, if the port is read, the corresponding pin level
read. Table 19.8 shows the function of PDDR.

PDDR is initialized to B'0*0*0000 by a power-on reset. After initialization, the general input po
function (pullup MOS on) is set as the initial pin function, and the corresponding pin levels are
read from bits PD7DT—PD3DT, PD1DT, and PDODT. It retains its previous value in standby
mode and sleep mode, and in a manual reset.

Note that the low level is read if bits 6 and 4 are read except in general-purpose input.

Bitt 7 6 5 4 3 2 1 0
| PD7DT | PD6DT | PDSDT | PDADT | PD3DT | PD2DT | PD1DT | PDODT |
Initial value: 0 * 0 * 0 0 0 0
RW:  R/W R RIW R RW RW RW  RW

Note: * Undefined

Table 19.8 Read/Write Operation of the Port D Data Register (PDDR)

PDnMD1 PDnMDO Pin State Read Write
0 0 Other function PDDR value Value is written to PDDR, but does not affect
(see tabel 18.1) pin state.
1 Output PDDR value Write value is output from pin.
1 0 Input (Pullup  Pin state Value is written to PDDR, but does not affect
MOS: on) pin state.
1 Input (Pullup  Pin state Value is written to PDDR, but does not affect
MOS: off) pin state.
(n=0,1,2,3,57)
PDnMD1 PDnMDO Pin State Read Write
0 0 Other function Low level Ignored ( no affect on pin state)
(see table 18.1)
Reserved Low level Ignored ( no affect on pin state)
1 0 Input (Pullup  Pin state Ignored ( no affect on pin state)
MOS: on)
1 Input (Pullup  Pin state Ignored ( no affect on pin state)
MOS: off)

(n=4,6)
612
HITACHI



19.6 Port E

Port E is an 8-bit I/O port with the pin configuration shown in figure 19.5. Each pin has an ing
pullup MOS, which is controlled by Port E Control Register (PECR) in PFC.

«—» PTE7 (I/0)/AUDSYNC (output)
<«—» PTEG6 (I/O)/CAS2L (output)
«—» PTES5 (I/0)/CE2B (output)
Port E [+ PTE4 (I/0)/CE2A (output)
«—» PTES3 (I/0)/CAS2H (output)
«—» PTE2 (I/0)/RAS3U (output)
<«—» PTE1 (/O)/RAS2U (output)
«—» PTEO (I/0)/TDO (output)

Figure 19.5 Port E

19.6.1 Register Descriptions
Table 19.9 summarizes the register of port E.

Table 19.9 Register Descriptions

Name Abbreviation R/W Initial Value Address Access Size
Port E data register PEDR R/W H'00 H'04000128 8
(H'A4000128)*

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.6.2 Port E Data Register (PEDR)

Port E data register (PEDR) is an 8-bit read/write register that stores data for pins PTE7 to PT
PE7DT to PEODT bit corresponds to PTE7 to PTEO pin. When the pin function is general outf
port, if the port is read the value of the corresponding PEDR bit is returned directly. When the
function is general input port, if the port is read the corresponding pin level is read. Table 19.1
shows the function of PEDR.

PEDR is initialized to H'00 by a power-on reset, after which the general input port function
(pullup MOS on) is set as the initial pin function, and the corresponding pin levels are read. It
retains its previous value in standby mode and sleep mode, and in a manual reset.

Bitt 7 6 5 4 3 2 1 0
\ PE7DT \ PE6DT‘ PESDT \ PE4DT‘ PE3DT‘ PE2DT \ PElDT‘ PEODT \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 19.10 Read/Write Operation of the Port E Data Register (PEDR)

PEnMD1 PEnMDO Pin State Read Write
0 0 Other function PEDR value Value is written to PEDR, but does not affect
(see table 18.1) pin state.
1 Output PEDR value Write value is output from pin.
1 0 Input (Pullup  Pin state Value is written to PEDR, but does not affect
MQOS: on) pin state.
1 Input (Pullup  Pin state Value is written to PEDR, but does not affect
MOS: off) pin state.
(n=0to7)
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19.7 Port F

Port F is an 8-bit input port with the pin configuration shown in figure 19.6. Each pin has an ii
pullup MOS, which is controlled by Port F Control Register (PFCR) in PFC.

«——— PTF7 (input)/PINT15 (input)/TRST (input)
««——— PTF6 (input)/PINT14 (input)/ TMS (input)
-«——— PTF5 (input)/PINT13 (input)/TDI (input)
Port E [« PTF4 (input)/PINT12 (input)/TCK (input)
«——— PTF3 (input)/PINT11 (input)/IRLS3 (input)
«——— PTF2 (input)/PINT10 (input)/IRSL2 (input)
«———  PTF1 (input)/PINT9 (input)/IRLST (input)
l«——— PTFO (input)/PINT8 (input)/IRLSO (input)

Figure 19.6 Port F

19.7.1 Register Descriptions
Table 19.11 summarizes the register of port F.

Table 19.11 Register Descriptions

Name Abbreviation R/W Initial Value  Address Access Size
Port F data register PFDR R H** H'400012A 8
(H'A400012A)**

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* Means no value.

1. When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.7.2 Port F Data Register (PFDR)

Port F data register (PFDR) is an 8-bit read register that stores data for pins PTF7 to PTFO. P
to PFODT bit corresponds to PTF7 to PTFO pin. When the function is general input port, if the
is read the corresponding pin level is read. Table 19.12 shows the function of PFDR.

PFDR is initialized by a power-on reset, after which the general input port function (pullup MO
on) is set as the initial pin function, and the corresponding pin levels are read.

Bit: 7 6 5 4 3 2 1 0

| PF7DT | PF6DT | PF5DT | PFADT | PF3DT | PF2DT | PFDT| PFODT |
Initial value*: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined

Table 19.12 Read/Write Operation of the Port F Data Register (PFDR)

PFnMD1 PFnMDO Pin State Read Write
0 0 Other function H'00 Ignored (no affect on pin state)
(see table 18.1)
1 Reserved H'00 Ignored (no affect on pin state)
1 0 Input (Pullup  Pin state Ignored (no affect on pin state)
MOS: on)
1 Input (Pullup  Pin state Ignored (no affect on pin state)
MOS: off)
(n=0to7)
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19.8 Port G

Port G is an 8-bit input port with the pin configuration shown in figure 19.7. Each pin has an i
pullup MOS, which is controlled by Port G Control Register (PGCR) in PFC.

«—— PTG7 (input)/IOIS16 (input)
+«—— PTGB6 (input)/ASEMDO (input)
«—» PTGS5 (input)/ASEBRKAK (output)
Port G [¢—— PTG4 (input)

«—» PTG3 (input)/AUDATAS (output)
«—» PTG2 (input)/AUDATAZ2 (output)
«—» PTG1 (input)/AUDATAL (output)
«—» PTGO (input)/AUDATAO (output)

Figure 19.7 Port G

19.8.1 Register Descriptions
Table 19.13 summarizes the register of port G.

Table 19.13 Register Descriptions

Name Abbreviation R/W Initial Value  Address Access Size
Port G data register PGDR R/W H'** H'0400012C 8
(H'A400012C)**

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* Means no value.
1. When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.8.2 Port G Data Register (PGDR)

Port G data register (PGDR) is an 8-bit read register that stores data for pins PTG7 to PTGO.
PG7DT to PGODT bit corresponds to PTG7 to PTGO pin. When the function is general input p
if the port is read the corresponding pin level is read. Table 19.14 shows the function of PGDF

PGDR is initialized by a power-on reset, after which the general input port function (pullup MC
on) is set as the initial pin function, and the corresponding pin levels are read.

Bit: 7 6 5 4 3 2 1 0

| PG7DT | PG6DT | PG5DT | PG4DT | PG3DT | PG2DT | PGIDT| PGODT |
Initial value: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined

Table 19.14 Read/Write Operation of the Port G Data Register (PGDR)

PGnMD1 PGnMDO Pin State Read Write
0 0 Other function H'00 Ignored (no affect on pin state)
(see table 18.1)
1 Reserved H'00 Ignored (no affect on pin state)
1 0 Input (Pullup  Pin state Ignored (no affect on pin state)
MOS: on)
1 Input (Pullup  Pin state Ignored (no affect on pin state)
MOS: off)

(n=0to7)
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19.9 Port H

Port H is a 1-bit I/O and 5-bit input port with the pin configuration shown in figure 19.8. Each
has an input pullup MOS, which is controlled by Port H Control Register (PHCR) in PFC.

«—» PTH7 (I/O)/TCLK (output)
<«—— PTHG6 (input)/AUDCK (input)
«——— PTHS5 (input)/ADTRG (input)

Port H [*—— PTH4 (input)/IRQ4 (input)
<«—— PTH3 (input)/IRQ3 (input)
<+—— PTH2 (input)/IRQ2 (input)
<«—— PTH1 (input)/IRQ1 (input)
<«—— PTHO (input)/IRQO (input)

Figure 19.8 PortH

19.9.1 Register Descriptions
Table 19.15 summarizes the register of port H.

Table 19.15 Register Descriptions

Name Abbreviation R/W Initial Value Address Access Size
Port H data register PHDR R/W or R B'Q****x+x H'0400012E 8
(H'A400012E)**

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* Means no value.

1. When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.9.2 Port H Data Register (PHDR)

Port H data register (PHDR) is a 1-bit read/write and 7-bit read register that stores data for pir
PTH7 to PTHO. PH7DT to PHODT bit corresponds to PTH7 to PTHO pin. When the pin functio
is general output port, if the port is read, the value of the corresponding PHDR bit is returned
directly. When the function is general input port, if the port is read, the corresponding pin level
read. Table 19.16 shows the function of PHDR.

PHDR is initialized to H'00 by a power-on reset, after which the general input port function
(pullup MOS on) is set as the initial pin function, and the corresponding pin levels are read. It
retains its previous value in standby mode and sleep mode, and in a manual reset.

Note that the low level is read if bits 6 to O are read except in general-purpose input.

Bitt 7 6 5 4 3 2 1 0

| PH7DT | PHEDT | PHSDT | PHADT | PH3DT | PH2DT | PHIDT | PHODT |
Initial value: 0 * * * * * * *
RW:  R/W R R R R R R R

Note: * Undefined

Table 19.16 Read/Write Operation of the Port H Data Register (PHDR)

PHNMD1 PHNnMDO Pin State Read Write
0 0 Other function PHDR value Value is written to PHDR, but does not affect
(see table 18.1) pin state.
1 Output PHDR value Write value is output from pin.
1 0 Input (Pullup  Pin state Value is written to PHDR, but does not affect
MQOS: on) pin state.
1 Input (Pullup  Pin state Value is written to PHDR, but does not affect
MOS: off) pin state.
(n=7)
PHnMD1 PHNMDO Pin State Read Write
0 0 Other function Low level Ignored (no affect on pin state)
(see table 18.1)
1 Reserved Low level Ignored (no affect on pin state)
1 0 Input (Pullup  Pin state Ignored (no affect on pin state)
MQOS: on)
1 Input (Pullup  Pin state Ignored (no affect on pin state)
MOS: off)
(n=0to0 6)
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19.10 PortJ

Port J is an 8-bit I/O port with the pin configuration shown in figure 19.9. Each pin has an ing
pullup MOS, which is controlled by Port J Control Register (PJCR) in PFC.

«—» PTJ7 (/0)/STATUSL (output)
«—» PTJ6 (I/0)/STATUSO (output)

«—» PTJ5 (I/0)/CASHH (output)

Port ] [« PTJ4 (I/O)/CASHL (output)

«—» PTJ3 (I/0)/CASLH (output)/CASU (output)
«—» PTJ2 (I/O)/CASLL (output)/CASL (output)
«—» PTJ1 (I/0)/RAS2L (output)

«—» PTJO (I/0)/RAS3L (output)

Figure 19.9 PortJ

19.10.1 Register Descriptions
Table 19.17 summarizes the register of port J.

Table 19.17 Register Descriptions

Name Abbreviation R/W Initial Value Address Access Size
Port J data register PJDR R/W  H'00 H'04000130 8
(H'A4000130)*

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.

19.10.2 Port J Data Register (PIJDR)

Port J data register (PJDR) is an 8-bit read/write register that stores data for pins PTJ7 to PT
PJ7DT to PJODT bit corresponds to PTJ7 to PTJO pin. When the pin function is general outp
port, if the port is read the value of the corresponding PJDR bit is returned directly. When the
function is general input port, if the port is read, the corresponding pin level is read. Table 19
shows the function of PJDR.
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PJDR is initialized to H'00 by a power-on reset. It retains its previous value in software standb
mode and sleep mode, and in a manual reset.

Bitt 7 6 5 4 3 2 1 0
\ PJ7DT \ PJ6DT‘ PJ5DT \ PJ4DT‘ PJ3DT \ PJ2DT \ PJlDT‘ PJODT \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 19.18 Read/Write Operation of the Port J Data Register (PIJDR)

PJnMD1 PJnMDO Pin State Read Write
0 0 Other function PJDR value Value is written to PJDR, but does not affect
(see table 18.1) pin state.
1 Output PJDR value  Write value is output from pin.
1 0 Input (Pullup  Pin state Value is written to PIDR, but does not affect
MOS: on) pin state.
1 Input (Pullup  Pin state Value is written to PIDR, but does not affect
MOS: off) pin state.
(n=0to7)
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19.11 PortK

Port K is an 8-bit I/O port with the pin configuration shown in figure 19.10. Each pin has an ir
pullup MOS, which is controlled by Port K Control Register (PKCR) in PFC.

<«—» PTK7 (I/O)/WE3 (output)/DQMUU (output)/ICIOWR (output)
<«—» PTK6 (/O)/WE2 (output)/DQMUL (output)/ICIORD (output)
«—» PTKS5 (I/0)/CKE (output)

Port K [+ PTK4 (I/0)/BS (output)

«—» PTK3 (I/0)/CS5 (output)/CE1A (output)

<«—» PTK2 (I/0)/CS4 (output)

«——» PTK1 (I/0)/CS3 (output)

<«—» PTKO (I/0)/CS2 (output)

Figure 19.10 PortK

19.11.1 Register Descriptions
Table 19.19 summarizes the register of port K.

Table 19.19 Register Descriptions

Name Abbreviation R/W Initial Value Address Access Size
Port K data register PKDR R/W H'00 H'04000132 8
(H'A4000132)*

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.11.2 Port K Data Register (PKDR)

Port K data register (PKDR) is an 8-bit read/write register that stores data for pins PTK7 to PT
PK7DT to PKODT bit corresponds to PTK7 to PTKO pin. When the pin function is general outf
port, if the port is read, the value of the corresponding PKDR bit is returned directly. When the
function is general input port, if the port is read, the corresponding pin level is read. Table 19.:
shows the function of PKDR.

PKDR is initialized to H'00 by a power-on reset. It retains its previous value in standby mode ¢
sleep mode, and in a manual reset.

Bitt 7 6 5 4 3 2 1 0
\ PK7DT \ PK6DT‘ PK5DT \ PK4DT‘ PK3DT‘ PK2DT \ PKlDT‘ PKODT \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 19.20 Read/Write Operation of the Port K Data Register (PKDR)

PKnMD1 PKnMDO Pin State Read Write
0 0 Other function PKDR value Value is written to PKDR, but does not affect
(see table 18.1) pin state.
1 Output PKDR value Write value is output from pin.
1 0 Input (Pullup  Pin state Value is written to PKDR, but does not affect
MOS: on) pin state.
1 Input (Pullup  Pin state Value is written to PKDR, but does not affect
MOS: off) pin state.
(n=0t07)
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19.12 PortL

Port L is an 8-bit input port with the pin configuration shown in figure 19.11.

l«——— PTL7 (input)/AN7 (input)/DAO (input)
-«——— PTL6 (input)/AN6 (input)/DAL (input)
l«——— PTL5 (input)/AN5S (input)
Port L [¢—— PTL4 (input)/AN4 (input)
l«———  PTL3 (input)/AN3 (input)
«—— PTL2 (input)/AN2 (input)
««——— PTL1 (input)/AN1 (input)
«—— PTLO (input)/ANO (input)

Figure 19.11 PortL

19.12.1 Register Descriptions
Table 19.21 summarizes the register of port L.

Table 19.21 Register Descriptions

Name Abbreviation R/W Initial Value Address Access Size
Port L data register PLDR R H'00 H'04000134 8
(H'A4000134)*

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

* When address translation by the MMU does not apply, the address in parentheses
should be used.
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19.12.2 Port L Data Register (PLDR)

Port L data register (PLDR) is an 8-bit read register that stores data for pins PTL7 to PTLO.
PL7DT to PLODT bit corresponds to PTL7 to PTLO pin. When the function is general input por
if the port is read, the corresponding pin level is read. Table 19.22 shows the function of PLDF
Port L is multiplexed with analog pins, and does not include pull-up MOSs.

PKDR is initialized to H'00 by power-on reset. It retains its previous value in software standby
mode, sleep mode and by manual reset.

Bitt 7 6 5 4 3 2 1 0

| PL7DT | PL6DT | PLSDT | PLADT | PL3DT | PL2DT | PLIDT | PLODT |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R

Table 19.22 Read/Write Operation of the Port L Data Register (PLDR)

PLnMD1 PLnMDO Pin State Read Write
0 0 Other function H'00 Ignored (no affect on pin state)
(see table 18.1)
1 Reserved H'00 Ignored (no affect on pin state)
1 0 Input Pin state Ignored (no affect on pin state)
Input Pin state Ignored (no affect on pin state)

(n=0to7)
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19.13 SC Port

SC port is a 4-bit /0O, 3-bit output and 4-bit input port with the pin configuration shown in figu

19.12. Each pin has an input pullup MOS, which is controlled by SC port Control Register
(SCPCR) in PFC.

4«—— SCPT7 (input)/CTS2 (input)/IRQ5 (input)
«—>» SCPT6 (I/0)/RTS2 (output)
+«—>» SCPT5 (I/0)/SCK2 (1/O)
«——— SCPT4 (input)/RxD2 (input)
——» SCPT4 (output)/TxD2 (output)
<+—» SCPT3 (I/0)/SCK1 (I/0)
«—— SCPT2 (input)/RxD1 (input)
——» SCPT2 (output)/TxD1 (output)
<+—» SCPT1 (I/0)/SCKO (I/0)
«—— SCPTO (input)/RxDO (input)
——» SCPTO (output)/TxDO (output)

SC Port

Figure 19.12 SC Port

19.13.1 Register Descriptions
Table 19.23 summarizes the register of SC port.

Table 19.23 Register Descriptions

Name Abbreviation R/W Initial Value  Address Access Size
SC Port data register SCPDR R/W or R B™0000000 H'04000136 8
(H'A4000136)*"

Notes: This register is located in area 1 of the physical space. When the cache is enabled, either
access this register from the P2 area in the virtual space, or make appropriate settings by
the MMU so that this register is not cached.

*  Means no value.

1. When address translation by the MMU does not apply, the address in parentheses
should be used.

19.13.2 Port SC Data Register (SCPDR)

Port SC data register (SCPDR) is a 7-bit read/write and 1-bit read register that stores data fo
SCPT7 to SCPTO. SCP7DT to SCPODT bit corresponds to SCPT7 to SCPTO pin. When the
function is general output port, if the port is read, the value of the corresponding SCPDR bit i
returned directly. When the function is general input port, if the port is read, the correspondin
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level is read. Table 19.24 shows the function of SCPDR.

SCPDR is initialized to B*0000000 by a power-on reset. After initialization, the general input
port function (pullup MOS on) is set as the initial pin function, and the corresponding pin level
are read from bits SCP7DT—SCP5DT, SCP3DT, and SCP1DT. SCPDR retains its previous
value in standby mode and sleep mode, and in a manual reset.

Note that the low level is read if bit 7 is read except in general-purpose input.

Bitt 7 6 5 4 3 2 1 0
| SCP7DT| SCP6DT| SCP5DT| SCPADT| SCP3DT| SCP2DT| SCP1DT SCPODT|
Initial value: * 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

Note: * Undefined

Table 19.24 Read/Write Operation of the SC Port Data Register (SCPDR)

SCPnMD1 SCPnMDO Pin State Read Write
0 0 Other function SCPDR value Value is written to SCPDR, but does not
(see table 18.1) affect pin state.
1 Output SCPDR value Write value is output from pin.
1 0 Input (Pullup  Pin state Value is written to SCPDR, but does not
MQOS: on) affect pin state.
1 Input (Pullup  Pin state Value is written to SCPDR, but does not
MOS: off) affect pin state.
(n=0to 6)
SCPnMD1 SCPnMDO Pin State Read Write
0 0 Other function Low level Ignored (no affect on pin state)
(see table 18.1)
Output Low level Ignored (no affect on pin state)
1 0 Input (Pullup  Pin state Ignored (no affect on pin state)
MOS: on)
1 Input (Pullup  Pin state Ignored (no affect on pin state)
MOS: off)
(n=7)
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Section 20 A/D Converter

20.1 Overview

This LSl includes a 10-bit successive-approximation A/D converter with a selection of up to e
analog input channels.

20.1.1 Features
A/D converter features are listed below.

¢ 10-bit resolution
e Eight input channels
¢ High-speed conversion
O Conversion time: maximum 8.86 ps per channel (with Pg = 15-MHz peripheral clock)
e Three conversion modes
O Single mode: A/D conversion of one channel
O Multi mode: A/D conversion on one to four channels
O Scan mode: Continuous A/D conversion on one to four channels
¢ Four 16-bit data registers
O A/D conversion results are transferred for storage into data registers corresponding to
channels.

¢ Sample-and-hold function
« A/D conversion can be externally triggered
e A/D interrupt requested at the end of conversion
0 Atthe end of A/D conversion, an A/D end interrupt (ADI) can be requested.
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20.1.2 Block Diagram

Figure 20.1 shows a block diagram of the A/D converter.
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ADCR: A/D control register
ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D

Figure 20.1 A/D Converter Block Diagram
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20.1.3 Input Pins

Table 20.1 summarizes the A/D converter’s input pins. The eight analog input pins are divide
into two groups: group 0 (AlNo AN,), and group 1 (Ao AN,). AV and AV are the power
supply for the analog circuits in the A/D converter. AVcc also functions as the A/D converter

reference voltage.

Table 20.1 A/D Converter Pins

Pin Name Abbreviation 110 Function

Analog power-supply pin ~ AVcc Input Analog power supply

Analog ground pin AVss Input Analog ground and reference voltage
Analog input pin O ANO Input Group 0 analog inputs

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin3 AN3 Input

Analog input pin 4 AN4 Input Group1 analog inputs

Analog input pin 5 AN5 Input

Analog input pin6 ANG6 Input

Analog input pin7 AN7 Input

A/D external trigger input ~ ADTRG Input External trigger input for starting A/D

pin

conversion

HITACHI
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20.1.4 Register Configuration
Table 20.2 summarizes the A/D converter's registers.

Table 20.2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address Access size

A/D data register A (high) ADDRAH R H'00 H'04000080 16, 8
(H'A4000080)*

A/D data register A (low)  ADDRAL R H'00 H'04000082 8
(H'A4000082)**

A/D data register B (high) ADDRBH R H'00 H'04000084 16, 8
(H'A4000084)*

A/D data register B (low) =~ ADDRBL R H'00 H'04000086 8
(H'A4000086)**

A/D data register C (high) ADDRCH R H'00 H'04000088 16, 8
(H'A4000088)*

A/D data register C (low) = ADDRCL R H'00 H'0400008A 8
(H'A400008A)*

A/D data register D (high) ADDRDH R H'00 H'0400008C 16, 8
(H'A400008C)*

A/D data register D (low) = ADDRDL R H'00 H'0400008E 8
(H'A400008E)**

A/D control/status register ADCSR R/(W)*" H'00 H'04000090 8
(H'A4000090)*

A/D control register ADCR R/W H'3F H'04000092 8
(H'A4000092)**

Notes: These registers are located in area 1 of the physical space. When the cache is enabled,
either access these registers from the P2 area in the virtual space, or make appropriate
settings by the MMU so that these registers are not cached.

1. Only 0 can be written in bit 7, to clear the flag.

2. When address translation by the MMU does not apply, the address in parentheses
should be used.

632
HITACHI



20.2  Register Descriptions

20.2.1 A/D Data Registers A to D (ADDRA to ADDRD)

The four A/D data registers (ADDRA to ADDRD) are 16-bit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in th
byte (bits 15 to 8) of the A/D data register. The lower 2 bits are stored in the lower byte (bits
6). Bits 5 to 0 of an A/D data register are reserved bits that always read 0. Table 20.3 indicat
pairings of analog input channels and A/D data registers.

The A/D data registers are initialized to H'0000 by a reset and in standby mode.

Bitt 15 14 13 12 11 10 9 8
ADDRn:| AD9 | AD8 | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R
Bitt 7 6 5 4 3 2 1 0
ADDRn:| ADL | ADO | — | — | — | — | — | — |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R

n=AtoD

Table 20.3 Analog Input Channels and A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 ANS ADDRB
AN2 ANG6 ADDRC
AN3 AN7 ADDRD
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20.2.2 A/D Control/Status Register (ADCSR)

ADCSR is an 8-bit read/write register that selects the mode and controls the A/D converter.
ADCSR is initialized to H'00 by a reset and in standby mode.

Bit. 7 6 5 4 3 2 1 0
\ ADF \ ADIE \ ADST \ MULTI‘ CKS \ CH2 \ CH1 \ CHO \
Initial value: 0 0 0 0 0 0 0 0

R/W:  R/(W)* R/W R/W R/W R/W R/W R/W R/W
Note: * Write 0 to clear the flag.

Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7: ADF Description

0 [Clear condition] (Initial value)
(1) Cleared by reading ADF while ADF = 1, then writing 0 in ADF
(2) Cleared when DMAC is activated by ADI interrupt and ADDR is read

1 [Set conditions]
Single mode: A/D conversion ends
Multi mode: A/D conversion ends in all selected channels

Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the
end of A/D conversion.

Bit 6: ADIE Description

0 A/D end interrupt request (ADI) is disabled (Initial value)

1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 durin
A/D conversion. It can also be set to 1 by external trigger input 2ADARG pin.

Bit 5: ADST Description

0 A/D conversion is stopped (Initial value)

1 Single mode: A/D conversion starts; ADST is automatically cleared to 0 when
conversion ends.

Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a transition to
standby mode.
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Bit 4—Multi Mode (MULTI): Selects single mode or multi mode or scan mode. For further
information on operation in these modes, see section 20.4, Operation.

Bit 4:MULTI ADCR: Bit5:SCN Description
0 — Single mode (Initial value)
1 0 Multi mode

Scan mode

Bit 3—Clock Select (CKS):Selects the A/D conversion time. Clear the ADST bit to 0 before
switching the conversion time.

Bit 3:CKS Description
0 Conversion time = 266 states (maximum) (Initial value)
1 Conversion time = 134 states (maximum)

Bits 2 to 0—Channel Select 2 to 0 (CH2 to CHOX.hese bits and the MULTI bit select the
analog input channels. Clear the ADST bit to 0 before changing the channel selection.

Channel Selection Description
CH2 CH1 CHO Single Mode Multi Mode
(MULTI = 0) (MULTI=1)
0 0 0 ANO (Initial value) ANO
1 AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 AN3 ANO to AN3
1 0 0 AN4 AN4
1 AN5 AN4, AN5
1 0 ANG6 AN4 to AN6
1 AN7 AN4 to AN7
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20.2.3 A/D Control Register (ADCR)

ADCR is an 8-bit read/write register that enables or disables external triggering of A/D
conversion. ADCR is initialized to H'07 by a reset and in standby mode.

Bit. 7 6 5 4 3 2 1 0

| TRGE1 | TRGEO | SCN |RESVD1 RESVD2| — | — | — |
Initial value: 0 0 0 0 0 1 1 1
RW: RW RW RW  RW  RW R R R

Bits 7 and 6—Trigger Enable (TRGE1, TRGEOQ):Enables or disables external triggering of
A/D conversion.

The TRGE1 and TRGEQO bits should only be set when conversion is not in progress.

Bit 7: TRGE1 Bit 6: TRGEO Description

0 0 When an external trigger is input, the A/D conversion does not
0 1 start (Initial value)
1 0

1 1 The A/D conversion starts at the falling edge of an input signal

from the external trigger pin (ADTRG).

Bit 5—Scan Mode (SCN):Selects multi mode or scan mode when the MULTI bit is setto 1. St
the description of bit 4 in section 20.2.2.

Bits 4 and 3—Reserved (RESVD1, RESVD2Yhese bits are always read as 0. The write value
should always be 0.

Bits 2 to 0—ReservedThese bits are always read as 0. The write value should always be 0.
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20.3 Bus Master Interface

ADDRA to ADDRD are 16-hit registers, but they are connected to the bus master by the upp
bits of the 16-bit peripheral data bus. Therefore, although the upper byte can be accessed di
by the bus master, the lower byte is read through an 8-bit temporary register (TEMP).

An A/D data register is read as follows. When the upper byte is read, the upper-byte value is
transferred directly to the bus master and the lower-byte value is transferred into TEMP. Nex
when the lower byte is read, the TEMP contents are transferred to the bus master.

When reading an A/D data register, always read the upper byte before the lower byte. It is pc
to read only the upper byte, but if only the lower byte is read, the read value is not guarantee

Figure 20.2 shows the data flow for access to an A/D data register.

See section 20.7.3, Access Size and Read Data.

Upper byte read

CPU Bus Module internal data bus
receives <m0
data HAA

TEMP
[H'40]

¢

ADDRnN H ADDRnN L n=AtoD
[H'AA] [H'40] -
Lower byte read
CPU Bus Module internal data bus
receives < ;o i (< —— >
data H'40 f
TEMP
[H'40]
ADDRnN H ADDRnN L _
[H'AA] [H40] n=AtoD

Figure 20.2 A/D Data Register Access Operation (Reading H'AA40)
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20.4  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes: single mode and scan mode.

20.4.1  Single Mode (MULTI =0)

Single mode should be selected when only one A/D conversion on one channel is required. A
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The
ADST bit remains set to 1 during A/D conversion and is automatically cleared to O when
conversion ends.

When conversion ends the ADF bit is set to 1. If the ADIE bit is also set to 1, an ADI interrupt
requested at this time. To clear the ADF flag to O, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during A/D conversion, to prevent

incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After makin
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit cal
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN1) is selected in single mode are described next.
Figure 20.3 shows a timing diagram for this example.

1. Single mode is selected (MULTI = 0), input channel AN1 is selected (CH2 = CH1 =0, CHC
1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

2. When A/D conversion is completed, the result is transferred into ADDRB. At the same time
the ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomes idle.

Since ADF = 1 and ADIE = 1, an ADI interrupt is requested.

The A/D interrupt processing routine starts.

The routine reads ADCSR, then writes 0 in the ADF flag.

The routine reads and processes the conversion result (ADDRB = 0).

Execution of the A/D interrupt processing routine ends. Then, when the ADST bit is set to
A/D conversion starts to execute 2 to 7 above.

No o~
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Figure 20.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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20.4.2  Multi Mode (MULTI = 1)

Multi mode should be selected when performing multi channel A/D conversions on one or mol
channels. When the ADST bit is set to 1 by software or external trigger input, A/D conversion

starts on the first channel in the group (ANO when CH2 = 0, AN4 when CH2 = 1). When two o
more channels are selected, after conversion of the first channel ends, conversion of the secc
channel (AN1 or AN5) starts immediately. When A/D conversions end on the selected channe
the ADST bit is cleared to 0. The conversion results are transferred for storage into the A/D ds
registers corresponding to the channels.

When the mode or analog input channel selection must be changed during A/D conversion, tc
prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. Afte
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channels in group 0 (ANO to AN2) are selected in scan mode a
described next. Figure 20.4 shows a timing diagram for this example.

1. Multi mode is selected (MULTI = 1), channel group 0 is selected (CH2 = 0), analog input
channels ANO to AN2 are selected (CH1 = 1, CHO = 0), and A/D conversion is started (AD
=1).

2. When A/D conversion of the first channel (ANO) is completed, the result is transferred into
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN2).

4. When conversion of all selected channels (ANO to AN2) is completed, the ADF flag is set t
and ADST bit is cleared to O. If the ADIE bit is set to 1, an ADI interrupt is requested at this
time.

When the ADST bit is cleared to 0, A/D conversion stops. After that, if the ADST bit is setto 1
A/D conversion starts again from the first channel (ANO).
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Figure 20.4 Example of A/D Converter Operation (Multi Mode,

Channels ANO to AN2 Selected)
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20.4.3 Scan Mode (MULTI =1, SCN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When
ADST bit in the A/D control/status register (ADCSR) is set to 1 by software or external trigger
input, A/D conversion starts on the first channel in the group (ANO when CH2 = 0, AN4 when

CH2 = 1)). When two or more channels are selected, after conversion of the first channel enc
conversion of the second channel (AN1 or AN5) starts immediately. A/D conversion continue
cyclically on the selected channels until the ADST bit is cleared to 0. The conversion results :
transferred for storage into the A/D data registers corresponding to the channels.

When the mode or analog input channel must be changed during analog conversion, to preve
incorrect operation, first clear the ADST bit to 0 to halt A/D conversion. After making the

necessary changes, set the ADST bitto 1. A/D conversion will start again from the first chanr
the group. The ADST bit can be set at the same time as the mode or channel selection is che

Typical operations when three channels (ANO to AN2) are selected in scan mode are describe
next. Figure 20.5 shows a timing diagram for this example.

1. Scan mode is selected (MULTI = 1, SCN = 1), channel group 2 is selected (CH2 = 0), anal
input channels ANO to AN2 are selected (CH1 =1, CHO = 0), and A/D conversion is starte
(ADST =1).

2. When A/D conversion of the first channel (ANO) is completed, the result is transferred into
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN2).

4. When conversion of all the selected channels (ANO to AN2) is completed, the ADF flag is ¢
to 1 and conversion of the first channel (ANO) starts again. If the ADIE bit is setto 1, an Al
interrupt is requested at this time.

5. Steps 2 to 4 are repeated as long as the ADST bit remains set to 1. When the ADST bhit is
cleared to 0, A/D conversion stops. After that, if the ADST bit is set to 1, A/D conversion
starts again from the first channel (ANO).
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Figure 20.5 Example of A/D Converter Operation (Scan Mode,

Channels ANO to AN2 Selected)
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20.4.4  Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the anal
input at a timed after the ADST bit is set to 1, then starts conversion. Figure 20.5 shows the A
conversion timing. Table 20.4 indicates the A/D conversion time.

As indicated in figure 20.6, the A/D conversion time inclugesnd the input sampling time. The
length of { varies depending on the timing of the write access to ADCSR. The total conversior

time therefore varies within the ranges indicated in table 20.4.

In multi mode and scan mode, the values given in table 20.4 apply to the first conversion. In tt
second and subsequent conversions the conversion time is fixed at 256 states when CKS =0

128 states when CKS = 1.

tspL
tconv

Notes:

*1
Po |
Address
Write _7_,7
signal
Input sampling
timing _4|—I .

ADF

(.

P

A/D conversion start delay
Input sampling time

A/D conversion time

1. ADCSR write cycle

2. ADCSR address

X
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Table 20.4 A/D Conversion Time (Single Mode)

CKS =0 CKs=1
Symbol Min Typ Max Min Typ Max
A/D conversion start to 10 — 17 6 — 9
delay
Input sampling time tspL — 65 — — 32 —
A/D conversion time teony 259 — 266 131 — 134

Note: Values in the table are numbers of states (t

cyc) .

20.4.5 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE1, TRGEQO bits are setto 1 in AL
external trigger input is enabled at thBTRG pin. A high-to-low transition at th&DTRG pin

sets the ADST bit to 1 in ADCSR, starting A/D conversion. Other operations, regardless of tt
conversion mode, are the same as if the ADST bit had been set to 1 by software. Figure 20.

shows the timing.

Pg

ADTRG

|
External L

trigger signal

ADST

A/D conversion

A

Figure 20.7 External Trigger Input Timing

20.5 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrt
request can be enabled or disabled by the ADIE bit in ADCSR.

HITACHI
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20.6  Definitions of A/D Conversion Accuracy

The A/D converter compares an analog value input from an analog input channel to its analog
reference value and converts it into 10-bit digital data. The absolute accuracy of this A/D
conversion is the deviation between the input analog value and the output digital value. It inclt
the following errors:

» Offset error

* Full-scale error

» Quantization error
* Nonlinearity error

These four error quantities are explained below using figure 20.8. In the figure, the 10 bits of t
A/D converter have been simplified to 3 bits.

Offset error is the deviation between actual and ideal A/D conversion characteristics when the
digital output value changes from the minimum (zero voltage) 0000000000 (000 in the figure)
000000001 (001 in the figure) (figure 20.8, item (1)). Full-scale error is the deviation between
actual and ideal A/D conversion characteristics when the digital output value changes from th
1111211110 (110 in the figure) to the maximum 1111111111 (111 in the figure) (figure 20.8, i
(2)). Quantization error is the intrinsic error of the A/D converter and is expressed as 1/2 LSB
(figure 20.8, item (3)). Nonlinearity error is the deviation between actual and ideal A/D conver:
characteristics between zero voltage and full-scale voltage (figure 20.8, item (4)). Note that it
not include offset, full-scale or quantization error.

646
HITACHI



. . 2) Full-scale error
Digital output Digital output @ ¢
A A <_>|
Ideal A/D
conversion — deal A/D ,/
111 characteristics conversion ;
characteristics /
110+ ,/
/
101 ‘ /'/
Y
100+ . .
/ (4) Nonlinearity
011+ t // error
010 (3) Quantization // Actual A/D
001 error «.~—— convertion
/ characteristics
00 I I I S I B > >
0 1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS H—Lbl FS
Analtl)tg input (1) Offset error Analog input
FS: Full-scale voltage voltage voltage

Figure 20.8 Definitions of A/D Conversion Accuracy

20.7  A/D Converter Usage Notes

When using the A/D converter, note the points listed in section 20.7.1 below.

20.7.1  Setting Analog Input Voltage

« Analog Input Voltage Range: During A/D conversion, the voltages input to the analog inpt
pins ANn should be in the range A%< ANn < AV (n = 0-7).

* Relationships of A¥c and AVssto Ve and Vs AV e, AVgs Ve and Vgsshould be
related as follows: A¥c = Vce £ 0.3 V and A\gs= Vss

20.7.2  Processing of Analog Input Pins

To prevent damage from voltage surges at the analog input pins (ANO—AN7), connect an inp
protection circuit like the one shown in figure 20.8. The circuit shown also includes an RC filt
suppress noise. This circuit is shown as an example; The circuit constants should be selecte
according to actual application conditions. Table 20.5 lists the analog input pin specifications
figure 20.9 shows an equivalent circuit diagram of the analog input ports.

20.7.3  Access Size and Read Data
Table 20.6 shows the relationship between access size and read data. Note the read data o
with different access sizes, bus widths, and endian modes.
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The case is shown here in which H'3FF is obtained whep@M input as an analog input. FFis
the data containing the upper 8 bits of the conversion result, and CO is the data containing the
lower 2 bits.

/\/

O * AVec

[]

SuperH microprocessor

100 Q
ANO-AN7
.y
0.1 pF
O I A4 I E AVSS
Note: Q
10 puF 0.01 puF

”L_I_L

Figure 20.9 Example of Analog Input Protection Circuit

ANO-AN7 O

Figure 20.10 Analog Input Pin Equivalent Circuit

Table 20.5 Analog Input Pin Ratings

Item Min Max Unit
Analog input capacitance — 20 pF

Allowable signal-source impedance — 5 kQ
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Table 20.6 Relationship between Access Size and Read Data

Bus Width 32 Bits (D31—DO0)

16 Bits (D15—DO0)

8 Bits (D7—DO0)

Access
Size Command Endian Big Little Big Little Big Little
Byte MOV. L #ADDRAH, R9
access MOV. B @9, R8 FFFFFFFF FFFFFFFF FFFF FFFF FF FF
MOV. L #ADDRAL, R9
MOV. B @9, R8 COCO0CO0CO cocococo coco C0Co Cco Cco
Word MOV. L #ADDRAH, R9
access MOV. W @9, R8 FFEXXFFxx  FFxxFFxx  FFxx FFxx FFxx XXFF
MOV. L #ADDRAL, R9
MOV. W @9, R8 COxxCOxx COxxCOxx COxx COxx COxx xxCO
Longword MOV. L #ADDRAH, R9
access MOV. L @r9, R8 FFXXCOxx FFxxCOxx FFxxCOxx COxxFFxx FFxxCOxx xXxCOxxFF

In this table: #ADDRAH . EQU  H 04000080
#ADDRAL . EQU  H 04000082

Values are shown in hexadecimal for the case where read data is output to an
external device via R8.

HITACHI
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Section 21 D/A Converter

21.1 Overview

This LSl includes a D/A converter with two channels.

21.1.1 Features

D/A converter features are listed below.

« Eight-bit resolution

« Two output channels

e Conversion time: maximum 10 ps (with 20-pF capacitive load)
¢ Output voltage: 0 V to AVcc

21.1.2 Block Diagram

Figure 21.1 shows a block diagram of the D/A converter.

9 On-chip
£ | data bus
[J]

4 Module data bus £ >
%)
>
o

U

AVee —

DA; |

DA, 8-bit D/A

DADRO
DADR1
DACR

AVgs — &

Control circuit

Legend:

DACR: D/A control register
DADRO: D/A data register O
DADR1: D/A data register 1

Figure 21.1 D/A Converter Block Diagram
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21.1.3 I/O Pins

Table 21.1 summarizes the D/A converter’s input and output pins.

Table 21.1 D/A Converter Pins

Pin Name Abbreviation  I/O Function

Analog power-supply pin AVcc Input Analog power supply

Analog ground pin AVss Input Analog ground and reference voltage
Analog output pin 0 DAO Output Analog output, channel 0

Analog output pin 1 DA1 Output Analog output, channel 1

21.1.4 Register Configuration

Table 21.2 summarizes the D/A converter's registers.

Table 21.2 D/A Converter Registers

Name Abbreviation R/W Initial Value Address* !

D/A data register 0 DADRO R/W H'00 H'040000A0
(H'A40000A0)**

D/A data register 1 DADR1 R/W H'00 H'040000A2
(H'A40000A2)**

D/A control register DACR R/W H'1F H'040000A4
(H'A40000A4)*?

Notes: These registers are located in area 1 of the physical space. When the cache is enabled,
either access these registers from the P2 area in the virtual space, or make appropriate

settings by the MMU so that these
1. Lower 16 hits of the address

registers are not cached.

2. When address translation by the MMU does not apply, the address in parentheses

should be used.
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21.2  Register Descriptions

21.2.1 D/A Data Registers 0 and 1 (DADRO0/1)

The D/A data registers (DADRO and DADR1) are 8-bit read/write registers that store the date
be converted. When analog output is enabled, the D/A data register values are constantly
converted and output at the analog output pins.

The D/A data registers are initialized to H'00 by a reset.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

21.2.2 DI/A Control Register (DACR)

DACR is an 8-bit read/write register that controls the operation of the D/A converter. DACR i
initialized to H'1F by a reset.

Bit: 7 6 5 4 3 2 1 0
|DAOE1|DAOEO| DAE | — | — | — | — | — |

Initial value: 0 0 0 1 1 1 1 1

RW: RW  RW  RW R R R R R

Bit 7—D/A Output Enable 1 (DAOEL): Controls D/A conversion and analog output.

Bit 7. DAOE1  Description

0 DA1 analog output is disabled (Initial value)

1 Channel-1 D/A conversion and DA1 analog output are enabled

Bit 6—D/A Output Enable 0 (DAOEQ): Controls D/A conversion and analog output.

Bit 6: DAOEO  Description

0 DAO analog output is disabled (Initial value)

1 Channel-0 D/A conversion and DAO analog output are enabled
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Bit 5—D/A Enable (DAE): Controls D/A conversion, together with bits DAOEO and DAOEL.
When the DAE bit is cleared to 0, D/A conversion is controlled independently in channels 0 ar
When this LSI enters standby mode while D/A conversion is enabled, the D/A output is held a
the analog power-supply current is equivalent to that during D/A conversion. To reduce the an
power-supply current in standby mode, clear the DAOEO and DAOE1 bits and disable the D/A
output.

Bit 7: DAOE1 Bit 6: DAOEO  Bit5: DAE  Description

0 0 — D/A conversion is disabled in channels 0 and 1
(Initial value)
0 1 0 D/A conversion is enabled in channel 0

D/A conversion is disabled in channel 1

0 1 1 D/A conversion is enabled in channels 0 and 1

0 0 D/A conversion is disabled in channel 0
D/A conversion is enabled in channel 1

1 0 1 D/A conversion is enabled in channels 0 and 1

1 1 — D/A conversion is enabled in channels 0 and 1

When the DAE bit is set to 1, even if bits DAOEO and DAOEL1 in DACR and the ADST bit in
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during A
and D/A conversion.

Bits 4 to 0—ReservedRead-only bits, always read as 1.
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21.3  Operation

The D/A converter has two built-in D/A conversion circuits that can perform conversion
independently.

D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADR1 val
is modified, conversion of the new data begins immediately. The conversion results are outp
when bits DAOEO and DAOEL1 are set to 1.

An example of D/A conversion on channel 0 is given next. Timing is indicated in figure 21.2.

1. Data to be converted is written in DADRO.

2. Bit DAOEQO is set to 1 in DACR. D/A conversion starts and DAO becomes an output pin. T
converted result is output after the conversion time. The output value is (DADRO contents
x AVcc. Output of this conversion result continues until the value in DADRO is modified or
the DAOEDQO bit is cleared to 0.

3. If the DADRO value is modified, conversion starts immediately, and the result is output af
the conversion time.

4. When the DAOERQO bit is cleared to 0, DAO becomes an input pin.

DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle
|

z L
Address bus
DADRO X Conversion data 1 Conversion data 2
DAOEO

. N Conversion
DAO --mTT Conversion TTheol | result2 —

High-impedance state result 1 )
t t

Legend: DCONV DCONV
tpcony - D/A conversion time

Figure 21.2 Example of D/A Converter Operation
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Section 22 Hitachi User-Debugging Interface (H-UDI)

22.1 Overview

The SH7709A incorporates a Hitachi user-debugging interface (H-UDI) and advanced user
debugger (AUD) for program debugging.

22.2  Hitachi User Debugging Interface (H-UDI)

The H-UDI (Hitachi user-debugging interface) performs on-chip debugging which is supporte
the SH7709A. The H-UDI described here is a serial interface which is pi-compatible with JTA
(Joint Test Action Group, IEEE Standard 1149.1 and IEEE Standard Test Access Port and
Boundary-Scan Architecture) specifications.

The H-UDI in the SH7709A supports a boundary scan mode, and is also used for emulator
connection.

When using an emulator, H-UDI functions should not be used. Refer to the emulator manua
the method of connecting the emulator.

22.2.1  Pin Description

TCK: H-UDI serial data input/output clock pin. Data is serially supplied to the H-UDI from th
data input pin (TDI), and output from the data output pin (TDO), in synchronization with this
clock.

TMS: Mode select input pin. The state of the TAP control circuit is determined by changing
signal in synchronization with TCK. The protocol conforms to the JTAG standard (IEEE Std.
1140.1).

TRST: H-UDI reset input pin. Input is accepted asynchronously with respect to TCK, and wt
low, the H-UDI is reset. See section 22.2, Reset Configuration, for more information.

TDI: H-UDI serial data input pin. Data transfer to the H-UDI is executed by changing this sic
in synchronization with TCK.

TDO: H-UDI serial data output pin. Data output from the H-UDI is executed by reading this
signal in synchronization with TCK.

ASEMDO: ASE mode select pin. If a low level is input at &8EMDO pin while theRESETP
pin is asserted, ASE mode is entered; if a high level is input, normal operation mode is enter
ASEMDO pin should be high level when an emulator or H-UDI is not used. In ASE mode,
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boundary scan and emulator functions can be used. The input leveASHNEDO0 pin should be
held for at least one cycle affRESETP negation.

ASEBRKAK: Dedicated emulator pin

22.2.2 Block Diagram

Figure 22.1 shows the block diagram of the H-UDI.

™I <

2 | ®

o) = SDIR

=

2]
o [ MU |
| |

TcK [}
™S [ TAP controller Decoder | Lgs:l
TRST [

Figure 22.1 H-UDI Block Diagram

22.3  Register Descriptions
The H-UDI has the following registers.

» SDBPR: bypass register
» SDIR: instruction register
» SDBSR: boundary scan register
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Table 22.1 shows H-UDI register configuration.
Table 22.1 H-UDI Registers

CPU Side H-UDI Side

Name Abbreviation R/W Size  Address R/W  Size VallrLljlttelal *
Bypass register SDBPR — — — RW 1 Undefined
Instruction register SDIR R 16 H'04000200 R/W 16 H'FFFF
Boundary register SDBSR — — — RW  — Undefined

Note: * Initialized when TRST pin is low or when TAP is in the test-logic-reset state.

22.3.1 Bypass Register (SDBPR)

The bypass register is a 1-bit register that cannot be accessed by the CPU. When the SDIR
the bypass mode, the SDBPR is connected between H-UDI pins TDI and TDO.

22.3.2 Instruction Register (SDIR)

The instruction register (SDIR) is a 16-bit read-only register. The register is in bypass mode
initial state. It is initialized b{fRST or in the TAP test-logic-reset state, and can be written by 1
H-UDI irrespective of the CPU mode. Operation is not guaranteed when a reserved comman
set to this register

Bit: 15 14 13 12 11 10 9 8
e | 2 | e | oo | — | — | — | — |

Initial value: 1 1 1 1 1 1 1 1

Bit 7 6 5 4 3 2 1 0
-l -1 -1-1-1-]T-17=

Initial value: 1 1 1 1 1 1 1 1

Bits 15 to 12—Test Instruction Bits (T13—TI0): Cannot be written by the CPU.
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Table 22.2 H-UDI Commands

TI3 TI2 TI1 TIO Description

0 0 0 0 EXTEST

0 1 0 0 SAMPLE/PRELOAD
0 1 0 1 Reserved

0 1 1 0 H-UDI reset negate
0 1 1 1 H-UDI reset assert
1 0 0 — Reserved

1 0 1 — H-UDI interrupt

1 1 0 — Reserved

1 1 1 0 Reserved

1 1 1 1 Bypass mode (initial value)
0 0 0 1 Recovery from sleep

Bits 11 to 0—ReservedAlways read 1.

22.3.3 Boundary Scan Register (SDBSR)

The boundary scan register (SDBSR) is a shift register, located on the PAD, for controlling the
input/output pins of the SH7709A.

Using the EXTEST and SAMPLE/PRELOAD commands, a boundary scan test conforming to
JTAG standard can be carried out. Table 22.3 shows the correspondence between SH7709A
and boundary scan register bits.
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Table 22.3 SH7709A Pins and Boundary Scan Register Bits

Bit Pin Name I/O Bit Pin Name 110
from TDI 308 D1 IN
338 D31/PTB7 IN 307 DO IN
337 D30/PTB6 IN 306 MD1 IN
336 D29/PTB5 IN 305 MD2 IN
335 D28/PTB4 IN 304 NMI IN
334 D27/PTB3 IN 303 IRQO/IRLO/PTHO IN
333 D26/PTB2 IN 302 IRQ1/IRL1/PTH1 IN
332 D25/PTB1 IN 301 IRQ2/IRL2/PTH2 IN
331 D24/PTBO IN 300 IRQ3/IRL3/PTH3 IN
330 D23/PTA7 IN 299 IRQ4/PTH4 IN
329 D22/PTA6 IN 298 D31/PTB7 ouT
328 D21/PTA5 IN 297 D30/PTB6 ouT
327 D20/PTA4 IN 296 D29/PTB5 ouT
326 D19/PTA3 IN 295 D28/PTB4 ouT
325 D18/PTA2 IN 294 D27/PTB3 ouT
324 D17/PTAl IN 293 D26/PTB2 ouT
323 D16/PTAO IN 292 D25/PTB1 ouT
322 D15 IN 291 D24/PTBO ouT
321 D14 IN 290 D23/PTA7 ouT
320 D13 IN 289 D22/PTA6 ouT
319 D12 IN 288 D21/PTA5 ouT
318 D11 IN 287 D20/PTA4 ouT
317 D10 IN 286 D19/PTA3 ouT
316 D9 IN 285 D18/PTA2 ouT
315 D8 IN 284 D17/PTAl ouT
314 D7 IN 283 D16/PTAO ouT
313 D6 IN 282 D15 ouT
312 D5 IN 281 D14 ouT
311 D4 IN 280 D13 ouT
310 D3 IN 279 D12 ouT
309 D2 IN 278 D11 ouT
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Table 22.3 SH7709A Pins and Boundary Scan Register Bits (cont)

Bit Pin Name /0 Bit Pin Name /0

277 D10 ouT 247 D12 Control

276 D9 ouT 246 D11 Control

275 D8 ouT 245 D10 Control

274 D7 ouT 244 D9 Control

273 D6 ouT 243 D8 Control

272 D5 ouT 242 D7 Control

271 D4 ouT 241 D6 Control

270 D3 ouT 240 D5 Control

269 D2 ouT 239 D4 Control

268 D1 ouT 238 D3 Control

267 DO ouT 237 D2 Control

266 D31/PTB7 Control 236 D1 Control

265 D30/PTB6 Control 235 DO Control

264 D29/PTB5 Control 234 BS/IPTK4 IN

263 D28/PTB4 Control 233 WE2/DQMUL/ICIORD IN
IPTK6

262 D27/PTB3 Control 232 WE3/DQMUU/ICIORD IN
IPTK7

261 D26/PTB2 Control 231 AUDSYNC/PTE? IN

260 D25/PTB1 Control 230 CS2/PTKO IN

259 D24/PTBO Control 229 CS3/PTK1 IN

258 D23/PTA7 Control 228 CS4/PTK2 IN

257 D22/PTA6 Control 227 CS5/CE1A/PTK3 IN

256 D21/PTA5 Control 226 CE2A/PTE4 IN

255 D20/PTA4 Control 225 CE2B/PTES IN

254 D19/PTA3 Control 224 A0 ouT

253 D18/PTA2 Control 223 Al ouT

252 D17/PTA1 Control 222 A2 ouT

251 D16/PTAO Control 221 A3 ouT

250 D15 Control 220 A4 ouT

249 D14 Control 219 A5 ouT

248 D13 Control 218 A6 ouT
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Table 22.3 SH7709A Pins and Boundary Scan Register Bits (cont)

Bit Pin Name /0 Bit Pin Name 110
217 A7 ouTt 187 CS4/PTK2 ouT
216 A8 ouT 186 CS5/CE1A/PTK3 ouT
215 A9 ouT 185 CS6/CE1B ouT
214 A10 ouT 184 CE2A/PTE4 ouT
213 All ouTt 183 CE2B/PTES ouT
212 Al12 ouT 182 A0 Control
211 A13 ouT 181 Al Control
210 Al4 ouT 180 A2 Control
209 Al5 ouT 179 A3 Control
208 Al6 ouT 178 A4 Control
207 A17 ouTt 177 A5 Control
206 Al18 ouT 176 A6 Control
205 A19 ouT 175 A7 Control
204 A20 ouT 174 A8 Control
203 A21 ouT 173 A9 Control
202 A22 ouT 172 A10 Control
201 A23 ouT 171 All Control
200 A24 ouT 170 Al2 Control
199 A25 ouT 169 A13 Control
198 BS/PTK4 ouTt 168 Al4 Control
197 RD ouT 167 Al5 Control
196 WEO/DQMLL ouT 166 Al6 Control
195 WE1/DQMLU/WE ouT 165 A17 Control
194 WE2/DQMUL/ICIORD ouT 164 A18 Control
IPTK6
193 WES3/DQMUU/ICIOWR ouT 163 A19 Control
IPTK7
192 RD/WR ouT 162 A20 Control
191 AUDSYNC/PTE? ouT 161 A21 Control
190 CS0/MCS0 ouT 160 A22 Control
189 CS2/PTKO ouT 159 A23 Control
188 CS3/PTK1 ouTt 158 A24 Control
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Table 22.3 SH7709A Pins and Boundary Scan Register Bits (cont)

Bit Pin Name /0 Bit Pin Name /0
157 A25 Control 127 BREQ IN
156 BS/PTK4 Control 126 WAIT IN
155 RD Control 125 AUDCK/PTH6 IN
154 WEO/DQMLL Control 124 10IS16/PTG7 IN
153 WE1/DQMLU/WE Control 123 ASEBRKAK/PTG5 IN
152 WE2/DQMUL/ICIORD Control 122 PTG4 IN
IPTK6
151 WE3/DQMUU/ICIOWR Control 121 AUDATA3/PTG3 IN
IPTK7

150 RD/WR Control 120 AUDATA2/PTG2 IN
149 AUDSYNC/PTE? Control 119 AUDATA1/PTG1 IN
148 CS0/MCS0 Control 118 AUDATAO/PTGO IN
147 CS2/PTKO Control 117 ADTRG/PTHS IN
146 CS3/PTK1 Control 116 IRLS3/PTF3/PINT11 IN
145 CS4/PTK2 Control 115 IRLS2/PTF2/PINT10 IN
144 CS5/CETA/PTK3 Control 114 IRLS1/PTF1/PINT9 IN
143 CS6/CE1B Control 113 IRLSO/PTFO/PINT8 IN
142 CE2A/PTE4 Control 112 MDO IN
141 CE2B/PTES Control 111 CKE/PTK5 ouT
140 CKE/PTK5 IN 110 RAS3L/PTJO ouT
139 RAS3L/PTJO IN 109 RAS2L/PTJ1 ouT
138 RAS2L/PTJ1 IN 108 CASLL/CASL/PTJ2 ouT
137 CASLL/CASL/PTJ2 IN 107 CASLH/CASU/PTJ3 ouT
136 CASLH/CASU/PTJ3 IN 106 CASHL/PTJ4 ouT
135 CASHL/PTJ4 IN 105 CASHH/PTJ5 ouT
134 CASHH/PTJ5 IN 104 DACKO/PTD5 ouT
133 DACKO/PTD5 IN 103 DACK1/PTD7 ouT
132 DACK1/PTD7 IN 102 CAS2L/PTE6 ouT
131 CAS2L/PTE6 IN 101 CAS2H/PTE3 ouT
130 CAS2H/PTE3 IN 100 RAS3U/PTE2 ouT
129 RAS3U/PTE2 IN 99 RAS2U/PTE1 ouT
128 RAS2U/PTE1 IN 98 BACK ouT
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Table 22.3 SH7709A Pins and Boundary Scan Register Bits (cont)

Bit Pin Name /0 Bit Pin Name 110
97 ASEBRKAK/PTG5 ouTt 65 RxD2/SCPT4 IN
96 AUDATA3/PTG3 ouT 64 WAKEUP/PTD3 IN
95 AUDATA2/PTG2 ouT 63 RESETOUT/PTD2 IN
94 AUDATA1/PTG1 ouTt 62 DRAKO/PTD1 IN
93 AUDATAO/PTGO ouTt 61 DRAK1/PTDO IN
92 CKE/PTK5 Control 60 DREQO/PTD4 IN
91 RAS3L/PTJO Control 59 DREQ1/PTD6 IN
90 RAS2L/PTJ1 Control 58 RxD1/SCPT2 IN
89 CASLL/CASL/PTJ2 Control 57 CTS2/IRQ5/SCPT7 IN
88 CASLH/CASU/PTJ3 Control 56 MCS7/PTC7/PINT7 IN
87 CASHL/PTJ4 Control 55 MCS6/PTC6/PINT6 IN
86 CASHH/PTJ5 Control 54 MCS5/PTC5/PINTS IN
85 DACKO/PTD5 Control 53 MCS4/PTC4/PINT4 IN
84 DACK1/PTD7 Control 52 MCS3/PTC3/PINT3 IN
83 CAS2L/PTE6 Control 51 MCS2/PTC2/PINT2 IN
82 CAS2H/PTES3 Control 50 MCS1/PTC1/PINT1 IN
81 RAS3U/PTE2 Control 49 MCSO0/PTCO/PINTO IN
80 RAS2U/PTE1 Control 48 MD3 IN
79 BACK Control 47 MD4 IN
78 ASEBRKAK/PTG5 Control 46 MD5 IN
77 AUDATA3/PTG3 Control 45 STATUSO/PTJ6 ouT
76 AUDATA2/PTG2 Control 44 STATUS1/PTJ7 ouT
75 AUDATA1/PTG1 Control 43 TCLK/PTH7 ouT
74 AUDATAOQ/PTGO Control 42 IRQOUT ouT
73 STATUSO/PTJ6 IN 41 TxDO/SCPTO ouT
72 STATUS1/PTJ7 IN 40 SCKO0/SCPT1 ouT
71 TCLK/PTH7 IN 39 TxD1/SCPT2 ouT
70 SCKO0/SCPT1 IN 38 SCK1/SCPT3 ouT
69 SCK1/SCPT3 IN 37 TxD2/SCPT4 ouT
68 SCK2/SCPT5 IN 36 SCK2/SCPT5 ouT
67 RTS2/SCPT6 IN 35 RTS2/SCPT6 ouT
66 RxDO/SCPTO IN 34 MCS7/PTC7/PINT7 ouT
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Table 22.3 SH7709A Pins and Boundary Scan Register Bits (cont)

Bit Pin Name /0 Bit Pin Name /0
33 MCS6/PTC6/PINT6 ouT 15 SCK1/SCPT3 Control
32 MCS5/PTC5/PINTS ouT 14 TxD2/SCPT4 Control
31 MCS4/PTCA4/PINT4 ouT 13 SCK2/SCPT5 Control
30 WAKEUP/PTD3 ouT 12 RTS2/SCPT6 Control
29 RESETOUT/PTD2 ouT 11 MCS7/PTC7/PINT7 Control
28 MCS3/PTC3/PINT3 ouT 10 MCS6/PTC6/PINT6 Control
27 MCS2/PTC2/PINT2 ouT 9 MCS5/PTC5/PINTS Control
26 MCS1/PTC1/PINT1 ouT 8 MCS4/PTCA4/PINT4 Control
25 MCSO0/PTCO/PINTO ouT 7 WAKEUP/PTD3 Control
24 DRAKO/PTD1 ouT 6 RESETOUT/PTD2 Control
23 DRAK1/PTDO ouT 5 MCS3/PTC3/PINT3 Control
22 STATUSO/PTJ6 Control 4 MCS2/PTC2/PINT2 Control
21 STATUS1/PTJ7 Control 3 MCS1/PTC1/PINT1 Control
20 TCLK/PTH7 Control 2 MCSO0/PTCO/PINTO Control
19 IRQOUT Control 1 DRAKO/PTD1 Control
18 TxDO/SCPTO Control 0 DRAK1/PTDO Control
17 SCKO/SCPT1 Control  to TDO
16 TxD1/SCPT2 Control
Note: Control is an active-low signal.

When Control is driven low, the corresponding pin is driven by the value of OUT.
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22.4  H-UDI Operations

22.4.1 TAP Controller

Figure 22.2 shows the internal states of TAP controller. State transitions basically conform w
the JTAG standard.

( :X Test-logic-reset %
0 y

( :) Run-test/idle

( Update-DR )= ( Update-IR )=

1 0 1 0

Y Y

Y Y

Figure 22.2 TAP Controller State Transitions

Note: The transition condition is the TMS value on the rising edge of TCK. The TDI value is
sampled on the rising edge of TCK; shifting occurs on the falling edge of TCK. The TI
value changes on the TCK falling edge. The TDO is at high impedance, except with s
DR (shift-SR) and shift-IR states. During the change to TRSTN = 0, there is a transitic
test-logic-reset asynchronously with TCK.
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22.4.2 Reset Configuration

Table 22.4 Reset Configuration

ASDMDO** RESETP TRST Chip State
H L L Normal reset and H-UDI reset
H Normal reset
H L H-UDI reset only
H Normal operation
L L L Reset hold*?
H Normal reset
H L H-UDI reset only
H Normal operation
Notes: 1. Performs normal operation mode and ASE mode settings

668

ASEMDO = H, normal operation mode
ASEMDO = L, ASE mode
ASEMDO pin should be high level when an emulator or H-UDI is not used.

During ASE mode, reset hold is enabled by setting RESETP and TRST pins at low level
for a constant cycle. In this state, the CPU does not start up, even if RESETP is set to
high level. When TRST is set to high level, H-UDI operation is enabled, but the CPU
does not start up. The reset hold state is cancelled by the following:

« Boot request from H-UDI (boot sequence)

« Another RESETP assert (power-on reset)
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2243 H-UDI Reset

An H-UDI reset is executed by setting an H-UDI reset assert command in SDIR. An H-UDI r
is of the same kind as a power-on reset. An H-UDI reset is released by inputting an H-UDI ri
negate command.

SDIR H-UDI reset agsert H-UDI reset negate i

Chip internal reset 3 \

~

CPU state ' | Branch to H'A0000000

Figure 22.3 H-UDI Reset

22.4.4 H-UDI Interrupt

The H-UDI interrupt function generates an interrupt by setting a command from the H-UDI in
SDIR. An H-UDI interrupt is a general exception/interrupt operation, resulting in a branch to «
address based on the VBR value plus offset, and return by the RTE instruction. This interrup
request has a fixed priority level of 15.

H-UDI interrupts are not accepted in sleep mode or standby mode.

22,45 Bypass

The JTAG-based bypass mode for the H-UDI pins can be selected by setting a command frc
H-UDI in the SDIR.

22.4.6 Using H-UDI to Recover from Sleep Mode

It is possible to recover from sleep mode by setting a command (0001) from the H-UDI in SC
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22.5 Boundary Scan

A command can be set in SDIR by the H-UDI to place the H-UDI pins in the boundary scan m
stipulated by JTAG.

22.5.1 Supported Instructions

The SH7709A supports the three essential instructions defined in the JTAG standard (BYPAS
SAMPLE/PRELOAD, and EXTEST).

BYPASS: The BYPASS instruction is an essential standard instruction that operates the bypa
register. This instruction shortens the shift path to speed up serial data transfer involving othe
chips on the printed circuit board. While this instruction is executing, the test circuit has no ef
on the system circuits. The instruction code is 1111.

SAMPLE/PRELOAD: The SAMPLE/PRELOAD instruction inputs values from the SH7709A's
internal circuitry to the boundary scan register, outputs values from the scan path, and loads ¢
onto the scan path. When this instruction is executing, the SH7709A's input pin signals are
transmitted directly to the internal circuitry, and internal circuit values are directly output
externally from the output pins. The SH7709A's system circuits are not affected by execution
this instruction. The instruction code is 0100.

In a SAMPLE operation, a snapshot of a value to be transferred from an input pin to the intern
circuitry, or a value to be transferred from the internal circuitry to an output pin, is latched into
boundary scan register and read from the scan path. Snapshot latching is performed in
synchronization with the rise of TCK in the Capture-DR state. Snapshot latching does not afft
normal operation of the SH7709A.

In a PRELOAD operation, an initial value is set in the parallel output latch of the boundary sca
register from the scan path prior to the EXTEST instruction. Without a PRELOAD operation,
when the EXTEST instruction was executed an undefined value would be output from the out
pin until completion of the initial scan sequence (transfer to the output latch) (with the EXTES
instruction, the parallel output latch value is constantly output to the output pin).

EXTEST: This instruction is provided to test external circuitry when the SH7709A is mounted
a printed circuit board. When this instruction is executed, output pins are used to output test ¢
(previously set by the SAMPLE/PRELOAD instruction) from the boundary scan register to the
printed circuit board, and input pins are used to latch test results into the boundary scan regis
from the printed circuit board. If testing is carried out by using the EXTEST instruction N time:
the Nth test data is scanned-in when test data (N-1) is scanned out.
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Data loaded into the output pin boundary scan register in the Capture-DR state is not used ft
external circuit testing (it is replaced by a shift operation).

The instruction code is 0000.

22.5.2 Notes on Use

1. Boundary scan mode covers clock-related signals (EXTAL, EXTAL2, XTAL, XTAL2,
CKIO).

2. Boundary scan mode does not cover reset-related si@iEETP, RESETM, CA).

3. Boundary scan mode does not cover H-UDI-related signals (TCK, TDI, TDO, TMS, TRST

4. When a boundary scan test is carried out, ensure that the CKIO clock operates constantl
The CKIO frequency range is as follows:
Minimum: 1 MHz
Maximum: Maximum frequency for respective clock mode specified in the CPG section
Set pins MDJ[2:0] to the clock mode to be used.
After powering on, wait for the CKIO clock to stabilize before performing a boundary scan
test.

5. Fix theRESETP pin low.

6. Fix the CA pin high, and theSEMDO pin low.
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22.

22

6 Notes on Use

. An H-UDI command other than an H-UDI interrupt, once set, will not be modified as long a

another command is not re-issued from the H-UDI. An H-UDI interrupt command, howeve
will be changed to a bypass command once set.

Because chip operations are suspended in standby mode, H-UDI commands are not acce
However, the TAP controller remains in operation at this time.

The H-UDI is used for emulator connection. Therefore, H-UDI functions cannot be used w
using an emulator.

.7 Advanced User Debugger (AUD)

The AUD is a function exclusively for use by an emulator. Refer to the User's Manual for the
relevant emulator for details of the AUD.
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Section 23 Electrical Characteristics

23.1  Absolute Maximum Ratings
Table 23.1 shows the absolute maximum ratings.

Table 23.1 Absolute Maximum Ratings

Item Symbol Rating Unit
Power supply voltage (1/0O) VeeQ -0.3t04.2 \%
Power supply voltage (internal) Vcc -0.3t025 \%

Vce - PLL1

Vcc — PLL2

Vce - RTC
Input voltage (except port L) Vin -0.3to VccQ + 0.3 \%
Input voltage (port L) Vin -0.3to AVcc + 0.3 \%
Analog power-supply voltage  AVcc -0.3t0 4.6 \Y
Analog input voltage Van —-0.3to AVcc + 0.3 \Y
Operating temperature Topr —-20to 75 °C
Storage temperature Tstr -551t0 125 °C

Caution: Operating the chip in excess of the absolute maximum rating may result in permane
damage.

¢ Order of turning on 1.8 V/1.9 V power (Vcc, Vcc-PLL1, Vee-PLL2, Vec-RTC) and 3.3V
power (VccQ, AVcc):

1. First turn on the 3.3 V power, then turn on the 1.8 /1.9 V power withiug0UThis
interval should be as short as possible.

2. Until voltage is applied to all power supplies and a low level is input &EBETP pin,
internal circuits remain unsettled, and so pin states are also undefined. The system de
must ensure that these undefined states do not cause erroneous system operation.

Waveforms at power-on are shown in the following figure.
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(Max. 100 pus)

3.3V power

1.8 V/1.9 V power

1.8VI19V - R :

RESETP %

B e S )
Pin states undefined

All other pins* %

- -
Pin states undefined Power-on reset state

Note: * Except power/GND, clock related, and analog pins

Power-On Sequence

» Power-off order

1. Inthe reverse order of powering-on, first turn off the 1.8 V/1.9 V power, then turn off the

3.3 V power within 10Qus. This interval should be as short as possible.

2. Pin states are undefined while only the 1.8 V/1.9 V power is off. The system design mu

ensure that these undefined states do not cause erroneous system operation.
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23.2

DC Characteristics

Tables 23.2 and 23.3 list DC characteristics.

Table23.2 DC Characteristics(Ta=-20to 75°C)

Item Symbol Min Typ Max Unit Measurement Conditions
Power supply voltage  VccQ 3.0 33 36 \%
Vce, 1.75 1.90 2.05 133 MHz model
Vce-PLLY,
Vce-PLL2,
Vce-RTC 1.65 1.80 2.05 100 MHz model
Current  Normal Icc — 210 350 mA Vee =19V, lg=133 MHz
dissipation operation
— 150 250 Veec =1.8V, lp =100 MHz
IlccQ — 20 40 VeeQ =3.3V, Bp=33 MHz
In sleep Icc — 10 20 B@ = 33MHz
mode** lccQ — 15 30
In standby lcc — 40 120 HA Ta = 25°C (RTC on)*?
mode VeeQ =3.3V,
lccQ — 10 30 Vec=19V/1.8V
Icc — 35 110 Ta = 25°C (RTC off)
VeeQ =3.3V,
lccQ — 10 30 Vec=19V/1.8V
Input high RESETP, V, VeeQ — VeeQ + V
voltage RESETM, x 0.9 0.3
NMI,
IRQ5- IRQO,
MD5-MDO,
ASEMDO,
CA, RxD1,
ADTRG,
PINT15-
PINTO,
EXTAL,
CKIO
Port L 2.0 — AVcc +
0.3
Other input 2.0 — VeeQ +
pins 0.3
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Table 23.2 DC Characteristics (Ta = —-20 to 75°C) (cont)

Item Symbol Min Typ Max Unit Measurement Conditions
Input low RESETP, V., -03 — VeeQ x Vv
voltage RESETM, 0.1

NMI,

IRQ5-IRQO,

MD5-MDO,

ASEMDO,

CA, RxD1,

ADTRG,

PINT[15]-

PINTI[O],

EXTAL,

CKIO

Port L -03 — AVcc %

0.2

Other input -0.3 — VeeQ x

pins 0.2
Input leak All input pins | lin | — — 1.0 HA Vin = 0.5 to VccQ-0.5V
current
Three- I/O, all outputl Isti | — — 1.0 HA Vin = 0.5 to VccQ-0.5V

state leak pins (off
current condition)

Output All output Vg, 2.4 — — \Y, VeeQ =3.0V, IOH =-200 pA
high pins
voltage

2.0 — — VeeQ =3.0V, IOH =-2mA
Output low All output Vg, — — 0.55 VeeQ =3.6V,IOL=1.6 mA

voltage pins

Pull-up Port pin Ppull 30 60 120 kQ
resistance

Pin All pins C — — 10 PF
capacity

Analog AVcc 3.0 3.3 3.6 \%
power-
supply
voltage
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Table 23.2 DC Characteristics (Ta = —20 to 75°C) (cont)

Item Symbol  Min Typ Max Unit Measurement Conditions
Analog During A/D Alcc — 0.8 2 mA
power- conversion
supply
current During A/D — 2.4 6 mA
and D/A
conversion
Idle — 0.01 5.0 HA
Notes: 1. No external bus cycles except refresh cycles.
2. Conditions include hardware standby mode.
3. Regardless of whether PLL or RTC is used, connect Vcc — PLL and Vcec — RTC to Vcc,
and Vss — PLL and Vss — RTC to Vss.
4. AVcc must be under condition of VecQ — 0.3 V < AVcec < VeeQ + 0.3 V. If the A/D and
D/A converters are not used, do not leave the AVcc and AVss pins open. Connect AVcc
to VccQ, and connect AVss to VssQ.
5. Current dissipation values shown are the values at which all output pins are without

load
under conditions of VIHmin = VccQ - 0.5V, VILmax = 0.5 V.

Table 23.3 Permitted Output Current Values

(VeceQ=3.3+0.3V,Vcc=18+0.2V,AVcc=3.3+£0.3V, Ta=-20to 75°C)

Item Symbol Min Typ Max  Unit

Output low-level permissible current (per pin) lou — — 2.0 mA
Output low-level permissible current (total) > o — — 120 mA
Output high-level permissible current (per pin) —lon — — 2.0 mA
Output high-level permissible current (total) > (—low) — — 40 mA

Caution: To ensure LSl reliability, do not exceed the value for output current given in table 23.3.
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23.3 AC Characteristics

In general, inputting for this LSI should be clock synchronous. Keep the setup and hold times
each input signal unless otherwise specified.

Table 23.4 Maximum Operating Frequencies
(VecQ=3.3+0.3V,VccQ=1.8+0.2V, AVcc=3.3+0.3V, Ta=-20to 75°C)

Iltem Symbol Min * Typ Max Unit Remarks
Operating CPU, cache, TLB f 16 — 133.34 MHz 133 MHz model
frequency 100 100 MHz model
External bus 16 — 66.67
Peripheral module 4 — 33.34

Note: * The Min value depends on the clock mode used. See table 9.4, Available Combinations of
Clock Mode and FRQCR Values.
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23.3.1  Clock Timing

Table 23.5 Clock Timing (1)
(VeeQ=3.3+£0.3V,VccQ=1.8+0.2V, AVcc=3.3+£0.3V, Ta=-20to 75°C,
Maximum External Bus Operating Frequency: 20 MHz)

Item Symbol Min Max Unit Figure
EXTAL clock input frequency fex 5 20 MHz 23.1
EXTAL clock input cycle time texeye 50 200 ns

EXTAL clock input low pulse width ey 8 — ns

EXTAL clock input high pulse width e 8 — ns

EXTAL clock input rise time texr — 4 ns

EXTAL clock input fall time teye — 4 ns

CKIO clock input frequency e 20 20 MHz 23.2
CKIO clock input cycle time teieye 50 50 ns

CKIO clock input low pulse width e 8 — ns

CKIO clock input high pulse width tekm 8 — ns

CKIO clock input rise time tewr — 4 ns

CKIO clock input fall time texie — 4 ns

CKIO clock output frequency fop 16 20 MHz 23.3
CKIO clock output cycle time teye 50 62.5 ns

CKIO clock output low pulse width texoL 20 — ns

CKIO clock output high pulse width tewon 20 — ns

CKIO clock output rise time tekor — 7 ns

CKIO clock output fall time tekor — — ns
Power-on oscillation settling time tosct 10 — ms 23.4
RESETP setup time treses 20 — ns 23.4,23.5
RESETM setup time tresus 0 — ns
RESETP assert time teespw 20 — teyc
RESETM assert time tresuw 20 — tcyc
Standby return oscillation settling time 1 tye, 10 — ms 235
Standby return oscillation settling time 2ty 10 — ms 23.6
Standby return oscillation settling time 3 tyg, 11 — ms 23.7
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Table 23.5 Clock Timing (1) (cont)
(VccQ=3.3+0.3V,Vcc=1.8+0.2V, AVcc =3.3+0.3V, Ta=-20to 75°C,

Maximum External Bus Operating Frequency: 20 MHz)

Iltem Symbol Min Max Unit Figure

PLL synchronization settling time 1 o 100 — Us 23.8,23.9
(standby canceled)

PLL synchronization settling time 2 oLz 100 — ps 23.10
(multiplication rate modified)

IRQ/IRL interrupt determination time tirisTe 100 — us 23.10

(RTC used and standby mode)
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Table 23.5 Clock Timing (2)

(VccQ=3.3+£0.3V,Vcc=1.8+0.2V,AVcc =3.3£0.3V, Ta=-20to 75°C,
Maximum External Bus Operating Frequency: 33 MHz)

Item Symbol  Min Max Unit Figure
EXTAL clock input frequency fex 5 33 MHz 231
EXTAL clock input cycle time texeye 30.3 200 ns

EXTAL clock input low pulse width ey 7 — ns

EXTAL clock input high pulse width tex 7 — ns

EXTAL clock input rise time texr — ns

EXTAL clock input fall time texe — ns

CKIO clock input frequency fea 20 33 MHz 23.2
CKIO clock input cycle time tekieye 30.3 50 ns

CKIO clock input low pulse width e 7 — ns

CKIO clock input high pulse width t ek 7 — ns

CKIO clock input rise time tewr — ns

CKIO clock input fall time tewe — ns

CKIO clock output frequency fop 16 33 MHz 23.3
CKIO clock output cycle time toye 30.3 50 ns

CKIO clock output low pulse width tekoL 8 — ns

CKIO clock output high pulse width tekon 8 — ns

CKIO clock output rise time teror — 6 ns

CKIO clock output fall time tekor — 6 ns

Power-on oscillation settling time tosct 10 — ms 23.4
RESETP setup time treses 20 — ns 23.4,235
RESETM setup time tresus 0 — ns

RESETP assert time tresew 20 — tcyc
RESETM assert time tresmw 20 — tcyc

Standby return oscillation settling time 1 t,q, 10 — ms 235
Standby return oscillation settling time 2 tyqc, 10 — ms 23.6
Standby return oscillation settling time 3 to., 11 — ms 23.7
PLL synchronization settling time 1 oL 100 — ps 23.8,23.9
(standby canceled)

PLL synchronization settling time 2 oLz 100 — us 23.10
(multiplication rete modified)

IRQ/IRL interrupt determination time tirisTs 100 — ps 23.10

(RTC used and standby mode)
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Table 23.5 Clock Timing (3)
(VecQ=3.3+0.3V,Vecc=1.8+0.2V, AVcc =3.3+0.3V, Ta=-20to 75°C,
Maximum External Bus Operating Frequency: 66 MHz)

Iltem Symbol  Min Max Unit Figure
EXTAL clock input frequency fex 5 66 MHz 23.1
EXTAL clock input cycle time texeye 15.2 200 ns

EXTAL clock input low pulse width e 4 — ns

EXTAL clock input high pulse width texn 4 — ns

EXTAL clock input rise time texr — 2 ns

EXTAL clock input fall time texe — 2 ns

CKIO clock input frequency few 20 66 MHz 23.2
CKIO clock input cycle time toxieye 15.2 50 ns

CKIO clock input low pulse width ter 4 — ns

CKIO clock input high pulse width [ 4 — ns

CKIO clock input rise time terir — 2 ns

CKIO clock input fall time tewe — 2 ns

CKIO clock output frequency fop 16 66 MHz 23.3
CKIO clock output cycle time toye 15.2 625 ns

CKIO clock output low pulse width tekoL 3 — ns

CKIO clock output high pulse width tekon 3 — ns

CKIO clock output rise time tewor — 5 ns

CKIO clock output fall time tekor — 5 ns

Power-on oscillation settling time tosct 10 — ms 23.4
RESETP setup time treses 20 — ns 23.4,23.5
RESETM setup time tresus 0 — tcyc
RESETP assert time tresew 20 — teyc
RESETM assert time tresvw 20 — ns

Standby return oscillation settling time 1 t,q., 10 — ms 235
Standby return oscillation settling time 2t g, 10 — ms 23.6
Standby return oscillation settling time 3 tyg, 11 — ms 23.7
PLL synchronization settling time 1 tous 100 — ps 23.8,23.9
(standby canceled)

PLL synchronization settling time 2 tos 100 — ps 23.10
(multiplication rete modified)

IRQ/IRL interrupt determination time tirisT 100 — ps 23.10
(RTC used and standby mode)
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texeyc
EXTAL® texH : texe N
(input)
1/2 Ve Vig ViH X
; ViL
texrF
_> <—

Note: * The clock input from the EXTAL pin.

Figure 23.1 EXTAL Clock Input Timing

tCKIcyc

Y

A

tekiH tekiL

A

CKIO

(input)
ViH Vil
12 Vee -4 ViH 12V
/ X_VlL Vi A ¢

., <Eq,: tekir
Figure 23.2 CKIO Clock Input Timing
- feye >
tckoH < koL >
CKIO
(output) V2Vecy Vi _\V\;’H VVOHZ U2V
»l g [CKOF | tckor

Figure 23.3 CKIO Clock Output Timing
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Stable oscillation

e AW/ VAWE VAN

(¢
)]

RESPIMW o tRESPIVS

Vee Ve min

tosc1

RESETP | /

RESETM ) 53_7

Note: Oscillation settling time when built-in oscillator is used

Figure 23.4 Power-on Oscillation Settling Time

Standby Stable oscillation
— 7 >

E AW AVAVAVAS

tRESP/IMW
RESETP \

RESETM

tosce

A
vy

I
<~

(¢
))

Note: Oscillation settling time when built-in oscillator is used

Figure 23.5 Oscillation Settling Time at Standby Return (Return by Reset)
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Standby Stable oscillation

> >
CKIO,
internal
clock

toscs

A

N
N2

NMI

NN
<~

WAKEUP

Note: Oscillation settling time when built-in oscillator is used

Figure 23.6 Oscillation Settling Time at Standby Return (Return by NMI)

Standby Stable oscillation

] >
CKIO,
internal
clock

tosca

A

N
<~

IRQ4 to IRQO i
PINTO/1 -

N
NN

WAKEUP

Note: Oscillation settling time when built-in oscillator is used

Figure 23.7 Oscillation Settling Time at Standby Return
(Return by IRQ4 to IRQO)
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Reset or NMI interrupt request

Stable input clock} Stable input clock

|
- - >
|

EXTAL input 1 |
or CKIO I I
input !

PLL synchronization ,
B e E—

PLL output, « |
CKIO output ) ‘
Internal clock/—\_/—\

STATUS 0 ‘
sTaTusy1  Normal X

PLL synchronization

(
Standby
))

1 |

Note: PLL oscillation settling time when clock is input from EXTAL pin or CKIO pin

Figure 23.8 PLL Synchronization Settling Time by Reset or NMI

IRQ4 — IRQO/IRL3 — IRLO interrupt request
v

Stable input clock l Stable input clock

EXTAL input |
or CKIO input | )
|

PLL synchronization i tRLsTB | tpLL1 PLL synchronization

: L |
! l

I

I

)
(¢ (¢ T
! I
)) ))
(¢ (¢

PLL output,
CKIO output

Internal clock

|

I

|

|

|

) !
1 ] (

|

|

]

|

|

|

AN
MU

|

|

|

|

|

|

!

T

|

(¢ T
glﬁ$8§ 8 Normal X Standby

T

)
i 1t 1 |

Note: PLL oscillation settling time when clock is input from EXTAL pin or CKIO pin

Figure 23.9 PLL Synchronization Settling Time by IRQ/IRL Interrupt
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Multiplication rate modified

+ ;
EXTALinput*l/ \_/ \_/ \%XJ \_/ \_/ \_

|
|
! tpLLo
———————————————————————————————P
|

|

|

|

et WAl ni el

Notes: 1. CKIO inputin clock mode 7
2. PLL output in clock mode 7

Figure 23.10 PLL Synchronization Settling Time when Frequency Multiplication

Rate Modified
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23.3.2  Control Signal Timing

Table 23.6 Control Signal Timing
(Vcc=3.3+0.3V,Vcec (1.8V)=3.3+0.3V,AVcc=3.3+£0.3V, Ta=-20to

75°C)
—66*?

Iltem Symbol Min Max Unit Figure
RESETP pulse width tresew 20 ** — tcyc 23.11,
RESETP setup time™ treses 23 — ns 23.12
RESETP hold time tecsen 2 — ns
RESETM pulse width tresww 12 %4 — tcyc
RESETM setup time tresws 3 — ns
RESETM hold time tecsun 34 — ns
BREQ setup time tereos 10 — ns 23.14
BREQ hold time tereon 3 — ns
NMI setup time ** tums 10 — ns 23.12,
NMI hold time tawin 4 — ns 23.13
IRQ5-IRQO setup time ** tiros 10 — ns
IRQ5-IRQO hold time tirom 4 — ns
IRQOUT delay time traon — 12 ns
BACK delay time toacko — 10 ns 23.14,
STATUS1, STATUSO delay time tsmo — 16 ns 23.15
Bus tri-state delay time 1 teorrt 0 15 ns
Bus tri-state delay time 2 teorr2 0 15 ns
Bus buffer-on time 1 taont 0 15 ns
Bus buffer-on time 2 teonz 0 15 ns

Notes: 1. RESETP, NMI, and IRQ5 to IRQO are asynchronous. Changes are detected at the clock
fall when the setup shown is used. When the setup cannot be used, detection can be
delayed until the next clock falls.

2. The upper limit of the external bus clock is 66 MHz.

3. In the standby mode, tacspy = tose, (10 ms). In the sleep mode, taegpy = to 1 (100 pS).
When the clock multiplication ratio is changed, tgegpy = tp, (100 ps).

4. In the standby mode, tgesyw = tosc, (10 ms). In the sleep mode, RESETM must be
kept low until STATUS (0-1) changes to reset (HH). When the clock multiplication ratio
is changed, RESETM must be kept low until STATUS (0-1) changes to reset (HH).
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CKIO

tRESPW/MW

RESETP \
RESETM N

Figure 23.11 Reset Input Timing

RESPHMH | RESPS/MS
_ V
RESETP IH
RESETM Vi
. tNMIH Oy tmis
ViH
NMI
ViL
tirRoH oy tiros R
Vin
IRQ5 to IRQO
Vi
Figure 23.12 Interrupt Signal Input Timing
CKIO
tirQoD tirQoD
IRQOUT ((
)

Figure 23.13 TRQOUT Timing
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cko /XYy N RN
t8BREQH IBREQS tBREQH | IBREQS
\ ]
BREQ
% ‘ )
tgackD tgackD
f—i e
BACK «
J— ____ 2 t
RD, RD/WR, B 'BoFF2 BoN2
RAS, CAS 7 / ‘_q «
CSn, WER, BS, S . " taon1
BOFF1
MCSn 35 '_T '_T
A25 to A0, £
D31 to DO § | |
Figure 23.14 Bus Release Timing
Normal mode | Standby mode R Normal mode R
K10 Jr\fwm
tstp tsTp
\
STATUS 0
STATUS 1
\
L L tBoFF2 tgon2
RD, RD/WR, __ [*+* -«
RAS, CAS, )
CSn, WEN, !
BS, MCSn t8oFF1 tgont
A25 to AO, ))
D31 to DO ((
Figure 23.15 Pin Drive Timing at Standby
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23.3.3 AC Bus Timing

Table 23.7 Bus Timing
(Clock Modes 0/1/2/3/4/7, VccQ =3.3+£0.3V,Vecc=1.8+0.2V,AVcc=3.3+0
V, Ta=-20to 75°C)

—66*
Iltem Symbol Min Max Unit Figure
Address delay time tao 2 13 ns 23.16-23.29, 23.35-23.49, 23.52-23.59
Address setup time tas 0 — ns 23.16-23.18(2), 23.22-23.29
Address hold time tar 7 — ns 23.16-23.29
BS delay time taso — 12 ns 23.16-23.29, 23.35-23.49, 23.52-23.59
CS delay time 1 teson 2 12 ns  23.16-23.29, 23.35-23.49, 23.52-23.59
CS delay time 2 tesoo 1 12 ns  23.16-23.21
Read/write delay time tewo 2 10 ns 23.16-23.29, 23.35-23.49, 23.52-23.59
Read/write hold time trwn 0 — ns 23.16-23.29
Read strobe delay time  tzq, — 10 ns 23.16-23.21 23.53-23.59
Read data setup time 1ty 12 — ns 23.16-23.25, 23.53-23.59
Read data setup time 2ty 7 — ns 23.26-23.29, 23.35-23.38
Read data setup time 3 tgpq; 12 — ns 23.30
Read data setup time 4 tpq, 12 — ns 23.31

Read data hold time 1 tront — ns 23.16-23.25, 23.53-23.59

Read data hold time 2 tronz — ns 23.26-23.29, 23.35-23.38, 23.43-23.47

Read data hold time 4 tgp,, — ns 23.31

0
2
Read data hold time 3 trons 0 — ns 23.30
6
1

Write enable delay time  t,,, 10 ns 23.16-23.18, 23.53-23.54
Write data delay time 1 tyop, — 14 ns  23.16-23.18, 23.53-23.54, 23.57-23.59
Write data delay time 2 t,5p, — 13 ns 23.22-23.29, 23.39-23.42
Write data setup time twos 0 — ns 23.22-23.29
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Table 23.7 Bus Timing (cont)
(Clock Modes 0/1/2/3/4/7,VecQ =3.3+£0.3V,Vecc=1.8+0.2V, AVcc =3.3% 0.
V, Ta=-20to 75°C)

_66*
Item Symbol Min Max Unit Figure
Write data hold time 1 typ,, 2 — ns  23.16-23.18, 23.22-23.29, 23.53-23.59
Write data hold time 2 twonz 2 — ns 23.39-23.42
Write data hold time 3 twons 2 — ns 23.16-23.18, 23.22-23.29
Write data hold time 4 twona 2 — ns 23.53-23.59
WAIT setup time tyrs 12 — ns  23.17-23.21, 23.54, 23.56, 23.58, 23.59
WAIT setup time 2 twrso 5 — ns  23.18(2)
WAIT hold time torn 0 — ns  23.17-23.21, 23.46, 23.56, 23.58, 23.59
RAS delay time 1 trasoy 1 13 ns  23.22-23.32
RAS delay time 2 tanso 1 13 ns  23.26-23.30, 23.35-23.52
CAS delay time 1 tensos 1 13 ns  23.22-23.29,23.32-23.24
CAS delay time 2 tenson 1 13 ns  23.35-23.52
CAS delay time 3 teasos 1 13 ns  23.30-23.31
CAS delay time 4 teaspa 1 13 ns  23.30-23.31
DQMdelay time toovo 2 10 ns  23.35-23.49
ICIORD delay time tcrep — 12 ns  23.57-23.59
ICIOWR delay time ticwsp — 12 ns  2357-2359
10IS16 setup time tioses 12 — ns  23.58,23.59
101S16 hold time toten 4 — ns  23.58,23.59
DACK delay time 1 tonkos — 12 ns  23.16-23.31, 23.53-23.59

Note: The upper limit of the external bus clock is 66 MHz.
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23.3.4 Basic Timing

Ty T2
CKIO Z x Z X Z
_/ N/ N/
tAD‘ tas tap
-+ < > [
pos 00 % 'S
tAH
< >
tcspa tcsp2 tRwH
CSn g& 7Z
tRDHL
trwp <> |truD
RD/WR % ><
tAn
< —
trRsp trsD tRwH
[ -« >
RD \L /
(read) 7
trRDHL
>
trDS1
“«>
D31 to DO
(read)
tAn
t twen |t "
| NVED Z\/ED=: RWH .
WEnRN X
(write) N 7: twoHs
twpb1 fwoHL
D31 to DO < b
(write)
tgsp tgsp
BS
tbakD1 tpAKD1
DACKn

Figure 23.16 Basic Bus Cycle (No Wait)
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CKIO

A25 to AO

O
(2]
S

RD/WR

(read)

D31 to DO
(read)

WEn
(write)

D31 to DO
(write)

DACKn

T Tw T2
tAD tas tAD
>l > le—>
tAH
>
tespy tcAsoz‘ tRwWH
: *
tRwp troH1| | tRwD
< |
trsD trsp | TRwH
\ /
/ tRDHL
>
trDS1
‘tWElz twep |« tan
_‘_i D Z__' trwH
\ / twoHs ‘
- gl
twppy] twpH1
> le—>|
tesp tBsp
tbakD1 tpakD1
k
twrs | twrH
7ooX

694

Figure 23.17 Basic Bus Cycle (One Wait)
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ckio | \ Z_\_7Z \ / \ /
_ N/ ] \ ]
tAD‘ tas tap
> > -«
A25 to A0 <:
tAH
>
tcspl tesp2 | tRwH
CSn g& 7Z
tRwD tR% trRwb
RD/WR ;ﬁ
tAH
T
trsD trRsD tRwH
_ [ >
RD 1\ /
(read) 7
tRDHL
-
trDS1
[
D31 to DO
(read)
tam
twep twep | trwn
. - > ‘ >
W_En X /
(write) N 7 twoms ‘
twop1 - twpH1
D31 to DO
(write)
tesp tesp
BS
tpAKD1L tbakD1
< [
DACKn >k *
twrs [twrH twrs| twrH
[ -
TR / \
WAIT 7 K

Figure 23.18 (1) Basic Bus Cycle (External Wait, WAITSEL = 0)
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CKIO 7[ Xi / BY / \ — I\
tao, |las taAD
> > >
A25 to AO <:
TAH
tcspl tespz trRwH
CSn 7Z
trRwD IR?E& trRwb
RD/WR ;< <
tAn
trsD trsD trwH
o [+ L
RD 1\l 4
(read) / t
RDH1
trpS1
[
D31 to DO
(read)
ta
twep twep | trwi
- o ‘ .
WEnRN \
(write) N 7 twoms ‘
gl
twbb1 twpH1
D31 to DO
(write)
tssp tesp
BS
tpAKD1L tpakD1
| [
DACKn >k JK
twrs2 |twTH twrs2 | twTH
- e
AT / \
WAIT 7 K

Figure 23.18 (2) Basic Bus Cycle (External Wait, WAITSEL = 1)
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23.3.5 Burst ROM Timing

Ty Te2 Te1 ‘ T2 Te1 T2 ‘ Te1 ‘ T2
R UL_\JL_\__/L_\_?L_\JHJHUL_M
tap tAD
A25to A4
] tAD tAD
[
om0 T Y
taH
umd
tcspa tcsp2 tR\NH
CSn F
tRDHL
\
trRwD trwp
—
e \
RD/WR
] i
tR‘SD trsD | taH tFSD trsp |tRWH
- L
tRDH1 tRDHL
aaal
trDs trDS1
|
D31 to DO ( >< >< >< ><
tgsp  |tBsD tBsD tgsp
_ > A ™ |
BS ; \_[
=L f L/ t[]
tpakD1 tbakD1
DACKn
twrs {twTH
iyl
WATT / \ v/ \

Note: In the write cycle, the basic bus cycle, the basic bus cycle is performed.

Figure 23.19 Burst ROM Bus Cycle (No Wait)
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CKIO

A25to A4

y

tAH
o
tespy tcsp2 | [tRwH
= | F
tRDHL
—»‘ |a—
trwD trwp
ey
RD/WR # >> t
- AH
trRsD trsp taH| | trsD trsp trRsp | [tRwH
[ |
RD %N L ﬁf S
trRoH1 tRDH1 tRDH1
> [[e— —>|  |e— le—
trRDS1 trRDS1
[
D31 to DO 55
tgsp | tBsD tgsp  |lBsD
[ [ 4—.‘
=1 { Tt Y
tpAkD1 tpakD1
-
DACKn % *
twrs|twrH twrs| twrH
twrs|twrH twrs|twrh
WAT 7( le 3: 7[ Xv_ SK 7[ » \ |

Note: In the write cycle, the basic bus cycle is performed.
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oo L3SV S UL L
tap tAp
A25to A4
B tap
[—
A3 10 AO ><
tAH
fcsp tcsp2 H_IEWH
|
CSn /
trRDHL
trwD tRwp
<—>‘ ™
RD/WR __% taH EK_
trsp trsp1 taH | |tRSD1 trsD | tRwH
[
- jr 7[ L]
tRDH1 tRDHL
- 1
trpS1 trDs
[
D31 to DO ( *
tesp tesp tgsp  |tBsD
[
BS AT ‘;L
tpakD1L tDAKDL
DACKn
twrs [twTH twrs [twTH
twrs [twTh twrs [twTH
N \ [V \ /7 N
WAIT N 17 N N A \

Note: In the write cycle, the basec bus cycle is performed.

Figure 23.21 Burst ROM Bus Cycle (External Wait, WAITSEL = 0)
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23.3.6  DRAM Timing
T - Te1 - Te2 (Tpe) -
CKIO 7[ XK 7[ ST 7[ % 7[ \
tap tAD
[
A25 to A16 * Row address ‘_JC
tAD‘ tas | tAD tas |
> > e >
I [
A15 to A0 * Row address>< Column address %C
trRwp tan tfrRwD
> «——> «—p
RDWR * {
taH
traSDL tRasDL|  tRwH
le—> > >
_ /
RAS /
taH |
tcasp1 tcasp1|  |[tRwH
> «—>le »>
\ /T
CASxx N\ /
twos tRDH1L
»> —>
trDS1
>
D31 to DO
(read)
twoH3
twob2 twoH1
[
D31 to DO
(write)
tgsp tBsp
BS
tespa tcspr
-
CS2 or CS3 Qﬁ
DAKD1 tbakDL
-«
DACKn

Figure 23.22 DRAM Bus Cycle (TRCD =0, AnW =1, TPC = 0)
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oo XA\ S AN A A \S
_/ \_/ N_/
tap tAp
| [
A25to A16 j< Row address ><
tap |tas tap | tas
— |
\
A15 to AO Row address K Column address ><
trRwD taH trRwD
| |
RD/WR <
tAH
-
trASD1L trasD1| |[tRwH
o
RAS %
tAH
>
tcasp tcasp1| | tRwH
[ ) |
_ \
CASxx N 7
twos _ || JIRDH1
trDS1
D31 to DO { T
(read)
twpD2 - :WDHS
D31 to DO WOH1

(write)

tgsp  |iBSD
||
BS tCSDl u tCSDZI.

CS2 or CS3

toakD1 tpAKDL

DACKn

Figure 23.23 DRAM Bus Cycle (TRCD = 2, AnW = 2, TPC = 1)
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Tr Tcl TcZ Tcl | Tcz | Tcl | Tcz | Tcl TcZ (Tpc)‘

| |
K10 JHUHUHUWWLFUW
taD tap
A25 to A16 Row address
tap [tasftab|tas taD
;4/?‘5\” Column Column Column Column
Al5 to AO \addre: address address address address
trwp taH trwp
|| le—»] | —}
RD/WR ><
tAH
>
trASD1 trasD1| | tRWH
-+ H-» — |
RAS X i
JE
tcasp1|  |fcaspi tcasol| tRwH
[P tcaspl |
CASKX A \_/_\_/— i
CASxx N |/ | 7
twos troH1 tRDH1
f—>| | l— | |—
trDs1 trRDs1
4—’_ 4—’_‘
D31 to DO -
(read) | N
twpH3 twpHs
e w
twpp2 twpp2 twpH1
[
D31 to DO >< ><
(write)
tesp |tBsD
[
tcspl tcspl
[ Sag
CS2 or CS3
IpakD1 IpAkD1
DACKn

Figure 23.24 DRAM Burst Bus Cycle (TRCD = 0, AnW = 1, TPC = 0)

702
HITACHI




e T Ter | Jow g Tea ) Ter ) Tow ) T2 ) (Too) |
CKIO jﬂ, | & 4 ;U, AR L_\:Wl’i
tap tap
N <]
A25 to A16 :>§ Row address N
tap  [tas AD |tA tap
A15 to AO :>’ Row address >* Column address Column address >§
I tRwD | tAH >
Sl | trywD
RO/WR :>z X
tAH
tRASD1 |ap] Kbt
—\ trasp1 [ tRwH
RAS 7\ 7
t & tAH
CASD1 CASD1 -
>+ > - fcaspr (14— toyy
CASxx - Z n
twps \ / /]
Al ! (% tRpH1 ™ (1% tRoH1
tros1 trps1
|<—> |<—>
D31 to DO < N <
(write)
twop2 < twoHs - twoH3
A twop2 ** twoH1
D31 to DO
(write)
tBsD tBsp
> >
BS
tespr tcspa
CS2, CS3
foakDL toakDL
DACKn

Figure 23.25 DRAM Burst Bus Cycle (TRCD = 2, AnW = 2, TPC = 0)
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o Tr o Tcl o Tcz - (Tpc)
CKIO 7Z Al y X y N
_/ N/ N/ N/
tAD tap
S ]
A25 to A16 N Row address X\
ol s,y [l fhs e
| |
A15 to AO >— Row address>< Column address =
| <
trwp DU > tRwH
> tpwp
RD/WR >7
/] <
trASDL trASD2
-] -
RAS 7‘ 7
tcasp1 tcasp1
-] g
CASxx *R_ 7[
twps
-« trosz_ | trok2
D31 to DO L
(read)
twob2 <> twons
| tywpH1
D31 to DO
(write)
tBsp tBsp
P
BS
¥ tespr tcsp1
CS3
tbakD1 tbakD1
«>
DACKn

Figure 23.26 DRAM Bus Cycle (EDO mode, TRCD =0, AnW =1, TPC =0)
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e e g T g T g Tew g Tee g (e ) (Ted)
cko ¥\ Z_XU L/
tap tap
| |
A25 to A16 Row address
taD las tAD  tas tan
PEANRA | -
1 ‘ ‘
A15 to A0 :%< Row address Column address
trwp tAH _ || tRWH
] gl +*(trwp
RD/WR
trASD2
tRASDL  [¢—] >
RAS _XK
tcasp1 tcasDl
CASxx
twos trpsz | tRDH2
D31 to DO
(read) ||
ltwop2 | twpH3
| | twoH1
D31 to DO >
(write)
tesp tesp
] ]
BS \
| tcsp1 tesp
CS3
tpakD1 tpakD1
| >
DACKn

Figure 23.27 DRAM Bus Cycle (EDO mode, TRCD =2, AnW =2, TPC =1)
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T (Tpe)
- -
CKIO ﬁl A
taD taD
> <>
A251to A16 + Row address S<
tap |tas| tap tas »| [ tan
> :i-oo [ tap —»] < tan
A15 to AO _y JRoﬂ { |Column Column Column Column /
Rddress/[\ |address address address address ||
tRwp |1e» —b -t
RWH
> tAH 4 trup
RD/WR V. >7
t {RASD2
RASD1 |4l PN
— N —
RAS ) 7
teaspr  tcaspi tcaspr  fcaspi
) | )
CASxx X,
twps tRDSIZ tRDH2 )
g ¢ trps2 [« 4?| troH2
e (o i
(read)
twop2 || |« twons || | twpps
<« «» twpp2 O twpHl
D31 to DO >< ><
(write)
tBsp  |tBSD
>
BS N
tcsp1 tesp1
CS3
tbakD1 foakD1
e |
DACKn

Figure 23.28 DRAM Burst Bus Cycle
(EDO mode, TRCD =0, AnW =1, TPC =0)
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e T T ] Tow g Tez | Te ) Tow | Tez | (Ted) )
“°_ T o T_/L_\JF
taD taD
“— >
A25 to A16 >V Row address §<
tap tas tap |tas tAD
> « > -1t
| AH
T [
A15 to AO & |Row address 7( Column address Column address R
t,
<t—R>WD “ A > ™ tan ™ [+ Rwe
| trwp
RD/WR > —<
trAsSD2
tRASD1 [ >
e N %
RAS ’R ya
fcaspl tcaspL tcaspL
> - pe
CASxx S; Vi yin
twps ¢
A ROS2[—HeM trorz  trpsz [+ tromz
(o
(read)
twop2 1| [<=twpHa > twoHs
> twpp2 > twpH1
D31 to DO
(write)
tesp tBsp
BS
| tcsp1 «»| tcsp1
CS3
tpakD1 tbakD1
>
DACKn

Figure 23.29 DRAM Burst Bus Cycle
(EDO mode, TRCD =2, AnW =2, TPC = 0)
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CKIO

A25 to A16

A15 to AO

RD/WR

CASxx

D31 to DO
(read)

D31 to DO
(write)

CS2 or CS3

DACKn

T N Tes (Tpc)
tap tAD
Row address ><
tap|  las tap  tas
l 1 l l
Row address <Co|umn address K-
trwD >ty + > tan
] —» thwD
—" < tRwH
trASDL trASD2
le—>|
tcasps |tcaspa
-
Jwos tRDH3
|—
trDS3
twpb2 twpH1
- |
tBsp tBsp
tcsp1 tcspr
tbakD1 tbakDL
<|-;< <—§<

Figure 23.30 DRAM Short-Pitch Access Timing
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T: N Tes (Tpc)
ckio LN VA A /
_] \ [ N
tAD _»tAE_
A25to A16 Row address
tap| tas tap  las
|
A15 to A0 Row addre‘ss><Cqumn addr‘ess><
- -
trRwD t‘ t‘ trwp
AH AH o —
RD/WR
tRWH
trasDL trASDL
l—>
RAS X
tcasps | tcaspa
> [
CASxx twos N /
trps4 |tRDH4
D31 to DO
(read)
twop2 twoH1
| la—
D31 to DO
(write)
tesp tesp
BS ;
tespr _»tcsm
.—
CS3
tbakD1 tpakDL
—
DACKn

Figure 23.31 DRAM Short-Pitch Access Timing (EDO mode)
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(Thpe)
CKIO 7
trASD1 trASD1
«
RAS2 or RAS
tcaspl tcaspl
—
CASxx \
trwp
<—>‘
RD/WR % \
(High)
S2 or CS3

Figure 23.32 DRAM CAS-before-RAS Refresh Cycle (TRAS =0, TPC = 0)

TRre Trr1 Trr2 (Tpc) (Tpc)

Trew | TrRw | Trw | Trw
-«

(Tpe)
]

cKIO
]

trASD1

RAS2 or RAS

tcasp1 tcasp1

i
-

S2 or CS3 (High)

Figure 23.33 DRAM CAS-before-RAS Refresh Cycle (TRAS =3, TPC = 2)
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Tre Tria | Trew | Tsre | Tsrr | Tsrz2 | (Tpe) | (Tpo)
CKIO —
_
trASDL
ya
RAS2 or RASxx ( 7—
tcasp1 )) tcasp1
CASxx (( 7_
- )
&’]N ((
RD/WR 7~Z >()
)
- ((
CS2 or CS3 (High) )

Figure 23.34 DRAM Self-refresh Cycle (TPC = 0)
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23.3.7  Synchronous DRAM Timing

Tr Tcl Tc2 (Tpc) |
tAD tAD
A25 10 AL6 4_* Row addiess &
tAD tAD tAD
-
Read A
Al12 or A10 Row addless* commanc W :
tAD tAD tAD
|
Al5to AO Row addriess X Column gddress
tCSD1 tCSD1
CSn
tRWD tRWD
RD/WR _7|( Sk
tRASD2 tRASD2
<>
RAS
tCASD2 tCASD2
- |
CAS
tDQMD tDQMD
DQMxx
tRDS2| tRDH2
N
D31 to DO A /
tBSD tBSD
BS
CKE (High)
tDAKD1 IDAKD1

DACKn ‘%

Figure 23.35 Synchronous DRAM Read Bus Cycle (RCBO0, CAS Latency=1, TPC=0)
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CKIO

A25to A16

Al12 or A10

Al15to AO

0
>
@]

DQMxx

D31 to DO

CKE

DACKn

(Tpe) | (Tpc) |

Tr Trw Trw Tcl Tew Td1
tAD tAD
4-* Row address &
tAD tAD tAD
>
Row address )F Read AX
comman
tAD tAD tAD
‘.% Row address ‘% Column addregs “%
tCSD1 tCSD1
tRWD tRWD
tRASD2 |[tRASD2
tCASD2 | tCASD2

tDQMD tDQMD
tRDS2| tRDH2
[/
tBSD tBSD
(High)
DAKD1 tDAKD1

X

X

Figure 23.36 Synchronous DRAM Read Bus Cycle (RCB2, CAS Latency=2, TPC=1)
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Tr Tel Tc2/Tdl Tc3/Td2 Tc4/Td3 Td4 (Tpc) ) (Tpc) )
oo r\_/_\_/r\_?F\_/r\_?r\_?w
—/
tAD tAD
A25 to A16 “% Royv address “%
tAD tAD tAD tAD
> ]
A12 or A10 R?‘{" N Read command Read|AN :
aAddressi\ comnpan :
tAD tAD tAD
>
Row
Al5to A0 addrps %“m” doRss (1'4)X 7z
tCSD1 tCSD1
CSn :gk
tRWD tRWD
RD/WR _7|[
tRASD2 | tRASD2
RAS L :}
tCASD2 tCASD2
CAS N\
tDQMD tDQMD
DQMxx :jR ;‘L
tRDS2| tRDH2 tRDSZ tRDH2
tBSD tBSD

1

CKE (High)

IDAKD1 (DAKD1

[
DACKn

Figure 23.37 Synchronous DRAM Read Bus Cycle (Burst Read (Single Read), RCD= 0,
CAS Latency=1, TPC=1)
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Tr Trw Tcl Tc2 ) Tc3 Tc4/Tdl Td2 . Td3 ) Td4 (Tpc)I
e [\J%F\JF\JL-\J[\JF\JL_\JL-\JF\JL_\_
tAD tAD
A25to A16 Row addfess &
tAD tAD tAD tAD tAD
> <->|
Row
Al12 or A10 addfes| Read command
tAD tAD tAD
<>
AVA
A15 to A0 Ro Cepimn address [1-4) \/
addres; \ \ /
t€SD1 tCSD1
CSn }[
tRWD tRWD
RD/WR ; ’%
tRASD:!
tRASD2 <>
RAS
tCASD2 tCASD2
CAS ‘1 ‘;L
tDQMD tDQMD
DQMxx %\
tRDS2| tRDH2 tRDS2| tRDH2
| <>
\
(read) N/
tBSD tBSD
[+,
BS
CKE (High)
tDAKD1 tDAKD1
>
DACKn

Figure 23.38 Synchronous DRAM Read Bus Cycle (Burst Read (Single Read), RCD=1,

CAS Latency= 3, TPC=0)
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T Tel (Twh) (Mg

CKIO | { 5 | Z_\_]

tAD tAD
A25t0 A16 4_% ow addfess

tAD tAD tAD
A12 or A10 i

4_% ow addfes: Write A |
comman §
tAD tAD tAD
[t

A15 to A0 ow add‘esé( Column addr

tCSD1 tCSD1
CSn %ﬂ

tRWD tRWD tRWD

|
WH
1
=
]

by
>
@]
]
N
b
>
%]
]
N

3
|
g

\_}_
CAS A
tDQMD tDQMD
DQMxx W /\X *
twDD2 tWDH2
e
D31 to DO

CKE (High)
tDAKD1 tDAKD1

[
DACKn

Figure 23.39 Synchronous DRAM Write Bus Cycle (RCE 0, TPC=0, TRWL =0)
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CKIO

A25to A16

Al12 or A10

Al5to A0

DQMxx

D31 to DO

CKE

DACKn

Tr Trw ) Trw Tcl (Trwl) ) (Trwl) ) (Tpc) ) (Tpc) ,
tAD tAD
‘% Row [address ‘%
tAD tAD tAD tAD

> g g

Row| L7/ / write]a \

address comnijar Il,t\
tAD tAD tAD tAD

>

Row| | Column

address addreps,
tCSD1 tCSD1
tRWD tRWD tRWD
tRASD2 | tRASD2

tCASD2 | tCASD2
tDQMD | tbQMD

] -]
twDD2 tWDH2

4 g

|/
tBSD tBSD

(High)

tDAKD1 tDAKD1

X

N

Figure 23.40 Synchronous DRAM Write Bus Cycle (RC 2, TPC=1, TRWL = 1)
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Tr Tcl Tc2 ! Tc3 Tc4 (Trwl) ) (Tpc) , (Tpc) ,

e Z—\_/_\JF\JL_\_?F\_)
—
A25 to A16 } Row [address

2
o
2
o

WH

tAD tAD tAD tAD
>
A12 or A10 Row Write A
address | Wijte command command
tAD tAD tAD
\ / \ / \ /
Al5 to AO Row Column address (1-4)
address, 7 \ / \ 7 \
tCSD1 tCSD1

=
>‘T¢

D tRWD

a ol
RD/WR _%

tRASD2 | tRASD2

|
rgt
L

tCASD2 tCASD2

MD tDQMD

NSEE
ge)

DQMxx W

twDD2 | twDD2 tWDH2
D31 to DO I/ X X
AN
tBSD tBSD
BS
CKE (High)
tDAKD1 IDAKD1

hig Rid
DACKn

Figure 23.41 Synchronous DRAM Write Bus Cycle (Burst Mode (Single Write 4),
RCD =0, TPC=1, TRWL = 0)
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CKIO

A25 to A16

Al2 or A10

Al5to AO

RD/WR

By
[z

i
(

|

(@)
>
[

DQMxx

D31 to DO

CKE

DACKn

Td4

(T (Tpo)

C
C

AN

—
tAD tAD
“% Royv address “%
tAD tAD tAD tAD
p (>
ow [ V¥ . rite|A N
ddress A Write command commjan .\
tAD tAD tAD
\ / \ /
ow 9( Column address (1-4)X
ddr /7 \ / \
tCsSD1 tCSD1

Ji

NTt

3
S
S

tRASD2

k)
=
5}

NTt

tCASD2

NT&

S

tDQMD

5

twDD2

tWDH2

XX

o
o

{DAKD1

(High)

{DAKD1

X

N

Figure 23.42 Synchronous DRAM Write Bus Cycle (Burst Mode (Single Write 4),

RCD =

1, TPC=0, TRWL =0)
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Tnop Tcl Tc2/Tdl| Tc3/Td2 | Tc4/Td3 | Td4
CKIo J/_\JZ_\JZ_\J Z_\_71_\_
tap tap
|- L
A25 to A16 % Row address %
tap tap
(| -
Al12 or A10 L Read command Jl
tap tao
[ [
A15 to AO >< Column address ><
tespr tespa
- -
CSn ‘# }z
trwD trwo
4»‘ <>‘
RD/WR j
trasD2
-
RAS %
tcaspz tcaspz
[ -
CAS L ‘P
tbomp tbomp
- -
DQMxx ‘# %
trpsz | tRoHz trpsz | troH2
| |
D31 to DO >< >< >4 F
tBsp tesp
Rk -
ﬁ ﬂ‘

CKE (High)

| IDAKDL <! tDAKDL
DACKnN % %

Figure 23.43 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Same Row Address, CAS Latency = 1)
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Tnop Tcl Tc2 Tc3/Tdl ‘ Tc4/Td2 Td3 Td4
NN
tap tap
A25 to A16 ] Row address ‘A;C
tap tap
Al2 or A10 ‘JN Read command jé
tap tap
A15to AO Colu61n address X
tespr tespr
o :11_
trwp trwp
[ il
ROWR | _% lk_
tRASD2
w7
tcasp2 tcasp2
CAS
toQmp toqmp
DQMxx __31‘ jl_
tros2 troH2 trosz| tRoH2
== pa
D31 to DO { }( X X ‘_}>_
tgsp tgsp
BS jl_
CKE (High)

tbaKDL
DACKn §<

e DAKDL

Figure 23.44 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Same Row Address, CAS Latency = 2)
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Tp Tr Tcl Tc2/Td1l | Tc3/Td2 | Tc4/Td3 Td4

wo £ N\ A S\ WA

tap tao
- ot
A25to A16 Row address
tap tao tao tap
<] - < ]
7 / Row —
Al12 or A10 i add?:;ﬂ» Read command
tap tap tan
s | s
Row
A15 to A0 address X Column Qddress X
tospy tespa
g |
CSn
1'RWD tRWD tRWD
:1 [~ N
RD/WR | 31(
tRasD2 tRasD2
P s
RAS
tcaspz tcaspz
el
o L
thomp toomp toomp

DQMxx _j

tros2 tRoHz tros2 | tRoHz
J/<4><—>‘ ||
D31 to DO N }( X % *’7
tesp tesp
P |
BS

CKE (HIGH)

[ toako1 [«»{ toakp1
DACKn

Figure 23.45 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Different Row Address, TPC =0, RCD = 0, CAS Latency = 1)
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CKIO

A25to A16

Al12 or A10

A15to AO

RD/WR

|

|
2|
[Z

DQMxx

D31 to DO

= 1DAKD1L
DACKn

Tpw

Tc2/Td1

Tc3/Td2 | Tca/Td3

Td4

S\

I\

F N\

tap taD
e [
Row address
tap tap tap taD
e <] <] fen]
K Row Read command
address
tap tap tao
> x|
Row
(address X Column eddress X
fesp1 fespr
:q ]
trwo trwo trwo
| <>F ﬂ
trasD2 traspz | tRAsD2 trasD2
. ] [ ]
teasp2 tcasp2
e [
thomp thomp toomp

<>‘

trosz| tromz tros2 | troHz
‘4—-—4—»‘ ‘4—»4—»
LXK XX
A
tasp tesp

5

I

(HIGH)

|«»| IDAKDL

Figure 23.46 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Different Row Address, TPC =1, RCD = 0, CAS Latency = 1)
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CKIO 7

tap

Row address

SPF]
a5

A25 to A16
tap o
-
Al12 or A10 Write command
tap ltao
_4 [kt
A15 to AO X Column gddress X
tespa tesor
<]
CSn
trwp trwo
<>
RD/WR
trasD2 thasoz
<>‘ <>‘
RAS j \
tcasp2 teasos
mig |
CAS /
thomp toomp
- [
DQMxx
twop2 twop2
<>‘ <>‘
D3L0D0 ) X X X ‘
tasp tasp

8
=
)
ﬁT

CKE (HIGH)

<] foAKDL «»| [DAKD1

Figure 23.47 Synchronous DRAM Burst Write Bus Cycle
(RAS Down, Same Row Address)
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CKIO

A25to A16

Al12 or A10

Al5to A0

DQMxx

D31 to DO

CKE

«»| 'DAKDL
DACKn %

Tc2 Tc3 Tca

Row address

tao

]
IAD
] | [
Row
address

tao

Write command

tap

tap

Row

b« g
address

X Column address X

trwo trwo

trasD2 trasD2
. e
tcaspz teasp2
‘gk >
toomp toomp thomp
]
twop2 twop2
<>‘ 0‘
tasp tasp

(HIGH)

la| IDAKDL

Figure 23.48 Synchronous DRAM Burst Write Bus Cycle
(RAS Down, Different Row Address, TPC = 0, RCD = 0)
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Tp Tpw Tr Trw Tel Tc2 Tc3 Td4
wo £\ A\ N\
tao tao
| [
A251t0 A16 Row address
tap tap tap tao
e <] <] (PN
R -
A12 or A10 _J‘ /’add%&) Wite command L
tao tao tao tao
] | ] |
Row
A15 to AO >/ %address% A{ X Column Qddress X
tespr tespr
] ]
CSn
trwo trwp trwp trwo
:i‘ i - |
RD/WR I JZ‘
traspz  |lraspz  |traspz | traspz
] ] er] ew]
RAS
teaspz tcaspz
il ]
CAs
toomp toomo tooup
<>‘ [ bt
S E
T
twop2 twop2
«1/ o]
D31 to DO K X X X
tasp tasp
s ]
BS
CKE (HIGH)

«»| DAKDL |ea] (DAKDL
DACKn

726

Figure 23.49 Synchronous DRAM Burst Write Bus Cycle
(RAS Down, Different Row Address, TPC =1, RCD = 1)
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TRrw (Tpc) (Tpc)

CKIO y
CKE (High)
tesp1 tesp1 tesp1 tesp1
|- | |- -
e e
N /] — |
trASD2 trasD2 trasD2 trasD2
|- | |- -
RAS3x 1\ T\
N /]
tcaspz tcaspz
- o~
CASxx | _
trwp trwp

| -
RDWR 7 [\ 4

Figure 23.50 Synchronous DRAM Auto-Refresh Timing (TRAS =1, TPC = 1)
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Tp Tpc TRal | (TRs2) (TRs2)
| | | ||
CKIO a i
1\ 7 )
teckep tekep
CKE :]K » ;‘ \
tespr [tespr [tespr |tespa «
| »
- RO o N X S
t rasp2| trasD2| tRASD2| LRASD?2
| »
i - i N <
teaspoft casp2
b))
CASxx (( \
trwo [trwD trwD
| b))
RDWR lk gg
«
Figure 23.51 Synchronous DRAM Self-Refresh Cycle (TPE0)
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CKIO

Al3 or A1l

Al12 or A10

Allto A2
or A9 to A2

CASxx

D31 to DO

DACKn

TRpl  TRp2  TRp3 ~ TRp4  TMwl

TMw2 ) TMw3

TMw4 ,

BV avavay

tAD

St s
7<

Stz bt s

&%*@%{i%?
%‘%%‘%%‘%é

tCSD1

tCSD1

tRWD

T

¥

tRWD

tRASD2 [tRASD2 tRASD2

¥

tCASD2

tRASD2

tCASD2

—

\?||(j

(High)

IDAKD1

<_b*tDAKDl

X

Figure 23.52 Synchronous DRAM Mode Register Write Cycle
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23.3.8 PCMCIA Timing

Tpcml Tpcmz
CKIO 7Z X‘ 7Z X: 7Z
tap tap
~—% p—
A25 to AO >k:
fcspa tesp1
-«
o= X ‘e
trwD trwb
RD/WR ;<
PCCRD/WR
trsp trsD
-«
RD /
(read) % tRDOH1
trDS1
>
D15 to DO
(read)
twep twep
WE1
(write) twDH4
twop1 twoH1
D15 to DO
(write) \
tesp tgsp
BS
toakD1 tbakDL

Figure 23.53 PCMCIA Memory Bus Cycle (TED = 0, TEH = 0, No Wait)
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TpcmO ‘ TpcmOw Tpcml Tpcmlw Tpcmlw Tpcmz ‘ Tpcme
cKio JM_\JZ AN\ S SR_zk_\_ir
tap tap
-
A25 to A0
tcspl j&%m
CExx ‘_;1< >k:
trRwD trwD
. (|
RD/WR §< >‘<
PCCRD/WR
o trsp) trsp
RD |
(read) tromL
trps1| 7
[
D15 to DO
(read)
twep twep
WE1
(write) twpH4
twop1 +———— twDH1
D15 to DO
(write)
tgsp tsp
(|
BS \_
tpakD1 tpakD1L
-+
DACKn >‘<
twrs tWTH twrs| twrh
L

WAIT # }7‘ X

Figure 23.54 PCMCIA Memory Bus Cycle
(TED = 2, TEH =1, One Wait, External Wait, WAITSEL = 0)
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Tpcml Tpcmz Tpcml Tpcmz Tpcml Tpcm2 | Tpcml ‘Tpcmz

|
oo XX
S/ N/ N/ NI/ N
tAD taD
s o 0
taD tAD tAD tAD
A3 to AO *;{ *gﬁ >< *;C
" tesor tcsp1
CExx
" trwo tRwD
e >
RD/WR \
PCCRD/WR __|
trsp  [trsD  [trRsD trsD
[
RD
(read)
trDHL tRDH1
trDS1 trDs1
[ [
D15 to DO P_
(read) ?\_A
tesp tssp  |lBsD tesp
8s m /S /]

tbakD1 tbakD1
DACKn *jﬁ

Note: Even though burst mode is set, write cycle operation is the same as in normal mode.
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Figure 23.55 PCMCIA Memory Bus Cycle
(Burst Read, TED =0, TEH = 0, No Wait)
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TpcmO Tpcml Tpcmlw‘Tpcmlw Tpcmlw Tpcmz Tpcml Tpcmlw Tpcm2 ‘TpcmZW

CKIO

_7[—\_/ \_/ N
tAD taD
A25to A4 j< «;{
tap tAD tap
A3 to A0 ‘;{
tespr tesp1
CExx j<
tRwD trwD
e h
RD/WR f N
PCCRD/WR _|
trsD trsp | trsD trsD
[
RD \
(read) L tRoH1 |l [RDH1
trDS1 trDS1
D15 to DO ) F
(read)
tssp | tBsp tasp | tesD
Bs H
tbakD1 tbakD1
DACKn gﬁ g{:
IWTS twrH
|
twrs |twTH tW’E> E_V!‘TH
WAIT \
WAIT . 7 X

Note: Even though burst mode is set, the write cycle operation is the same as in normal mode.

(Burst Read, TED =1, TEH =1, Two Waits, Burst Pitch = 3, WAITSEL = 0)

Figure 23.56 PCMCIA Memory Bus Cycle
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Tpeit Thciz
cwo N X \
tAD tap
A25 to A0 % jﬁ
tcspl tespr
CExx §< ;ﬁ
trRwb trRwb
RD/WR % %
PCCRD/WR
ticrsp ticrsb
<«
ICIORD
(read) ;
RDH1
trDS1
D15 to DO
(read)
ficwsp ticwsp
ICIOWR
(write) ¢
WDH4
twop1 twoH1
D15 to DO
(write) <
tesp tgsp
BS
tpakD1 tbakD1
DACKn

Figure 23.57 PCMCIA 1/O Bus Cycle (TED = 0, TEH = 0, No Wait)
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TpciO TpciOw ‘ Tpcil ‘ Tpcilw Tpcilw Tpci2 ‘ TpciZw
cKio f\Jr\Jndr\J‘ f B\_AZ_\_/_
taD tAD
(-
A25 to AO :% >k:
tcsp tcsp
(-
CExx :;1<
trwD trRwD
-
RD/WR ;< *
PCCRD/WR
ticrsp ticrsp
ICIORD |
(read)
tRDH1
|—
trps1
D15 to DO
(read)
ficwsp ticwsp
. -+
ICIOWR
(write) twpH4
twpb1 twpH1
D15 to DO
(write) ~ |
tgsp
BS
tpakDL tbakD1
| |
DACKn * %
twrs|twrh
twrs [twTH
WAIT 7l 3(
tio16s |tio16H
[
10IS16

Figure 23.58 PCMCIA 1/O Bus Cycle
(TED = 2, TEH = 1, One Wait, External Wait, WAITSEL = 0)
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TpciO Tpcil Tpcilw Tpci2 Tpcil Tpcilw Tpci2 ‘ TpciZw
/N /N N N [_\_]Z_X /T
CKIO _7[_\_/ | N I N N
tAD taD
A25to A4 j< ‘_;{
tAD tAD taD
o K B
tcspa tesoa tcspa
CExx ‘_;{
tRwp tRwp
o7 3
PCCRD/WR |
ficrsD fticrsp | ficrsD ficrsD
ICIORD _
read
(read) tRDHL tRDHL
|
trps1 trpS1
D15 to DO
(read)
ticwsp ticwsp ticwsp ticwsp
ICIOWR |
(write)
twphs twpHa
- |
twob1 twop2 twpH1
——p
D15 to DO
(write)
tgsp tesp tgsp tesp
[ |
BS \ %Z
tbakD1 tbakDL
DACKn
Ts|twTH twrs twrh
| hmanial
WAIT 7( }k % y!(
tioies |tioieH
|y

101516 X

Figure 23.59 PCMCIA 1/0 Bus Cycle
(TED =1, TEH = 1, One Wait, Bus Sizing, WAITSEL = 0)
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23.3.9  Peripheral Module Signal Timing

Table 23.8 Peripheral Module Signal Timing
(VccQ=3.3+£0.3V,Vcc=1.8+0.2V,AVcc=3.3£0.3V, Ta=-20to 75°C)

—66
Module Item Symbol anit Figure
TMU, Timer input setup time treiks 15 — ns 23.60
RTC Timer clock input setup time trexs 15 — 23.61
Timer clock Edge specification Trekwn 15 — tcyc
pulse width Both edge specification | S~ 25 —
Oscillation settling time trosc — 3 s 23.61
SCI Input clock Asynchronization tseve 4 — tcyc  23.62,
cycle Clock synchronization 6 — 23.63
Input clock rise time tsckr — 15 23.62
Input clock fall time | P — 15
Input clock pulse width toerw 04 0.6 tscyc
Transmission data delay time tro — 100 ns 23.63
Receive data setup time trxs 100 —
(clock synchronization)
Receive data hold time trxn 100 —
(clock synchronization)
RTS delay time trreo — 100
CTS setup time teres 100 —
(clock synchronization)
CTS hold time toren 100 —
(clock synchronization)
Port Output data delay time thorTo — 17 ns 23.64
Input data setup time thorTst 15 —
Input data hold time thorTHL 8 —
Input data setup time thorTsz 17 —
Input data hold time tporTH2 10 —
DMAC DREQ setup time toreo 8 — ns 23.65
DREQ hold time toreon 8 —
DRAK delay time torakop — 14 23.66

737
HITACHI



ko /TN N

treiks
TCLK
(input)
Figure 23.60 TCLK Input Timing
treks
o SN H‘ﬂ —

treks

TCLK 4 —
(input) g
B trekwi L trekwH N
[ |

Figure 23.61 TCLK Clock Input Timing

Stable
oscillation

=2 /AN AN
Vee J‘L Vocmin trosc ()()

<
|

—>

\J

Figure 23.62 Oscillation Settling Time at RTC Crystal Oscillator Power-on

tsckw tsckr tsckr
.

SCK

tSc:yc

Figure 23.63 SCK Input Clock Timing
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I:S(:yc

s/ ‘N

trxp

(data tr;r):?- % >< >< ><

missiion) trxs | | tRxH

o Xt | I X X

reception)

trTsD

ars X X X X

terss| |teTsH

[—  (—

cts X XL X X

Figure 23.64 SCI I/O Timing in Clock Synchronous Mode

CKIO

tporTs1| |tPORTHL

PORT 7to 0
(read)
(B:P clock ratio = 1:1)

[porTs2| lPORTH2

PORT 7t0 0
(read)

(B:P clock ratio = other than 1:1)

tpoRTD
|

PORT 7to 0
(write)

Figure 23.65 1/O Port Timing

CKIO /

tbros | | IbrROH

DREQn

Figure 23.66 DREQ Input Timing
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CKIO

DRAKO/1

Figure 23.67 DRAK Output Timing

23.3.10 H-UDI-Related Pin Timing

Table 23.9 H-UDI-Related Pin Timing
(VccQ =3.32 0.3V, V= 1.9/1.8+ 0.15, AVCC = 3.3+ 0.3V, Ta =—-20 to 75C)

Iltem Symbol Min Max Unit Figure

TCK cycle time trckeye 50 — ns Figure 23.68
TCK high pulse width trexn 12 — ns

TCK low pulse width trew 12 — ns

TCK riseffall time trexs — 4 ns

TRST setup time tirsts 12 — ns Figure 23.69
TRST hold time trrsTH 50 — toye

TDI setup time tios 10 — ns Figure 23.70
TDI hold time trom 10 — ns

TMS setup time trmss 10 — ns

TMS hold time | S 10 — ns

TDO delay time troop — 16 ns

ASEMDO setup time tasenon 12 — ns Figure 23.71
ASEMDO hold time tasenos 12 — ns

L trekeye ol

trekH

Note: When clock is input from TCK pin

Figure 23.68 TCK Input Timing
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RESETP

trrsTs tTRSTH
TRST
Figure 23.69 TRST Input Timing (Reset Hold)
TCK _L |
P trekeye Y ;‘
<tis | trom !
TDI
trmss | trmsH
>
TMS
’ trpop R
TDO

Figure 23.70 H-UDI Data Transfer Timing

tASEMDOH

RESETP 71
tasEMDOS
P

ASEMDO

Figure 23.71 ASEMDO Input Timing
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23.3.11 A/D Converter Timing

Table 23.10 A/D Converter Timing
(VccQ=3.3+0.3V,Vcc=1.9/1.8+0.15V, AVcc=3.3+0.3V,
Ta =-20to 75°C)

Item Symbol  Min Typ Max Unit  Figure
External trigger input pulse width trrow 2 — — tcyc 23.72
External trigger input start delay time trres 50 — — ns
Input sampling time (CKS =0) tg — 65 — tcyc 23.73
(CKs =1) — 32 —
A/D conversion start delay time (CKS =0) t, 10 — 17 tcyc
(CKs =1) 6 — 9
A/D conversion time (CKS =0) teon 259 — 266 tcyc
(CKs =1) 131 — 134

tcyc: Po cycle

1 state
« /N / Y W S
. trrew g
ADTRG input XK ;ll
trrGs
ADCR 7*

Figure 23.72 External Trigger Input Timing
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tspL

tcony
Notes:

*1
Po |
Address
Write _—|_,7
signal
Input sampling
timing _4|—‘ 33

ADF

I

4

A/D conversion start delay
Input sampling time

A/D conversion time

1. ADCSR write cycle

2. ADCSR address

X

Figure 23.73 A/D Conversion Timing
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23.3.12 AC Characteristics Measurement Conditions

» 1/O signal reference level: 1.5V (VccQ=3.3+0.3V,Vcc=1.8+£0.2V)

+ Input pulse level: Vss to 3.0 V (wheRESETP, RESETM, NMI, IRQ5-IRQ0, CKIO, and
MD5-MDO are within Vss to Vcc)

* Input rise and fall times: 1 ns

loL

LSI output pin DUT output

CL VRer

lon

Notes: 1. C is the total value that includes the capacitance of measurement
instruments, etc., and is set as follows for each pin.
30pF: CKIO, RAS, CASxx, CS0, CS2-CS6, CE2A, CE2B, BACK
50pF: All other pins
2. loL and lon are the values shown in table 23.3.

Figure 23.74 Output Load Circuit
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23.3.13 Delay Time Variation Due to Load Capacitance

A graph (reference data) of the variation in delay time when a load capacitance greater than
stipulated (30 pF) is connected to the SH7709A's pins is shown below. The graph shown in
23.75 should be taken into consideration in the design process if the stipulated capacitance i

exceeded in connecting an external device.

If the connected load capacitance exceeds the range shown in figure 23.75, the graph will nc

straight line.

+3 //
7
c
o +2 ped
E /
|_
k) /
8 +1 /

+0

+0 +10 +20 +30 +40 +50

Load Capacitance [pF]

Figure 23.75 Load Capacitance vs. Delay Time
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23.4  A/D Converter Characteristics
Table 23.11 lists the A/D converter characteristics.

Table 23.11 A/D Converter Characteristics
(VccQ=3.3+0.3V,Vcc=1.8+0.2V,AVcc=3.3+0.3V, Ta=-20to 75°C)

Iltem Min Typ Max Unit
Resolution 10 10 10 bits
Conversion time 8.86 — — ps
Analog input capacitance — — 20 pF
Permissible signal-source (single- — — 5 kQ
source) impedance

Nonlinearity error — — +3.0 LSB
Offset error — — +2.0 LSB
Full-scale error — — +2.0 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — 4.0 LSB

23.5 D/A Converter Characteristics
Table 23.12 lists the D/A converter characteristics.

Table 23.12 D/A Converter Characteristics
(VccQ=3.3+0.3V,Vcc=1.8+0.2V,AVcc=3.3+0.3V, Ta=-201to 75°C)

Item Min Typ Max Unit Test Conditions

Resolution 8 8 8 bits

Conversion time — — 10.0 Hs 20-pF capacitive
load

Absolute accuracy — +2.5 +4.0 LSB 2-MQ resistance
load
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Appendix A Pin Functions

A.l Pin States
Table A.1 shows pin states during resets, power-down states, and the bus-released states.

Table A.1 Pin States during Resets, Power-Down States, and Bus-Released State

Reset Power-Down
Power-On Manual Bus
Category Pin Reset Reset Standby Sleep Released
Clock EXTAL | | | | |
XTAL o' o' o' o' o'
CKIO O** [ok 10** [ok 10**
EXTALZ2 | | | | |
XTAL2 (0] (0] (0] (0] (0]
CAP1, CAP2 — — — — —
System control RESETP I [ I [ I
RESETM | [ [ [ [
BREQ | [ I [
BACK o] o] o 0 L
MD[5:0] | [ I [ I
CA | | | | |
STATUS[1:0)/PTJ[7:6] O oP*? OP*? OoP*? OP*?
Interrupt IRQ[3:0]/IRL[3:0]/ Wik | I | I
PTHI[3:0]
IRQ4/ PTH[4] V8 | | | |
NMI | | | | |
IRLS[3:0]/PTF[3:0)/ \% | 1z | I
PINT[11:8]
MCS[7:0]/PTC[7:0)/ \Y opP*? ZH¥ K*  Op*® ZP*
PINT[7:0]
TCK/PTF[4]/PINT[12] IV | 1z | I
TDI/PTF[5])/PINT[13] v | 1Z | |
TMS/PTF[6]/PINT[14] IV [ 1z [ I
TRST/PTF[7)/PINT[15] IV | 1z | I
IRQOUT ¢} o 0 o 0
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Table A.1 Pin States during Resets, Power-Down States, and Bus-Released State (cont)

Reset Power-Down
Power-On Manual Bus
Category Pin Reset Reset Standby Sleep Released
Address bus A[25:0] (o] ZL* (e} Z
Data bus D[15:0] z | z 10 z
D[23:16)/PTA[7:0] z =8 ZK* Iop*® zZp*
D[31:24]/PTB[7:0] z P+ ZK* IoP* Zp*
Bus control CS0/MCSJ[0] H 0 ZH* 0 z
CS[2:4])/PTK[0:2] H op*? ZHHIK*  Op*® P
CS5/CET1A/PTK[3] H op*? ZHHK* Op*? P
CS6/CE1B H 0 ZH* 0 z
BS/PTK[4] H op*? ZH¥K* OP*® zZp*
RAS3L/PTJ[0] H op*? ZOK** op*? ZOP*
RAS2L/PTJ[1] H op*? ZOK** op*? ZOP*
RAS3U/PTE[2] \Y OoP*® ZOK* oP*® Zop*
RAS2U/PTE[1] \Y op*? ZOK** op*? ZOP**
CAS2L/PTE[6] \% op*? ZOK** op*? ZOP*
CAS2H/PTE[3] \Y OoP*® ZOK* oP*® Zop*
CASLL/CASL/PTJ[2] H op*? ZOK** op*? ZOP*
CASLH/CASU/PTJ[3] H op*? ZOK** op*? ZOP*
CASHL/ PTJ[4] H OoP** ZOK* oP*® Zop*
CASHH/ PTJ[5] H op*? ZOK** op*? ZOP*
WEO/DQMLL H 0 ZH* 0 z
WE1/DQMLU/WE H 0 ZH*! 0 z
WE2/DQMUL/ICIORD/ H op*? ZHHK* Op*? P
PTK[6]
WE3/DQMUU/ICIOWR/ H op*? ZH*K*® OpP*? ZP*
PTK[7]
RD/WR H o] ZH* o] z
RD H 0 ZH* 0 z
CKE/PTK[5] H op*? OK*? op*? op*?
WAIT z I z I z
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Table A.1 Pin States during Resets, Power-Down States, and Bus-Released State (cont)

Reset Power-Down
Power-On Manual Bus
Category Pin Reset Reset Standby Sleep Released
DMAC DREQO/PTD[4] \Y ZI¥ VA | |
DACKO/PTD[5] \ oP*? ZK*? OopP*? OP*?
DRAKO/PTDI[1] \ op*® ZH*K*®  Op*® op*®
DREQ1/PTDI6] v zI¥ z [ [
DACK1/PTD[7] \ oP*? ZK*? OoP*? OP*?
DRAK1/PTDI0] \ op*® ZH*K*®  Op*® op*®
Timer TCLK/PTHI7] \Y ZP |OP*® IOP*® |OP*®
SCI/ Smart card RxDO/SCPT[0] VA ZI¥ VA 1Z* 1Z*
without FIFO  1,po/scPT(0] z ydo ZK* 0z 0z*
SCKO/SCPT[1] \ ZP* ZK*? IOP*® IOP*®
SCIF/IrDA RxD1/SCPT[2] VA ZI¥ VA |Z* 17
with FIFO TxD1/SCPT[2] z Z0* ZK* 0z* 0z*
SCK1/SCPTI[3] \ ZP*® ZK*® IOP*® IOP*®
SCIF with FIFO RxD2/SCPT[4] VA ZI¥ VA |Z* 17
TxD2/SCPT[4] VA Z0¥ ZK*? 0oz*® 0z*
SCK2/SCPTI[5] \ ZP*® ZK*® IOP*® IOP*®
RTS2/SCPTI[6] \Y opP*? ZK*? opP*? opP*3
CTS2/IRQ5/SCPTI[7] V8 ZI¥ | | |
Port AUDSYNC/PTE[7] ov opP*? OK*? opP*? oP*?
CE2B/PTE[5] \Y opP*? ZH*K*® OpP*? ZP*
CE2A/PTE[4] \ opP*? ZH*K*® OP*? ZP*?
TDO/PTE[0] ov op*® OK*® op*® op*®
[OIS16/PTG[7] v [ z [ [
PTG[5] Y, [ Z [ [
AUDCK/PTH[6] \Y; | Z [ [
ADTRG/PTHI[5] V8 [ 1Z [ [
WAKEUP/PTD[3] \ OoP*? OK*? oP*? ZP*?
RESETOUT/PTD[2] o op*? ZK*? opP*? oP*?
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Table A.1

Pin States during Resets, Power-Down States, and Bus-Released State (cont)

Reset Power-Down
Power-On Manual Bus
Category Pin Reset Reset Standby Sleep Released
Port AUDATA[3:0)/PTG[3:0] IV port | IZ port | I
PTG[4] Y, | z | I
ASEBRKAK/PTG[5] OV port Ol port OZ port Ol port Ol port
ASEMDO/PTG[6] | (ASEMD) | Z | I
Analog AN[5:0])/PTL[5:0] z ZI¥ z | I
AN[6:7]/DA[1:0]/ z ZI¥ I 10*° 10*°
PTL[6:7]
I: Input
O: Output
H: High-level output
L: Low-level output
Z: High impedance
P: Input or output depending on register setting
K: Input pin is high impedance, output pin holds the state
V: 1/O buffer off, pullup MOS on
Notes: 1. Depending on the clock mode (MD2—-MDO setting)
2. Z when the port function is used.
3. Kor P when the port function is used.
4. K or P when the port function is used. Z or O when the port function is not used
depending on register setting.
5. K or P when the port function is used. | or O when the port function is not used
depending on register setting.
6. Depending on register setting
7. 1 or O when the port function is used.
8. Input Schmidt buffers and pullup MOS of IRQ[5:0] and ADTRG are on; other inputs are
off.
9. I when the port function is used. | or O when the port function is not used, depending on
register setting.
10. In the standby mode, Z or L depending on register setting.
11.In the standby mode, Z or H depending on register setting.
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A.2 Pin Specifications
Table A.2 shows the pin specifications.

Table A.2 Pin Specifications

Pin Pin No. /0 Function
MD5 197 I Operating mode pin (endian mode)
MD4, MD3 196, 195 I Operating mode pin (area 0 bus width)
MD2 to MDO 2,1,144 I Operating mode pin (clock mode)
RAS3L/PTJ[0] 106 Ife} RAS for area 3 lower 32 MB / I/O port
RAS2L/PTJ[1] 107 110 RAS for area 2 lower 32 MB / I/O port
CE2A/PTE[4] 103 I/O PCMCIA CE2A / 1/O port
CE2B/PTE[5] 104 110 PCMCIA CE2B / I/O port
RXDO/SCPT[0] 171 I Serial port 0 data input / input port
RXD1/SCPT[2] 172 I Serial port 1 data input / input port
RXD2/SCPT[4] 174 I Serial port 2 data input / input port
TXDO/SCPTIO0] 164 (0] Serial port 0 data output / output port
TXD1/SCPT[2] 166 (0] Serial port 1 data output / output port
TXD2/SCPT[4] 168 (0] Serial port 2 data output / output port
SCKO/SCPTI[1] 165 I/0 Serial port 0 clock input/output / I/O port
SCK1/SCPT[3] 167 I/0 Serial port 1 clock input/output / /O port
SCK2/SCPTI[5] 169 I/O Serial port 2 clock input/output / I/O port
RTS2/SCPT[6] 170 I/0 Serial port 2 transfer request / I/O port
STATUS1/PTJ[7] 158 I/O Processor state / 1/0 port
STATUSO/PTJ[6] 157 I/O Processor state / 1/0 port
A25to AO 86, 84,82,80, O Address bus

7810 72, 70,

68 to 60, 58,

56 to 53
D31 to D24/ 13 to 18, 20, 22 1/O Data bus / 1/0O port
PTB[7] to PTBI[0]
D23 to D16/ 23 to 26, 28, 110 Data bus / /O port
PTA[7] to PTA[0] 30 to 32
D15 to DO 34, 36 to 44, I/0 Data bus

46, 48 to 52
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Table A.2 Pin Specifications (cont)

Pin Pin No. I/0 Function

MCS[7:0)/PTC[7:0)/ 177 to 180,185 1/O Mask ROM chip select 7-0 / I/O port / port interrupt

PINT[7:0] to 188 request

WAKEUP/PTD[3] 182 I/0 Wakeup / /O port

RESETOUT/ 184 1’0 Reset output / I/O port

PTD[2]

DRAKO/PTD[1] 189 1/0 DMA control pin / /0 port

DRAK1/PTDI[0] 190 I/10 DMA control pin / 1/O port

DREQO/PTD[4] 191 I DMA transfer request 0 / input port

DREQ1/PTD[6] 192 I DMA transfer request 1 / input port

AN[5:0)/PTL[5:0] 204 to 199 I Analog input pin / input port

AN[7:6]/DA[1:0]/ 207, 206 I/O Analog I/O pin / input port

PTL[7:6]

CS6/CE1B 102 0 Chip select 6 / PCMCIA CE1B

CS5/CE1A/ 101 1’0 Chip select 5/ PCMCIA CE2B / I/O port

PTK[3]

CS4/PTK[2] 100 1’0 Chip select 4 / I/O port

CS3/PTK[1] 99 I/0 Chip select 3/ I/O port

CS2/PTK[0] 98 1’0 Chip select 2 / I/O port

CS0/MCS0 96 0 Chip select 0 / Mask ROM chip select 0

BS/PTK[4] 87 11O Bus cycle start / I/O port

CASHH/PTJ[5] 113 110 D31-D24 selection CAS / I/O port

CASHL/PTJ[4] 112 1’0 D23-D16 selection CAS / I/O port

CASLH/CASU/ 110 110 D15-D8 selection CAS / I/O port

PTJ[3]

CASLL/ 108 I} D7-DO selection CAS / CAS(SDRAM) / 1/O port

CASL/PTJ[2]

DACKO/PTDI[5] 114 I/0 DMA transfer strobe 0/ /O port

DACK1/PTD[7] 115 I/O DMA transfer strobe 1 / 1/0O port

RD 88 0 Read strobe pin

WEO/ DQMLL 89 (0] D7-DO0 select signal/ DQM(SDRAM)

WE1/DQMLU/WE 90 o] D15-D8 select signal / DQM(SDRAM)/ PCMCIA
WE signal

WE2/DQMUL/ 91 1’0 D23-D16 select signal / DQM(SDRAM) / PCMCIA

ICIORD/PTK[6] IORD signal / 1/O port
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Table A.2 Pin Specifications (cont)

Pin Pin No. /0 Function

WE3/DQMUU/ 92 lfe} D31-D24 select signal /DQM(SDRAM) / PCMCIA
ICIOWR/PTK]7] IOWR signal / I/O port

RD/WR 93 0 Read/write select signal

AUDSYNC/ 94 I/O AUD synchronous /O port

PTE[7]

CAS2L/PTE[6] 116 Ie] CAS for D7-DO0 (area 2 DRAM) / I/O port
CAS2H/PTE[3] 117 le} CAS for D15-D8 (area 2 DRAM) / 1/O port
RAS3U/PTE[2] 118 I/0 RAS for area 3 upper 32 MB/ I/O port
RAS2U/PTE[1] 119 Ie] RAS for area 2 upper 32 MB / I/O port
TDO/PTE[0] 120 I/0 Test data output 1/O port

RESETM 124 I Manual reset input

PTH[5/ADTRG 125 I Input port / ADC trigger request
I0IS16/PTG[7] 126 I 1/O for PC card / input port

ASMDO/PTG[6] 127 I ASE mode / input port

ASEBRKAK/ 128 I ASE break accept / input port

PTGI5]

PTG[4] 129 I Input port

AUDATA[3]/ 130 I AUD data / input port

PTG[3]

AUDATA[2]/ 131 AUD data / input port

PTG[2]

AUDATA[1])/ 133 AUD data / input port

PTG[1]

AUDATA[Q])/ 135 AUD data / input port

PTGIO]

TRST/PTF[7]/ 136 Test reset / input port / port interrupt request
PINT[15]

TRST/PTF[6]/ 137 Test mode switch / input port / port interrupt
PINT[14] request

TRST/PTF[5)/ 138 Test data input / input port / port interrupt request
PINT[13]

TRST/PTF[4]/ 139 Test clock / input port / port interrupt request
PINT[12]

IRLS[3:0)/ 140 to 143 External interrupt request / input port / port interrupt
PTF[3:0)/ request

PINT[11:8]
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Table A.2 Pin Specifications (cont)

Pin Pin No. I/0 Function
AUDCK/PTH[6] 151 I AUD clock / input port
WAIT 123 I Hardware wait request
BREQ 122 I Bus request
BACK 121 (0] Bus acknowledge
IRQOUT 160 (0] Interrupt / refresh request output
RESETP 193 I Power-on reset input
NMI 7 I Nonmaskable interrupt request
IRQ[3:0)/IRL[3:0]/ 11to 8 I External interrupt request / external interrupt
PTH[3:0] source / input port
IRQ4/ PTH[4] 12 I External interrupt request / input port
CTS2/IRQ5/ 176 I Serial port 2 transfer enable / external interrupt
SCPT[7] request / input port
TCLK/PTH[7] 159 I/0 Clock I/0 (for TMU/RTC) / I/O port
EXTAL 156 I External clock / crystal oscillator pin
XTAL 155 (0] Crystal oscillator pin
CAP1 146 — External capacitance pin (for PLL1)
CAP2 149 — External capacitance pin (for PLL2)
CKIO 162 1/0 System clock I/O
XTAL2 4 (0] Crystal oscillator pin (for on-chip RTC)
EXTAL2 5 I Crystal oscillator pin (for on-chip RTC)
CKE/PTK[5] 105 1/0 CK enable for SDRAM / 1/O port
CA 194 I Setting hardware standby
VecQ 21, 35, 47,59, Power Power supply (3.3 V), I/O buffer
71, 85,97, 111, supply
163, 183
V.. —RTC 3 Power  RTC oscillator power supply (1.8 V)
supply
V. — PLL 145, 150 Power  PLL power supply (1.8 V)
supply
AV 205 Power  Analog power supply (3.3 V)
supply
VesQ 19, 33, 45,57, Power Power supply (0 V), I/O buffer
69, 83, 95, 109, supply
161, 181
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Table A.2

Pin Specifications (cont)

Pin Pin No. /0 Function
Vg 27,79, 132, Power Internal power supply (0 V)
152, 153,173  supply
VCC 29, 81, 134, Power Internal power supply (1.8 V)
154,175 supply
V¢s — RTC 6 Power  RTC-oscillator power supply (0 V)
supply
Vg — PLL 147, 148 Power  PLL power supply (0 V)
supply
AV 198, 208 Power  Analog power supply (0 V)
supply

Note: Power must be supplied constantly to all power-supply pins.

A.3 Processing of Unused Pins

* When RTC is not used

0 EXTAL2:
0 XTAL2:

0 Vec— RTC:
0 Ve— RTC:

¢ When PLL1 is not used
Leave unconnected

0 CAPL:
0 Vee— PLLL:
0 Vee— PLL1:

¢ When PLL2 is not used
Leave unconnected

0 CAP2:
0 Vee— PLL2:
0 Vee— PLL2:

Pull up to V¢ (1.9/1.8 V)
Leave unconnected
Power supply (1.9/1.8 V)
Power supply (0 V)

Power supply (1.9/1.8 V)
Power supply (0 V)

Power supply (1.9/1.8 V)
Power supply (0 V)

* When on-chip crystal oscillator is not used

U XTAL:

Leave unconnected

« When EXTAL terminal is not used

U EXTAL:

« When A/D converter is not used

O AN[7:0]:
O AV
0O AVgg

Leave unconnected

Pull up to V. Q (3.3V)

Power supply (3.3 V)

Power supply (0 V)
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A.4 Pin States in Access to Each Address Space

Table A.3 Pin States (Normal Memory/Little Endian)

8-Bit Bus Width

16-Bit Bus Width

Byte/Word/Long- Byte Access Byte Access Word/Longword

Pin word Access (Address 2n) (Address 2n + 1)  Access
CS6 to CS2, CS0 Enabled Enabled Enabled Enabled
RD R Low Low Low Low

W  High High High High
RD/WR R  High High High High

W  Low Low Low Low
BS Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High
RAS3L/PTJ[0] High High High High
CASLL/CASU/PTJ[2] High High High High
CASLH/CASL/PTJ[3] High High High High
CASHL/PTJ[4] High High High High
CASHH/PTJ[5] High High High High
CAS2L/PTE[6] High High High High
CAS2H/PTE[3] High High High High
WEO/DQMLL R  High High High High

W  Low Low High Low
WE1/WE/DQMLU R  High High High High

W  High High Low Low
WE2/ICIORD/DQMUL/ R High High High High
PTK[6] W High High High High
WES3/ICIOWR/DQMUU/ R High High High High
PTK[7] W High High High High
CE2A/PTE[4] High High High High
CE2B/PTE[5] High High High High
RAS2U/PTE[1] High High High High
RAS2L/PTJ[1] High High High High
CKE Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™! Enabled™! Enabled™!
10IS16 Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address
D7 to DO Valid data Valid data Invalid data Valid data
D15 to D8 High-Z"2 Invalid data Valid data Valid data
D31 to D16 High-Z"2 High-Z*2 High-Z*2 High-Z*2
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Table A.3  Pin States (Normal Memory/Little Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
CS6 to CS2, CS0 Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R Low Low Low Low Low Low Low
W  High High High High High High High
RD/WR R  High High High High High High High
W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High High High High
RAS3L/PTJ[0] High High High High High High High
CASLL/CASUIPTI[2] High High High High High High High
CASLH/CASL/PTJ[3] High High High High High High High
CASHL/PTJ[4] High High High High High High High
CASHH/PTJ[5] High High High High High High High
CAS2L/PTE[6] High High High High High High High
CAS2H/PTE[3] High High High High High High High
WEO/DQMLL R  High High High High High High High
W  Low High High High Low High Low
WET1/WE/DQMLU R  High High High High High High High
W  High Low High High Low High Low
WE2/ICIORD/DQMUL/ R High High High High High High High
PTK[6] W  High High Low High High Low Low
WEBS/ICIOWR/DQMUU/ R High High High High High High High
PTK[7] W  High High High Low High Low Low
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
RAS2U/PTE[1] High High High High High High High
RAS2L/PTJ[1] High High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled? Enabled™ Enabled Enabled Enabled™ Enabled Enabled™
101S16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address Address Address Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
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Table A.3  Pin States (Normal Memory/Little Endian) (cont)
32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid

data data data data data data data
D23 to D16 Invalid Invalid Valid Invalid Invalid Valid Valid

data data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid Valid

data data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or down.
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Table A.4 Pin States (Normal Memory/Big Endian)

8-Bit Bus Width 16-Bit Bus Width
Byte/Word/Long- Byte Access Byte Access Word/Longword

Pin word Access (Address 2n) (Address 2n + 1)  Access
CS6 to CS2, CS0 Enabled Enabled Enabled Enabled
RD R Low Low Low Low

W  High High High High
RD/WR R  High High High High

W  Low Low Low Low
BS Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High
RAS3L/PTI[0] High High High High
CASLL/CASU/IPTJ[2] High High High High
CASLH/CASL/PTI[3] High High High High
CASHL/PTJ[4] High High High High
CASHH/PTJ[5] High High High High
CAS2L/PTE[6] High High High High
CAS2H/PTE[3] High High High High
WEO/DQMLL R High High High High

W  Low High Low Low
WET1/WE/DQMLU R  High High High High

W  High Low High Low
WE2/ICIORD/DQMUL/ R High High High High
PTK[6] W High High High High
WES/ICIOWR/DQMUU/ R High High High High
PTK[7] W High High High High
CE2A/PTE[4] High High High High
CE2B/PTE[5] High High High High
RAS2U/PTE[1] High High High High
RAS2L/PTJ[1] High High High High
CKE Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled™ Enabled™
10IS16 Disabled Disabled Disabled Disabled
A25 to A0 Address Address Address Address
D7 to DO Valid data Invalid data Valid data Valid data
D15 to D8 High-2"2 Valid data Invalid data Valid data
D31 to D16 High-Z*2 High-z"2 High-z"2 High-z"2
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Table A.4 Pin States (Normal Memory/Big Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
CS6 to CS2, CS0 Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R Low Low Low Low Low Low Low
W  High High High High High High High
RD/WR R  High High High High High High High
W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High High High High
RAS3L/PTJ[0] High High High High High High High
CASLL/CASUIPTI[2] High High High High High High High
CASLH/CASL/PTJ[3] High High High High High High High
CASHL/PTJ[4] High High High High High High High
CASHH/PTJ[5] High High High High High High High
CAS2L/PTE[6] High High High High High High High
CAS2H/PTE[3] High High High High High High High
WEO/DQMLL R High High High High High High High
W  High High High Low High Low Low
WE1/WE/DQMLU R  High High High High High High High
W  High High Low High High Low Low
WE2/ICIORD/DQMUL/ R High High High High High High High
PTK[6] W  High Low High High Low High Low
WEBS/ICIOWR/DQMUU/ R High High High High High High High
PTK[7] W  Low High High High Low High Low
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
RAS2U/PTE[1] High High High High High High High
RAS2L/PTJ[1] High High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled? Enabled” Enabled Enabled Enabled™ Enabled? Enabled™
101S16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address Address Address Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
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Table A.4 Pin States (Normal Memory/Big Endian) (cont)
32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
D15 to D8 Invalid Invalid Valid Invalid Invalid Valid Valid

data data data data data data data
D23 to D16 Invalid Valid Invalid Invalid Valid Invalid Valid

data data data data data data data
D31 to D24 Valid Invalid Invalid Invalid Valid Invalid Valid

data data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or down.
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Table A.5 Pin States (Burst ROM/Little Endian)

8-Bit Bus Width

16-Bit Bus Width

Byte/Word/Long- Byte Access Byte Access Word/Longword
Pin word Access (Address 2n) (Address 2n + 1)  Access
CS6 to CS2, CS0O Enabled Enabled Enabled Enabled
RD R Low Low Low Low
W J— J— J— J—
RD/WR R  High High High High
W J— J— J— J—

BS Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High
RAS3L/PTJ[0] High High High High
CASLL/CASU/PTJ[2] High High High High
CASLH/CASL/PTJ[3] High High High High
CASHL/PTJ[4] High High High High
CASHH/PTJ[5] High High High High
CAS2L/PTE[6] High High High High
CAS2H/PTE[3] High High High High
WEO/DQMLL R  High High High High

W J— J— J— J—
WE1/WE/DQMLU R  High High High High

W J— J— J— J—
WE2/ICIORD/DQMUL/ R High High High High
PTK[6] W — _ _ _
WES/ICIOWR/DQMUU/ R High High High High
PTK[7] W — _ _ _
CE2A/PTE[4] High High High High
CE2B/PTE[5] High High High High
RAS2U/PTE[1] High High High High
RAS2L/PTJ[1] High High High High
CKE Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled™ Enabled™
10IS16 Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address
D7 to DO Valid data Valid data Invalid data Valid data
D15 to D8 High-Z"2 Invalid data Valid data Valid data
D31 to D16 High-Z*2 High-z"2 High-z"2 High-z"2
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Table A.5 Pin States (Burst ROM/Little Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
CS6 to CS2, CS0 Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R Low Low Low Low Low Low Low
W — — J— J— J— — —
RD/WR R  High High High High High High High
W — — J— J— J— — —
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High High High High
RAS3L/PTJ[0] High High High High High High High
CASLL/CASUIPTI[2] High High High High High High High
CASLH/CASL/PTJ[3] High High High High High High High
CASHL/PTJ[4] High High High High High High High
CASHH/PTJ[5] High High High High High High High
CAS2L/PTE[6] High High High High High High High
CAS2H/PTE[3] High High High High High High High
WEO/DQMLL R  High High High High High High High
W J— J— J— J— J— J— J—
WET1/WE/DQMLU R  High High High High High High High
W J— J— J— J— J— J— J—
WE2/ICIORD/DQMUL/ R High High High High High High High
PTK[6] W — _ _ _ _ _ _
WEBS/ICIOWR/DQMUU/ R High High High High High High High
PTK[7] W — _ _ _ _ _ _
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
RAS2U/PTE[1] High High High High High High High
RAS2L/PTJ[1] High High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled? Enabled™ Enabled Enabled Enabled™ Enabled Enabled™
101S16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address Address Address Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
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Table A.5 Pin States (Burst ROM/Little Endian) (cont)
32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid

data data data data data data data
D23 to D16 Invalid Invalid Valid Invalid Invalid Valid Valid

data data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid Valid

data data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or down.
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Table A.6  Pin States (Burst ROM/Big Endian)

8-Bit Bus Width

16-Bit Bus Width

Byte/Word/Long- Byte Access Byte Access Word/Longword

Pin word Access (Address 2n) (Address 2n + 1)  Access
CS6 to CS2, CS0 Enabled Enabled Enabled Enabled
RD R Low Low Low Low

W R —_ —_ —_
RD/WR R  High High High High

W R —_ —_ —_
BS Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High
RAS3L/PTI[0] High High High High
CASLL/CASU/IPTJ[2] High High High High
CASLH/CASL/PTI[3] High High High High
CASHL/PTJ[4] High High High High
CASHH/PTJ[5] High High High High
CAS2L/PTE[6] High High High High
CAS2H/PTE[3] High High High High
WEO/DQMLL R High High High High

W — J— J— J—
WET1/WE/DQMLU R  High High High High

W — J— J— J—
WE2/ICIORD/DQMUL/ R High High High High
PTK[6] W — _ _ _
WES/ICIOWR/DQMUU/ R High High High High
PTK[7] W — _ _ _
CE2A/PTE[4] High High High High
CE2B/PTE[5] High High High High
RAS2U/PTE[1] High High High High
RAS2L/PTJ[1] High High High High
CKE Disabled Disabled Disabled Disabled
WAIT Enabled™ Enabled™ Enabled™ Enabled™
10IS16 Disabled Disabled Disabled Disabled
A25 to A0 Address Address Address Address
D7 to DO Valid data Invalid data Valid data Valid data
D15 to D8 High-2"2 Valid data Invalid data Valid data
D31 to D16 High-Z*2 High-z"2 High-z"2 High-z"2
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Table A.6 Pin States (Burst ROM/Big Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
CS6 to CS2, CS0 Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R Low Low Low Low Low Low Low
W — — — J— J— J— —
RD/WR R  High High High High High High High
W — — — J— J— J— —
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High High High High
RAS3L/PTJ[0] High High High High High High High
CASLL/CASUIPTI[2] High High High High High High High
CASLH/CASL/PTJ[3] High High High High High High High
CASHL/PTJ[4] High High High High High High High
CASHH/PTJ[5] High High High High High High High
CAS2L/PTE[6] High High High High High High High
CAS2H/PTE[3] High High High High High High High
WEO/DQMLL R High High High High High High High
W J— J— J— J— J— J— J—
WE1/WE/DQMLU R  High High High High High High High
W J— J— J— J— J— J— J—
WE2/ICIORD/DQMUL/ R High High High High High High High
PTK[6] W — _ _ _ _ _ _
WEBS/ICIOWR/DQMUU/ R High High High High High High High
PTK[7] W — _ _ _ _ _ _
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
RAS2U/PTE[1] High High High High High High High
RAS2L/PTJ[1] High High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled? Enabled” Enabled Enabled Enabled™ Enabled? Enabled™
101S16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address Address Address Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
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Table A.6  Pin States (Burst ROM/Big Endian) (cont)
32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
D15 to D8 Invalid Invalid Valid Invalid Invalid Valid Valid

data data data data data data data
D23 to D16 Invalid Valid Invalid Invalid Valid Invalid Valid

data data data data data data data
D31 to D24 Valid Invalid Invalid Invalid Valid Invalid Valid

data data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or down.
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Table A.7 Pin States (DRAM/Little Endian)

16-Bit Bus Width (Area 3)

16-Bit Bus Width (Area 2)

Byte Byte Byte Byte
Access Access Word/ Access Access Word/
(Address (Address Longword  (Address (Address Longword
Pin 2n) 2n +1) Access 2n) 2n +1) Access
CS6 to CS2, CS0 Enabled Enabled Enabled Enabled Enabled Enabled
RD R  High High High High High High
W  High High High High High High
RD/WR R High High High High High High
W  Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High/Low™ High/Low™ High/Low™ High High High
RAS3L/PTJ[0] Low/Hight Low/High™ Low/High't High High High
CASLL/CASUIPTI[2] Low High Low High High High
CASLH/CASL/PTJ[3] High Low Low High High High
CASHL/PTJ[4] High High High High High High
CASHH/PTJ[5] High High High High High High
CAS2L/PTE[6] High High High Low High Low
CAS2H/PTE[3] High High High High Low Low
WEO/DQMLL R  High High High High High High
W  High High High High High High
WET1/WE/DQMLU R  High High High High High High
W  High High High High High High
WE2/ICIORD/DQMUL/ R High High High High High High
PTKI6] W High High High High High High
WEBS/ICIOWR/DQMUU/ R High High High High High High
PTK[7] W High High High High High High
CE2A/PTE[4] High High High High High High
CE2B/PTE[5] High High High High High High
RAS2U/PTE[1] High High High High/Low™ High/Low™ High/Low™
RAS2L/PTJ[1] High High High Low/High™t  Low/High™ Low/High™
CKE Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled
A25 to A0 Address Address Address Address Address Address
D7 to DO Valid data  Invalid data Valid data  Valid data  Invalid data Valid data
D15 to D8 Invalid data Valid data Validdata Invalid data Valid data Valid data
D31 to D16 High-Z*2 High-Z"2 High-Z"2 High-z"2 High-z"2 High-z"2
768

HITACHI



Table A.7 Pin States (DRAM/Little Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword

Pin 4n) 4n+1) 4n +2) 4n + 3) 4n) 4n + 2) Access
CS6 to CS2, CSO Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R  High High High High High High High

W  High High High High High High High
RD/WR R  High High High High High High High

W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High/Low" High/Low™ High/Low" High/Low"! High/Low™? High/Low"! High/Low™
RAS3L/PTJ[0] Low/High™* Low/High™ Low/High™ Low/High™ Low/High™* Low/High*! Low/High"
CASLL/CASU/PTJ[2] Low High High High Low High Low
CASLH/CASL/PTJ[3] High Low High High Low High Low
CASHL/PTJ[4] High High Low High High Low Low
CASHH/PTJ[5] High High High Low High Low Low
CAS2L/PTE[6] High High High High High High High
CAS2H/PTE[3] High High High High High High High
WEO/DQMLL R High High High High High High High

W  High High High High High High High
WET/WE/DQMLU R High High High High High High High

W  High High High High High High High
WE2/ICIORD/DQMUL/ R High High High High High High High
PTKIE] W High High High High High High High
WES/ICIOWR/DQMUU/ R High High High High High High High
PTK[7] W High High High High High High High
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
RAS2U/PTE[1] High High High High High High High
RAS2L/PTJ[1] High High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Disabled Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25 to AO Address  Address Address Address Address Address Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid

data data data data data data data
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Table A.7 Pin States (DRAM/Little Endian) (cont)
32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid

data data data data data data data
D23 to D16 Invalid Invalid Valid Invalid Invalid Valid Valid

data data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid Valid

data data data data data data data

Notes: 1. Lower 32-Mbyte access / Upper 32-Mbyte access.
2. Unused data pins should be switched to the port function, or pulled up or down.
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Table A.8 Pin States (DRAM/Big Endian)

16-Bit Bus Width (Area 3)

16-Bit Bus Width (Area 2)

Byte Byte Byte Byte
Access Access Word/ Access Access Word/
(Address (Address Longword  (Address (Address Longword
Pin 2n) 2n+1) Access 2n) 2n +1) Access
CS6to CS2, CSO Enabled Enabled Enabled Enabled Enabled Enabled
RD R  High High High High High High
W  High High High High High High
RD/WR R  High High High High High High
W  Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High/Low™ High/Low™ High/Low™ High High High
RAS3L/PTJ[0] Low/HighT  Low/High™ Low/High™® High High High
CASLL/CASUIPTI[2] High Low Low High High High
CASLH/CASL/PTJ[3] Low High Low High High High
CASHL/PTJ[4] High High High High High High
CASHH/PTJ[5] High High High High High High
CAS2L/PTE[6] High High High High Low Low
CAS2H/PTE[3] High High High Low High Low
WEO/DQMLL R  High High High High High High
W  High High High High High High
WET/WE/DQMLU R High High High High High High
W  High High High High High High
WE2/ICIORD/DQMUL/ R High High High High High High
PTKIE] W High High High High High High
WEBS/ICIOWR/DQMUU/ R High High High High High High
PTK[7] W High High High High High High
CE2A/PTE[4] High High High High High High
CE2B/PTE[5] High High High High High High
RAS2U/PTE[1] High High High High/Low™ High/Low™ High/Low"
RAS2L/PTJ[1] High High High Low/High™™ Low/High™ Low/High"
CKE Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled
A25 to A0 Address Address Address Address Address Address
D7 to DO Invalid data Valid data  Valid data  Invalid data Valid data  Valid data
D15 to D8 Valid data  Invalid data Valid data  Valid data Invalid data Valid data
D31 to D16 High-Z"2 High-Z"2 High-Z"2 High-Z"2 High-Z"2 High-Z"2
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Table A.8 Pin States (DRAM/Big Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword

Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6 to CS2, CS0 Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R  High High High High High High High

W  High High High High High High High
RD/WR R  High High High High High High High

W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High/Low’ High/Low™ High/Low™ High/Low"! High/Low™* High/Low" High/Low
RAS3L/PTJ[0] Low/High™ Low/High™ Low/High™ Low/High™* Low/High™* Low/High*! Low/High"™
CASLL/CASU/PTJ[2] High High High Low High Low Low
CASLH/CASL/PTJ[3] High High Low High High Low Low
CASHL/PTJ[4] High Low High High Low High Low
CASHH/PTJ[5] Low High High High Low High Low
CAS2L/PTE[6] High High High High High High High
CAS2H/PTE[3] High High High High High High High
WEO/DQMLL R High High High High High High High

W  High High High High High High High
WET1/WE/DQMLU R  High High High High High High High

W  High High High High High High High
WE2/ICIORD/DQMUL/ R High High High High High High High
PTKI6] W High High High High High High High
WES/ICIOWR/DQMUU/ R High High High High High High High
PTKI7] W High High High High High High High
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
RAS2U/PTE[1] High High High High High High High
RAS2L/PTJ[1] High High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Disabled Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address Address Address Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid Valid

data data data data data data data
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Table A.8 Pin States (DRAM/Big Endian) (cont)
32-Bit Bus Width

Byte Byte Byte Byte Word Word

Access Access Access Access Access Access

(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
D15 to D8 Invalid Invalid Valid Invalid Invalid Valid Valid

data data data data data data data
D23 to D16 Invalid Valid Invalid Invalid Valid Invalid Valid

data data data data data data data
D31 to D24 Valid Invalid Invalid Invalid Valid Invalid Valid

data data data data data data data

Notes: 1. Lower 32-Mbyte access / Upper 32-Mbyte access.
2. Unused data pins should be switched to the port function, or pulled up or down.
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Table A.9 Pin States (Synchronous DRAM/Little Endian)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword

Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6to CS2, CSO Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R  High High High High High High High

W  High High High High High High High
RD/WR R  High High High High High High High

W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High/Low’ High/Low™ High/Low™ High/Low"! High/Low™* High/Low" High/Low
RAS3L/PTJ[0] Low/High™ Low/High™ Low/High™ Low/High™* Low/High™* Low/High*! Low/High"™
CASLL/CASU/PTJ[2] Low Low Low Low Low Low Low
CASLH/CASL/PTJ[3] High High High High High High High
CASHL/PTJ[4] High High High High High High High
CASHH/PTJ[5] High High High High High High High
CASHL/PTE[6] High High High High High High High
CASHH/PTE[3] High High High High High High High
DQMLL/WEO R Low High High High Low High Low

W  Low High High High Low High Low
DQMLU/WET R High Low High High Low High Low

W  High Low High High Low High Low
DQMUL/WE2/ICIORD R  High High Low High High Low Low

W  High High Low High High Low Low
DQMUU/WES/ICIOWR R  High High High Low High Low Low

W  High High High Low High Low Low
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
RAS2U/PTE[1] High High High High High High High
RAS2L/PTJ[1] High High High High High High High
CKE High"2 High™? High™ High2 High'2 High'2 High™2
WAIT Disabled Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address Address Address Address

command command command command command command command
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Table A.9 Pin States (Synchronous DRAM/Little Endian) (cont)
32-Bit Bus Width
Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D23 to D16 Invalid Invalid Valid Invalid Invalid Valid Valid
data data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
Notes: 1. Lower 32-Mbyte access / Upper 32-Mbyte access
2. Normally high. Low in self-refreshing.
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Table A.10 Pin States (Synchronous DRAM/Big Endian)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword

Pin 4n) 4n + 1) 4n +2) 4n + 3) 4n) 4n +2) Access
CS6 to CS2, CS0 Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RD R  High High High High High High High

W  High High High High High High High
RD/WR R  High High High High High High High

W  Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High/Low’ High/Low™ High/Low™ High/Low"! High/Low™* High/Low" High/Low
RAS3L/PTJ[0] Low/High™ Low/High™ Low/High™ Low/High™* Low/High™* Low/High*! Low/High"™
CASLL/CASU/PTJ[2] Low Low Low Low Low Low Low
CASLH/CASL/PTJ[3] High High High High High High High
CASHL/PTJ[4] High High High High High High High
CASHH/PTJ[5] High High High High High High High
CASHL/PTE[6] High High High High High High High
CASHH/PTE[3] High High High High High High High
DQMLL/WEO R High High High Low High Low Low

W  High High High Low High Low Low
DQMLU/WET R High High Low High High Low Low

W  High High Low High High Low Low
DQMUL/WE2/ICIORD R  High Low High High Low High Low

W  High Low High High Low High Low
DQMUU/WES/ICIOWR R  Low High High High Low High Low

W  Low High High High Low High Low
CE2A/PTE[4] High High High High High High High
CE2B/PTE[5] High High High High High High High
RAS2U/PTE[1] High High High High High High High
RAS2L/PTJ[1] High High High High High High High
CKE High"2 High™? High™ High2 High'2 High'2 High™2
WAIT Disabled Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Disabled
A25 to AO Address Address Address Address Address Address Address

command command command command command command command
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Table A.10 Pin States (Synchronous DRAM/Big Endian) (cont)

32-Bit Bus Width

Byte Byte Byte Byte Word Word
Access Access Access Access Access Access
(Address (Address (Address (Address (Address (Address Longword
Pin 4n) 4n +1) 4n + 2) 4n + 3) 4n) 4n +2) Access
D7 to DO Valid Invalid Invalid Invalid Valid Invalid Valid
data data data data data data data
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid Valid
data data data data data data data
D23 to D16 Invalid Invalid Valid Invalid Invalid Valid Valid
data data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid Valid
data data data data data data data
Notes: 1. Lower 32-Mbyte access/ Upper 32-Mbyte access
2. Normally high. Low in self-refreshing.
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Table A.11 Pin States (PCMCIA/Little Endian)

PCMCIA Memory Interface (Area 5)

PCMCIA/IO Interface (Area 5)

8-Bit Bus 8-Bit Bus
Width 16-Bit Bus Width Width 16-Bit Bus Width
Byte/ Byte Byte Byte/ Byte Byte
Word/ Access Access Word/ Word/ Access Access Word/
Long- (Ad- (Ad- Long- Long- (Ad- (Ad- Long-
word dress dress word word dress dress word
Pin Access 2n) 2n+1) Access Access 2n) 2n+1) Access
CS6 to CS2, CS0 Enabled Enabled High Enabled Enabled Enabled High Enabled
RD R Low Low Low Low High High High High
W High High High High High High High High
RD/WR R High High High High High High High High
W  Low Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High High High High High
RAS3L/PTJ[0] High High High High High High High High
CASLL/CASL/PTJ[2] High High High High High High High High
CASLH/CASU/PTJ[3]  High High High High High High High High
CASHL/PTJ[4] High High High High High High High High
CASHH/PTJ[5] High High High High High High High High
CAS2L/PTE[6] High High High High High High High High
CAS2H/PTE[3] High High High High High High High High
WEO/DQMLL R High High High High High High High High
W High High High High High High High High
WET/WE/DQMLU R High High High High High High High High
W  Low Low Low Low High High High High
WE2/ICIORD/ R High High High High Low Low Low Low
DQMUL/PTKB]  \y high High  High  High High High  High  High
WES/ICIOWR/ R High High High High High High High High
DQMUUPTKI7]  \y high High  High  High Low Low  Low  Low
CE2A/PTE[4] High High Low Low High High Low Low
CE2B/PTE[5] High High High High High High High High
RAS2U/PTE[1] High High High High High High High High
RAS2L/PTJ[1] High High High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled Enabled"*Enabled™ Enabled? Enabled™ Enabled™ Enabled™ Enabled™
101S16 Disabled Disabled Disabled Disabled Disabled Disabled Enabled Enabled
778

HITACHI



Table A.11 Pin States (PCMCIA/Little Endian) (cont)

PCMCIA Memory Interface (Area 5)

PCMCIA/IO Interface (Area 5)

8-Bit Bus 8-Bit Bus

Width 16-Bit Bus Width Width 16-Bit Bus Width

Byte/ Byte Byte Byte/ Byte Byte

Word/ Access Access Word/ Word/ Access Access Word/

Long- (Ad- (Ad- Long- Long- (Ad- (Ad- Long-

word dress dress word word dress dress word
Pin Access 2n) 2n+1) Access Access 2n) 2n+1) Access
A25 to A0 Address  Address Address Address Address Address Address Address
D7 to DO Valid Valid Invalid  Valid Valid Valid Invalid  Valid

data data data data data data data data
D15 to D8 High-Z2  Invalid Valid Valid High-Z2 Invalid Valid Valid

data data data data data data

D31 to D16 High-Z?  High-Z'? High-Z? High-Z? High-Z?> High-Z? High-Z"? High-z2
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Table A.11 Pin States (PCMCIA/Little Endian) (cont)

PCMCIA Memory Interface

PCMCIA/IO Interface

(Area 6) (Area 6)
8-Bit 8-Bit
Bus Bus
Width 16-Bit Bus Width Width 16-Bit Bus Width
Byte/ Byte Byte Byte/ Byte Byte
Word/ Access Access Word/ Word/ Access Access Word/
Long- (Ad- (Ad- Long- Long- (Ad- (Ad- Long-
word dress  dress word word dress dress  word
Pin Access  2n) 2n+1) Access Access 2n) 2n+1)  Access
CS6 to CS2, CS0 Enabled Enabled High Enabled Enabled Enabled High Enabled
RD R Low Low Low Low High High High High
W  High High High High High High High High
RD/WR R  High High High High High High High High
W  Low Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High High High High High
RAS3L/PTJ[0] High High High High High High High High
CASLL/CASU/PTI[2] High High High High High High High High
CASLH/CASL/PTJ[3] High High High High High High High High
CASHL/PTJ[4] High High High High High High High High
CASHH/PTJ[5] High High High High High High High High
CAS2L/PTE[6] High High High High High High High High
CAS2H/PTE[3] High High High High High High High High
WEO/DQMLL R  High High High High High High High High
W  High High High High High High High High
WE1/WE/DQMLU R  High High High High High High High High
W  Low Low Low Low High High High High
WE2/ICIORD/DQMUL/ R High High High High Low Low Low Low
PTK[6] W High High  High  High High High  High  High
WES3/ICIOWR/DQMUU/ R High High High High High High High High
PTK[7] W High High High High Low Low Low Low
CE2A/PTE[4] High High High High High High High High
CE2B/PTE[5] High High Low Low High High Low Low
RAS2U/PTE[1] High High High High High High High High
RAS2L/PTJ[1] High High High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled Enabled Enabled Enabled Enabled Enabled Enabled Enabled
*x1 *1 *1 *1 *1 *1 *1 *1
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Enabled Enabled
A25 to A0 Address Address Address Address Address Address Address Address
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Table A.11 Pin States (PCMCIA/Little Endian) (cont)

PCMCIA Memory Interface PCMCIA/IO Interface
(Area 6) (Area 6)

8-Bit 8-Bit

Bus Bus

Width 16-Bit Bus Width Width 16-Bit Bus Width

Byte/ Byte Byte Byte/ Byte Byte

Word/ Access Access Word/ Word/ Access Access Word/

Long- (Ad- (Ad- Long- Long- (Ad- (Ad- Long-

word dress dress word word dress dress word
Pin Access  2n) 2n+1) Access Access 2n) 2n+1)  Access
D7 to DO Valid Valid Invalid  Valid Valid Valid Invalid  Valid

data data data data data data data data
D15to D8 High-z*2 Invalid Valid Valid High-z*? Invalid  Valid Valid

data data data data data data

D31to D16 High-z*>  High-Z*?> High-Zz*> High-Z*> High-Z*> High-Z*?> High-Z**> High-Z*?

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or down.
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Table A.12 Pin States (PCMCIA/Big Endian)

PCMCIA Memory Interface (Area 5)

PCMCIA/IO Interface (Area 5)

8-Bit Bus 8-Bit Bus
Width 16-Bit Bus Width Width 16-Bit Bus Width
Byte/ Byte Byte Byte/ Byte Byte
Word/ Access Access Word/ Word/ Access Access Word/
Long- (Ad- (Ad- Long- Long- (Ad- (Ad- Long-
word dress dress word word dress dress word
Pin Access 2n) 2n+1) Access Access 2n) 2n+1) Access
CS6 to CS2, CS0 Enabled Enabled High Enabled Enabled Enabled High Enabled
RD R Low Low Low Low High High High High
W High High High High High High High High
RD/WR R High High High High High High High High
W  Low Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High High High High High
RAS3L/PTJ[0] High High High High High High High High
CASLL/CASU/PTJ[2] High High High High High High High High
CASLH/CASL/PTJ[3] High High High High High High High High
CASHL/PTJ[4] High High High High High High High High
CASHH/PTJ[5] High High High High High High High High
CAS2L/PTE[6] High High High High High High High High
CAS2H/PTE[3] High High High High High High High High
WEO/DQMLL R High High High High High High High High
W High High High High High High High High
WET/WE/DQMLU R High High High High High High High High
W  Low Low Low Low High High High High
WE2/ICIORD/ R High High High High Low Low Low Low
DQMUL/PTKB]  \y high High  High  High High High  High  High
WES/ICIOWR/ R High High High High High High High High
DQMUUPTKI7ZI  \ High High  Low  Low Low Low  Low  Low
CE2A/PTE[4] High High Low Low High High Low Low
CE2B/PTE[5] High High High High High High High High
RAS2U/PTE[1] High High High High High High High High
RAS2L/PTJ[1] High High High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled Enabled™ Enabled™ Enabled™ Enabled™ Enabled™ Enabled™ Enabled™®
101S16 Disabled Disabled Disabled Disabled Disabled Disabled Enabled Enabled
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Table A.12 Pin States (PCMCIA/Big Endian) (cont)

PCMCIA Memory Interface (Area 5)

PCMCIA/IO Interface (Area 5)

8-Bit Bus 8-Bit Bus
Width 16-Bit Bus Width Width 16-Bit Bus Width
Byte/ Byte Byte Byte/ Byte Byte
Word/ Access Access Word/ Word/ Access Access Word/
Long- (Ad- (Ad- Long- Long- (Ad- (Ad- Long-
word dress dress word word dress dress word
Pin Access 2n) 2n+1) Access Access 2n) 2n+1) Access
A25 to A0 Address  Address Address Address Address Address Address Address
D7 to DO Valid data Invalid Valid Valid Valid Invalid  Valid Valid
data data data data data data data
D15 to D8 High-z%  Valid Invalid  Valid High-z2  Valid Invalid  Valid
data data data data data data
D31 to D16 High-Z?  High-Z'? High-Z? High-Z? High-Z?> High-Z? High-Z"? High-z2
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Table A.12 Pin States (PCMCIA/Big Endian) (cont)

PCMCIA Memory Interface

PCMCIA/IO Interface

(Area 6) (Area 6)
8-Bit 8-Bit
Bus Bus
Width 16-Bit Bus Width Width 16-Bit Bus Width
Byte/ Byte Byte Byte/ Byte Byte
Word/ Access Access Word/ Word/ Access Access Word/
Long- (Ad- (Ad- Long- Long- (Ad- (Ad- Long-
word dress  dress word word dress dress  word
Pin Access  2n) 2n+1) Access Access 2n) 2n+1)  Access
CS6 to CS2, CS0 Enabled Enabled High Enabled Enabled Enabled High Enabled
RD R Low Low Low Low High High High High
W  High High High High High High High High
RD/WR R  High High High High High High High High
W  Low Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RAS3U/PTE[2] High High High High High High High High
RAS3L/PTJ[0] High High High High High High High High
CASLL/CASU/PTI[2] High High High High High High High High
CASLH/CASL/PTJ[3] High High High High High High High High
CASHL/PTJ[4] High High High High High High High High
CASHH/PTJ[5] High High High High High High High High
CAS2L/PTE[6] High High High High High High High High
CAS2H/PTE[3] High High High High High High High High
WEO/DQMLL R  High High High High High High High High
W  High High High High High High High High
WE1/WE/DQMLU R  High High High High High High High High
W  Low Low Low Low High High High High
WE2/ICIORD/DQMUL/ R High High High High Low Low Low Low
PTK[6] W High High  High  High High High  High  High
WES3/ICIOWR/DQMUU/ R High High High High High High High High
PTK[7] W High High High High Low Low Low Low
CE2A/PTE[4] High High High High High High High High
CE2B/PTE[5] High High Low Low High High Low Low
RAS2U/PTE[1] High High High High High High High High
RAS2L/PTJ[1] High High High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled Enabled Enabled Enabled Enabled Enabled Enabled Enabled
*x1 *1 *1 *1 *1 *1 *1 *1
10IS16 Disabled Disabled Disabled Disabled Disabled Disabled Enabled Enabled
A25 to A0 Address Address Address Address Address Address Address Address
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Table A.12 Pin States (PCMCIA/Big Endian) (cont)

PCMCIA Memory Interface PCMCIA/IO Interface
(Area 6) (Area 6)

8-Bit 8-Bit

Bus Bus

Width 16-Bit Bus Width Width 16-Bit Bus Width

Byte/ Byte Byte Byte/ Byte Byte

Word/ Access Access Word/ Word/ Access Access Word/

Long- (Ad- (Ad- Long- Long- (Ad- (Ad- Long-

word dress dress word word dress dress word
Pin Access  2n) 2n+1) Access Access 2n) 2n+1)  Access
D7 to DO Valid Invalid Valid Valid Valid Invalid Invalid Valid

data data data data data data data data
D15to D8 High-z*2  Valid Invalid Valid High-z*?  Valid Invalid Valid

data data data data data data

D31to D16 High-z*>  High-Z*?> High-Zz*> High-Z*> High-Z*> High-Z*?> High-Z**> High-Z*?

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or down.
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Appendix B Memory-Mapped Control Registers

B.1 Register Address Map

Table B.1 Memory-Mapped Control Registers

Control Register ~ Module *' Bus*?>  Address ** Size (Bits)  Access Size (Bits) *°
PTEH CCN L H'FFFFFFFO 32 32
PTEL CCN L H'FFFFFFF4 32 32
TTB CCN L H'FFFFFFF8 32 32
TEA CCN L H'FFFFFFFC 32 32
MMUCR CCN L H'FFFFFFEO 32 32
BASRA CCN L H'FFFFFFE4 32 32
BASRB CCN L H'FFFFFFE8 32 32
CCR CCN L H'FFFFFFEC 32 32
CCR2 CCN | H'040000B0O 32 32
TRA CCN L H'FFFFFFDO 32 32
EXPEVT CCN L H'FFFFFFD4 32 32
INTEVT CCN L H'FFFFFFD8 32 32
BARA UBC L H'FFFFFFBO 32 32
BAMRA UBC L H'FFFFFFB4 8 8
BBRA UBC L H'FFFFFFB8 16 16
BARB UBC L H'FFFFFFAO 32 32
BAMRB UBC L H'FFFFFFA4 8 8
BBRB UBC L H'FFFFFFA8 16 16
BDRB UBC L H'FFFFFF90 32 32
BDMRB UBC L H'FFFFFF94 32 32
BRCR UBC L H'FFFFFF98 16 16
FRQCR CPG | H'FFFFFF80 16 16
STBCR CPG I H'FFFFFF82 8 8
STBCR2 CPG | H'FFFFFF88 8 8
WTCNT CPG | H'FFFFFF84 8 16
WTCSR CPG I H'FFFFFF86 8 16
BCR1 BSC | H'FFFFFF60 16 16
BCR2 BSC | H'FFFFFF62 16 16
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Table B.1 Memory-Mapped Control Registers (cont)

Control Register ~ Module *' Bus*?  Address ** Size (Bits)  Access Size (Bits) **
WCR1 BSC | H'FFFFFF64 16 16
WCR2 BSC | H'FFFFFF66 16 16
MCR BSC I H'FFFFFF68 16 16
DCR BSC | H'FFFFFF6A 16 16
PCR BSC | H'FFFFFF6C 16 16
RTCSR BSC I H'FFFFFF6E 16 16
RTCNT BSC | H'FFFFFF70 16 16
RTCOR BSC | H'FFFFFF72 16 16
RFCR BSC | HFFFFFF74 16 16
BCR3 BSC | H'FFFFFF7E 16 16
SDMR BSC | H'FFFFDO0O0 — — 8
H'FFFFEFFE

MCSCRO BSC | H'FFFFFF50 16 16
MCSCR1 BSC | H'FFFFFF52 16 16
MCSCR2 BSC I H'FFFFFF54 16 16
MCSCR3 BSC | H'FFFFFF56 16 16
MCSCR4 BSC | H'FFFFFF58 16 16
MCSCR5 BSC I H'FFFFFF5A 16 16
MCSCR6 BSC | H'FFFFFF5C 16 16
MCSCR7 BSC | H'FFFFFF5E 16 16
R64CNT RTC P H'FFFFFECO 8 8
RSECCNT RTC P HFFFFFEC2 8 8
RMINCNT RTC P H'FFFFFEC4 8 8
RHRCNT RTC P H'FFFFFEC6 8 8
RWKCNT RTC P H'FFFFFEC8 8 8
RDAYCNT RTC P H'FFFFFECA 8 8
RMONCNT RTC P H'FFFFFECC 8 8
RYRCNT RTC P H'FFFFFECE 8 8
RSECAR RTC P H'FFFFFEDO 8 8
RMINAR RTC P H'FFFFFED2 8 8
RHRAR RTC P H'FFFFFED4 8 8
RWKAR RTC P H'FFFFFED6 8 8
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Table B.1 Memory-Mapped Control Registers (cont)

Control Register ~ Module *' Bus*?>  Address ** Size (Bits)  Access Size (Bits) *°
RDAYAR RTC P H'FFFFFED8 8 8
RMONAR RTC P H'FFFFFEDA 8 8
RCR1 RTC P H'FFFFFEDC 8 8
RCR2 RTC P H'FFFFFEDE 8 8
ICRO INTC | H'FFFFFEEO 16 16
IPRA INTC | H'FFFFFEE2 16 16
IPRB INTC | H'FFFFFEE4 16 16
TOCR TMU P H'FFFFFEQO 8 8
TSTR TMU P H'FFFFFE92 8 8
TCORO TMU P H'FFFFFE94 32 32
TCNTO TMU P H'FFFFFE98 32 32
TCRO T™MU P H'FFFFFESC 16 16
TCORL1 TMU P H'FFFFFEAO 32 32
TCNT1 TMU P H'FFFFFEA4 32 32
TCR1 TMU P H'FFFFFEA8 16 16
TCOR2 TMU P H'FFFFFEAC 32 32
TCNT2 TMU P H'FFFFFEBO 32 32
TCR2 TMU P HFFFFFEB4 16 16
TCPR2 TMU P H'FFFFFEB8 32 32
SCSMR SCI P H'FFFFFESO0 8 8
SCBRR SCI P H'FFFFFE82 8 8
SCSCR SCI P H'FFFFFE84 8 8
SCTDR SCI P H'FFFFFE86 8 8
SCSSR SCI P H'FFFFFE88 8 8
SCRDR SCI P H'FFFFFESBA 8 8
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Table B.1 Memory-Mapped Control Registers (cont)

Control Register ~ Module *' Bus*?  Address ** Size (Bits)  Access Size (Bits) **
INTEVT2 INTC | H'04000000 32 32
IRRO INTC | H'04000004 16

IRR1 INTC I H'04000006 16

IRR2 INTC | H'04000008 16 8

ICR1 INTC | H'04000010 16 16
ICR2 INTC I H'04000012 16 16
INTER INTC | H'04000014 16 16
IPRC INTC | H'04000016 16 16
IPRD INTC I H'04000018 16 16
IPRE INTC | H'0400001A 16 16
SARO DMAC P H'04000020 32 16,32
DARO DMAC P H'04000024 32 16,32
DMATCRO DMAC P H'04000028 32 16,32
CHCRO DMAC P H'0400002C 32 8,16,32
SAR1 DMAC P H'04000030 32 16,32
DAR1 DMAC P H'04000034 32 16,32
DMATCR1 DMAC P H'04000038 32 16,32
CHCR1 DMAC P H'0400003C 32 8,16,32
SAR2 DMAC P H'04000040 32 16,32
DAR2 DMAC P H'04000044 32 16,32
DMATCR2 DMAC P H'04000048 32 16,32
CHCR2 DMAC P H'0400004C 32 8,16,32
SAR3 DMAC P H'04000050 32 16,32
DAR3 DMAC P H'04000054 32 16,32
DMATCR3 DMAC P H'04000058 32 16,32
CHCR3 DMAC P H'0400005C 32 8,16,32
DMAOR DMAC P H'04000060 16 8,16
CMSTR CMT P H'04000070 16 8,16,32
CMCSR CMT P H'04000072 16 8,16,32
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Table B.1 Memory-Mapped Control Registers (cont)

Control Register ~ Module *' Bus*?>  Address ** Size (Bits)  Access Size (Bits) *°
CMCNT CMT P H'04000074 16 8,16,32
CMCOR CMT P H'04000076 16 8,16,32
ADDRAH A/D P H'04000080 8 8,16,32*%*°
ADDRAL A/D P H'04000082 8 8,16*°
ADDRBH A/D P H'04000084 8 8,16,32*%*¢
ADDRBL A/D P H'04000086 8 8,16*°
ADDRCH A/D P H'04000088 8 8,16,32*>*°
ADDRCL A/D P H'0400008A 8 8,16*°
ADDRDH A/D P H'0400008C 8 8,16,32*%*°
ADDRDL A/D P H'0400008E 8 8,16*°
ADCSR A/D P H'04000090 8 8,16,32*%*¢
ADCR A/D P H'04000092 8 8,16
DADRO D/A P H'040000A0 8 8,16,32*>*°
DADR1 DI/IA P H'040000A2 8 8,16*°
DACR DI/IA P H'040000A4 8 8,16,32
PACR PORT P H'04000100 16 16

PBCR PORT P H'04000102 16 16

PCCR PORT P H'04000104 16 16

PDCR PORT P H'04000106 16 16

PECR PORT P H'04000108 16 16

PFCR PORT P H'0400010A 16 16

PGCR PORT P H'0400010C 16 16

PHCR PORT P H'0400010E 16 16

PJCR PORT P H'04000110 16 16

PKCR PORT P H'04000112 16 16

PLCR PORT P H'04000114 16 16

SCPCR PORT P H'04000116 16 16

PADR PORT P H'04000120 8 8

PBDR PORT P H'04000122 8 8

PCDR PORT P H'04000124 8 8
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Table B.1 Memory-Mapped Control Registers (cont)

Control Register ~ Module *' Bus*?  Address ** Size (Bits)  Access Size (Bits) **
PDDR PORT P H'4000126 8 8
PEDR PORT P H'4000128 8 8
PFDR PORT P H'400012A 8 8
PGDR PORT P H'400012C 8 8
PHDR PORT P H'400012E 8 8
PJDR PORT P H'4000130 8 8
PKDR PORT P H'4000132 8 8
PLDR PORT P H'4000134 8 8
SCPDR PORT P H'4000136 8 8
SCSMR1 IrDA P H'4000140 8 8
SCBRR1 IrDA P H'4000142 8 8
SCSCR1 IrDA P H'4000144 8 8
SCFTDR1 IrDA P H'4000146 8 8
SCSSR1 IrDA P H'4000148 16 16
SCFRDR1 IrDA P H'400014A 8 8
SCFCR1 IrDA P H'400014C

SCFDR1 IrDA P H'400014E 16 16
SCSMR2 SCIF P H'4000150

SCBRR2 SCIF P H'4000152

SCSCR2 SCIF P H'4000154

SCFTDR2 SCIF P H'4000156

SCSSR2 SCIF P H'4000158 16 16
SCFRDR2 SCIF P H'400015A

SCFCR2 SCIF P H'400015C

SCFDR2 SCIF P H'400015E 16 16
SDIR uDl | H'4000200 16 16
SDSR uDlI I H'4000204 16 16
SDDR/SDDRH uDl | H'4000208 16/32 16/32
SDDRL uDl | H'400020A 16 16
SDAR uDlI I H'400020C 16 16
SDARE uDl | H'4000210 16 16
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Notes: 1.

792

Modules:

CCN: Cache controller UBC: User break controller

CPG: Clock pulse generator BSC: Bus state controller

RTC: Realtime clock INTC: Interrupt controller

TMU: Timer unit SCI: Serial communication interface

Internal buses:
L: CPU, CCN, cache, TLB, and DSP connected
I: BSC, cache, DMAC, INTC, CPG, and H-UDI connected

P: BSC and peripheral modules (RTC, TMU, SCI, SCIF, IrDA, A/D, D/A, DMAC, ports,
CMT) connected

The access size shown is for control register access (read/write). An incorrect result
will be obtained if a different size from that shown is used for access.

To exclude area 1 control registers from address translation by the MMU, set the first 3
bits of the logical address to 101, to locate the registers in the P2 space.

With 16-bit access, it is not possible to read data in two registers simultaneously.

With 32-bit access, it is not possible to read data in the register at [accessed address +
2] simultaneously.
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B.2 Register Bits

Table B.2 Register Bits

Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module
SDMR — — — — BSC
SCSMR C/A CHR PE O/E STOP MP CKS1 CKSO SCi
SCBRR SCI
SCSCR TIE RIE TE RE MPIE  TEIE CKE1l CKEO SCI
SCTDR SCI
SCSSR TDRE RDRF ORER FER PER TEND MPB MPBT SCI
SCRDR SCI
SCSCMR — — — — SDIR SINV — SMIF SCI
TOCR — — — — — — — TCOE TMU
TSTR — — — — — STR2 STR1 STRO TMU
TCORO T™MU
TCNTO TMU
TCRO — — — — — — — UNF TMU

— — UNIE CKEG1 CKEGO TPSC2 TPSC1l TPSCO

TCOR1 TMU
TCNT1 TMU
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Table B.2  Register Bits (cont)

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module

TCR1 — — — — — — — UNF T™MU

— — UNIE CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TCOR2 T™MU
TCNT2 T™MU
TCR2 — — — — — — ICPF UNF T™MU
ICPE1 ICPEO UNIE CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TCPR2 T™MU
R64CNT — 1Hz 2Hz 4 Hz 8 Hz 16Hz 32Hz 64Hz RTC
RSECCNT — 10 sec 1sec RTC
RMINCNT — 10 min 1 min RTC
RHRCNT — — 10 hours 1 hour RTC
RWKCNT — — — — — day of week RTC
RDAYCNT — — 10 days 1 day RTC
RMONCNT — — — 10 1 month RTC
months
RYRCNT 10 years 1 year RTC
RSECAR ENB 10 sec 1 sec RTC
RMINAR ENB 10 min 1 min RTC
RHRAR ENB — 10 hours 1 hour RTC
RWKAR ENB — — — — day of week RTC
RDAYAR ENB — 10 days 1 day RTC
RMONAR ENB — — 10 1 month RTC
months
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Table B.2 Register Bits (cont)

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module

RCR1 CF — — CIE AIE — — AF RTC

RCR2 PEF PES2 PES1 PESO RTCEN ADJ RESET START RTC

ICRO NML — — — — — — NMIE INTC

IPRA TMUO TMU1 INTC
T™MU2 RTC

IPRB WDT REF INTC
SCI — — — —

BCR1 PULA PULD HIZMEMHIZCNT ENDIAN AOBST1 AOBSTO A5BST1 BSC
A5BSTO A6BST1 A6BSTO DRAMT DRAMT DRAMT A5PCM AG6PCM

P2 P1 PO

BCR2 — — A6SZ1 A6SZ0 A5SZ1 A5SZ0 A4SZ1 A4SZ0 BSC
A3SZ1 A3SZ0 A2SZ1 A2SZ0 — — — —

BCR3 EXTEND— TPC31 TPC30 RCD31 RCD30 TRAS31 TRAS30 BSC
— — TPC21 TPC20 RCD21 RCD20 TRAS21 TRAS20

WCR1 WAITSEL — AGIW1 A6IW0 A5IW1 AS5IW0 A4IW1 A4IW0 BSC
A3IW1 A3IW0 A2Iwl A2IW0 — — AOIW1 AOIWO

WCR2 A6W2 A6W1 A6WO0 A5W2 A5W1 A5W0 A4W2 A4W1 BSC
A4AW0 A3W1 A3W0 A2W1 A2W0 AO0OW2 AO0OW1 AOWO

MCR TPC1 TPCO RCD1 RCDO TRWL1 TRWLO TRAS1 TRASO BSC
RASD BE AMX2 AMX1 AMX0 RFSH RMODE EDOMO

DE

DCR TPC1 TPCO RCD1 RCDO — — TRAS1 TRASO BSC
— BE — AMX1 AMX0 RFSH RMODE —

PCR A6W3 A5W3 — — ASTED2 A6TED2 ASTEH2 A6TEH2 BSC
AS5TED1 AS5TEDO A6TED1 AGTEDO AS5TEH1 ASTEHO A6TEH1 AG6TEHO

RTCSR — — — — — — — — BSC
CMF CMIE CKS2 CKS1 CKSO OVF OVIE LMTS

RTCNT — — — — — — — — BSC

RTCOR  — — — — — — — — BSC
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Table B.2  Register Bits (cont)

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module
RFCR — — — — — — — — BSC
FRQCR STC2 IFC2 PFC2 — — — SLPFRQCKOEN CPG
PLLEN PSTBY STC1 STCO IFC1 IFCO PFC1 PFCO
STBCR STBY — — — — MSTP2 MSTP1 MSTPO CPG
STBCR2 — MDCHG MSTP8 MSTP7 MSTP6 MSTP5 MSTP4 MSTP3 CPG
WTCNT CPG
WTCSR  TME WT/IT RSTS WOVF IOVF CKS2 CKS1 CKSO CPG
BDRB UBC
BDMRB UBC
BRCR — — — — — — — — UBC
— — BASMA BASMB — — — —
SCMFCA SCMFCB SCMFDA SCMFDB PCTE PCBA — —
DBEB PCBB — — SEQ — — ETBE
BARB UBC
BAMRB  — — — — — BASM BAM BAM UBC
BBRB — — — — — — — — UBC
— — ID ID RW RW Sz Sz
BARA UBC
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Table B.2 Register Bits (cont)

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module
BAMRA  — — — — — BASM BAM BAM UBC
BBRA — — — — — — — — UBC
CDA1 CDAO IDA1 IDAO RWA1 RWAO SZAl SZAO
BETR — — — — UBC
BRSR SVF PID2 PID1 PIDO BSA27 BSA26 BSA25 BSA24 UBC
BSA23 BSA22 BSA21 BSA20 BSA19 BSA18 BSAl7 BSA16
BSA15 BSAl14 BSAl13 BSAl12 BSAll BSA10 BSA9 BSAS8
BSA7 BSA6 BSA5 BSA4 BSA3 BSA2 BSAl BSAO
BRDR DVF — — — BDA27 BDA26 BDA25 BDA24 UBC
BDA23 BDA22 BDA21 BDA20 BDA19 BDA18 BDAl7 BDA16
BDA15 BDA14 BDA13 BDAl12 BDAll BDA10 BDA9 BDA8
BDA7 BDA6 BDA5 BDA4 BDA3 BDA2 BDAl BDAO
TRA — — — — — — — — CCN
EXPEVT — — — — — — — — CCN
INTEVT — — — — — — — — CCN
MMUCR — — — — — — — — CCN
— — — — — — — SV
— — RC RC — TF IX AT
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Table B.2  Register Bits (cont)

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module

BASRA UBC
BASRB UBC
CCR — — — — — — — — CCN
— — RA 0 CF CB WT CE
CCR2 — — — — — — — — CCN
_ — — — — — W3LOAD W3LOCK
_ — — — — — W2LOAD W2LOCK
PTEH CCN
PTEL CCN
— Y%
— PR PR sz C D SH —
TTB CCN
TEA CCN
INTEVT2 INTC
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Table B.2 Register Bits (cont)

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module

IRRO INTC
PINTOR PINTIR IRQ5R IRQ4R IRQ3R IRQ2R IRQIR IRQOR

IRR1 INTC
TXIIR BRIIR RXI1IR ERIIR DEI3R DEI2R DEIIR DEIOR

IRR2 INTC
— — — ADIR TXI2R BRI2R RXI2R ERI2R

ICR1 MAI  IRQLVL BLMSK — IRQ51S IRQ50S IRQ41S IRQ40S INTC
IRQ31S IRQ30S IRQ21S IRQ20S IRQ11S IRQ10S IRQOLS IRQO0S

ICR2 INT15S INT14S INT13S INT12S INT11S INT10S INT9S INT8S INTC

INT7S INT6S INTSS INT4S INT3S INT2S INT1S INTOS

INTER INT15E INT14E INT13E INT12E INT11E INT10E INTOE INT8E INTC
INT7E INT6E INTS5E INT4E INT3E INT2E INT1E INTOE

IPRC IRQ3’s level IRQ2’s level INTC
IRQ1’s level IRQO’s level

IPRD PINTO to 7’s level PINT8 to 15’s level INTC
IRQ5’s level IRQ4’s level

IPRE DMAC's level IrDA’s level INTC
SCIF’s level A/D’s level

SARO DMAC

DARO DMAC

DMATCRO — — — — — — — — DMAC
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Table B.2  Register Bits (cont)

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module
CHCRO — — — — — — — — DMAC
— — — DI RO — AM AL
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
— DS ™ TS1 TSO IE TE DE
SAR1 DMAC
DAR1 DMAC
DMATCR1 — — — — — — — — DMAC
CHCR1 — — — — — — — — DMAC
— — — DI RO — AM AL
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
— DS ™ TS1 TSO IE TE DE
SAR2 DMAC
DAR2 DMAC
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Table B.2 Register Bits (cont)

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module
DMATCR2 — — — — — — — — DMAC
CHCR2 — — — — — — — — DMAC
— — — DI RO RL AM AL
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
— DS ™ TS1 TSO IE TE DE
SAR3 DMAC
DAR3 DMAC
DMATCR3 — — — — — — — — DMAC
CHCRS3 — — — — — — — — DMAC
— — — DI RO RL AM AL
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
— DS ™ TS1 TSO IE TE DE
DMAOR — — — — — — PR1 PRO DMAC
— — — — — AE NMIF  DME
CMSTR — — — — — — — — CMT
— — — — — — — STR
CMCSR — — — — — — — — CMT
CMF  — — — — — CKS1 CKSO
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Table B.2 Registers Bits (cont)

Register  Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module
CMCNT CMT
CMCOR CMT
ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/D
ADDRAL AD1 ADO — — — — — — A/D
ADDRBH AD9 ADS8 AD7 ADG6 AD5 AD4 AD3 AD2 A/D
ADDRBL AD1 ADO — — — — — — A/D
ADDRCH AD9 ADS8 AD7 ADG6 AD5 AD4 AD3 AD2 A/D
ADDRCL AD1 ADO — — — — — — A/D
ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/D
ADDRDL AD1 ADO — — — — — — A/D
ADCSR ADF ADE ADST SCAN CKS CH2 CH1 CHO A/D
ADCR TRGE — — — — — — — A/D
DADRO D/A
DADR1 D/A
DACR DAOE1 DAOEO DAE — — — — — D/A
PACR PA7TM PA7M PA6M PA6M PA5S5M PAS5M PA4AM PA4M PORT

D1 DO D1 DO D1 DO D1 DO

PASM PA3M PA2M PA2M PA1IM PA1IM PAOM PAOM

D1 DO D1 DO D1 DO D1 DO
PBCR PB7M PB7M PB6M PB6M PB5M PB5M PB4M PB4M PORT

D1 DO D1 DO D1 DO D1 DO

PB3M PB3M PB2M PB2M PB1M PB1M PBOM PBOM

D1 DO D1 DO D1 DO D1 DO
PCDR PC7/M PC7/M PC6M PC6M PC5M PC5M PC4M PC4M PORT

D1 DO D1 DO D1 DO D1 DO

PC3M PC3M PC2M PC2M PC1IM PC1IM PCOM PCOM

D1 DO D1 DO D1 DO D1 DO
PDCR pPD7M PD7/M PD6M PD6M PD5M PD5M PD4M PD4M PORT

D1 DO D1 DO D1 DO D1 DO
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Table B.2 Register Bits (cont)

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Module
PECR PE7TM PE7M PE6M PE6M PE5M PE5M PE4M PE4M PORT
D1 DO D1 DO D1 DO D1 DO

PE3M PE3M PE2M PE2M PE1IM PE1M PEOM PEOM
D1 DO D1 DO D1 DO D1 DO
PFCR PF7M PF7/M PF6M PF6M PF5M PF5M PF4M PF4M PORT
D1 DO D1 DO D1 DO D1 DO
PF3M PF3M PF2M PF2M PF1IM PF1IM PFOM PFOM
D1 DO D1 DO D1 DO D1 DO
PGCR PG’M PG7M PG6M PG6M PG5M PG5M PG4M PG4M PORT
D1 DO D1 DO D1 DO D1 DO
PG3M PG3M PG2M PG2M PG1M PG1IM PGOM PGOM
D1 DO D1 DO D1 DO D1 DO
PHCR PH7M PH7M PH6M PH6M PH5M PH5M PH4M PH4M PORT
D1 DO D1 DO D1 DO D1 DO
PH3M PH3M PH2M PH2M PHIM PHIM PHOM PHOM
D1 DO D1 DO D1 DO D1 DO
PJCR PJ7M PJ/M  PJ6M PJ6M PJ5M PJ5M  PJ4AM PJ4M  PORT
D1 DO D1 DO D1 DO D1 DO
PJ3M PJ3M PJ2M  PJ2M PJIM PJIM PJOM  PJOM
D1 DO D1 DO D1 DO D1 DO
PKCR PK7M PK7M PK6M PK6M PK5M PK5M PK4M PK4M PORT
D1 DO D1 DO D1 DO D1 DO
PK3M PK3M PK2M PK2M PK1IM PK1IM PKOM PKOM
D1 DO D1 DO D1 DO D1 DO
PLCR PLYM PL7M PL6M PL6M PL5M PL5M PL4AM PL4M PORT
D1 DO D1 DO D1 DO D1 DO
PL3M PL3M PL2M PL2M PLIM PLIM PLOM PLOM
D1 DO D1 DO D1 DO D1 DO
SCPCR SCP7M SCP7M SCP6M SCP6M SCP5M SCP5M SCP4M SCP4M PORT
D1 DO D1 DO D1 DO D1 DO
SCP3M SCP3M SCP2M SCP2M SCP1M SCP1M SCPOM SCPOM
D1 DO D1 DO D1 DO D1 DO
PADR PA7DT PA6DT PA5DT PA4DT PA3DT PA2DT PA1IDT PAODT PORT
PBDR PB7DT PB6DT PB5DT PB4DT PB3DT PB2DT PB1DT PBODT PORT
PCDR PC7DT PC6DT PC5DT PC4DT PC3DT PC2DT PC1DT PCODT PORT
PDDR PD7DT PD6DT PD5DT PD4DT PD3DT PD2DT PD1DT PDODT PORT
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Table B.2  Register Bits (cont)

Register BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BITL BITO  Module
PEDR PE7DT PE6DT PESDT PE4DT PE3DT PE2DT PEIDT PEODT PORT
PFDR PF7DT PF6DT PF5DT PF4DT PF3DT PF2DT PFIDT PFODT PORT
PGDR PG7DT PG6DT PG5DT PG4DT PG3DT PG2DT PGIDT PGODT PORT
PHDR PH7DT PH6DT PH5DT PH4DT PH3DT PH2DT PHIDT PHODT PORT
PJDR PJ7DT PJ6DT PJ5DT PJADT PJ3DT PJ2DT PJIDT PJODT PORT
PKDR PK7DT PK6DT PK5DT PKADT PK3DT PK2DT PK1DT PKODT PORT
PLDR PL7DT PL6DT PLSDT PLADT PL3DT PL2DT PLIDT PLODT PORT
SCPDR  SCP7DTSCP6DT SCP5DT SCP4DT SCP3DT SCP2DT SCP1DT SCPODT PORT
SDIR TI3 TI2 TI1 TIO — — — — uDI
SDSR PR3 PR2 PR1 PRO VR3 VR2 VR1L VRO UDI
— — — — — ASEMW BRKAF SDTRF
SDDR uDI
(SDDRL)
SDAR — — — — — — AR9  AR8  UDI
AR7 AR6 AR5 AR4 AR3 AR2 — —
SDARE  — — — — — — ARE9 ARE8 UDI
ARE7 ARE6 ARE5 ARE4 ARE3 ARE2 — —
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Appendix C Product Lineup

Table C.1 SH7709A Product Lineup

Power Supply Voltage

Operating
Abbr. 110 Internal Frequency  Model Marking Package
SH7709A 3303V 19+0.15V 133 MHz HD6417709AF133 208-pin plastic LQFP
(FP-208C)
HD6417709ABT133 216-pin TFBGA
(TBT-216B)
1.8+0.15V 100 MHz HD6417709AF100 208-pin plastic LQFP
(FP-208C)
HD6417709ABT100 216-pin TFBGA
(TBT-216B)
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Appendix D Package Dimensions

Figures D.1 and D.2 show the SH7709A package dimensions.

Unit: mm
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*Dimension including the plating thickness EIAJ Conforms
Base material dimension Weight (reference value)| 2.7 g
Figure D.1 Package Dimensions (FP-208C)
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