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Revisions and Additionsin this Edition

Revisions
Page Item (See Manual for Details)
All H8S/2329 (F-ZTAT version), H8S/2324,
and H8S/2320 products added
2 Table 1.1 Overview Item "CPU"
Maximum clock rate: 25 MHz
6 1.2 Block Diagram * H8S/2329F-ZTAT version EMLE pin
added
7,8 1.3 Pin Arrangement (TFP-120 pin 72, FP-128 pin 80)
11, 14 1.4 Pin Functions in Each Operating Mode » FP-128 pin 4: changed from NC to
VNC
16, 17 1.5 Pin Functions MD2-MDO function description
amended
EMLE added
32 2.2.3 System Control Register 2 (SYSCR2) Bits 2 to O: Description amended
35 2.4 Pin Functions in Each Operating Mode Mode 6 to mode 15 Notes 2 and 3
added
371040, 2.5 Memory Map in Each Operating Mode Reserved area access prohibited Note
42 added
36 Figure 2.1 H8S/2329 Memory Map in Each H8S/2329 address map added
Operating Mode
41 Figure 2.4 H8S/2324 Memory Map in Each H8S/2324 address map added
Operating Mode
44 Figure 2.7 H8S/2320 Memory Map in Each H8S/2320 address map added
Operating Mode
60 Table 3.10 Interrupt Sources, DTC Vector Interrupt sources DMTENDOA, 0B, 1A,
Addresses, and Corresponding DTCEs 1B added
77 4.2.5 Bus Control Register L (BCRL) Bit 5: H8S/2329 address Note 2 added
95 Figure 4.7 Example of Wait State Insertion HWR deleted
Timing
102 Figure 4.15 CBR Refresh Timing Note added
102 Figure 4.16 CBR Refresh Timing Note added
104 Figure 4.18 DACK Output Timing when DDS  Note added
=1
105 Figure 4.19 DACK Output Timing when DDS Note added
=0
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Revisions

Page Item (See Manual for Details)
113 Table 4.7 Pin States in Idle Cycle CSn, DACKm Note added
114 Figure 4.26 Example of Timing when Write Note added
Data Buffer Function is Used
116 Table 4.8 Pin States in Bus-Released State  CSn, DACKm Note added
121 5.1 Overview Ports 1 and F descriptions amended
(driving one TTL load and 50 pF
capacitive load)
176 Table 5.14 Port A Pin Functions PA3/A19-PAO/A16 pin descriptions
amended
(address output pins -~ Am output pins)
214,220 Table 5.28 I/O Port States in Each Processing P53/WAIT/BREQO pin description
State amended
[Notation] amendments, additions
284 6.12 RAM (H8S/2329, H8S/2324) Added
286 6.14 RAM (H8S/2320) Added
287,288 6.15 ROM (H8S/2329) Added
293 to Section 7 Electrical Characteristics ROMless versions H8S/2322R and
338 H8S/2320 added
294 Table 7.2 DC Characteristics (H8S/2328, V,, min value amended
H8S/2327, H8S/2323)
296, 297 Table 7.3 DC Characteristics (H8S/2322R, Added
H8S/2320)
302 Figure 7.5 Interrupt Input Timing IRQi - IRQ
308 Figure 7.9 DRAM Bus Timing HWR, LWR - HWR (WE)
310 Figure 7.12 Burst ROM Access Timing CS7-CS0 - CSO
311 Figure 7.13 Burst ROM Access Timing CS7-CS0 - CSO
322 Table 7.10 A/D Conversion Characteristics Conversion time and absolute accuracy
values (nonlinearity error, offset error,
full-scale error) amended
324 Table 7.12 Absolute Maximum Ratings V.. and AV rated values amended

Note amended
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Page

Item

Revisions
(See Manual for Details)

325,326 Table 7.13 DC Characteristics

Test conditions (Ve, AV¢, V.o)
amended

V,, min value amended

| I., ] max value amended

-I, test conditions amended

l.c typ and max values amended
Analog/reference power supply current
Al type and max values amended
Notes 3 and 4 amended

327

Table 7.14 Permissible Output Currents

Test conditions (Ve, AV¢, V.o)
amended

335

Table 7.20 A/D Conversion Characteristics

Conversion time and absolute accuracy
values (nonlinearity error, offset error,
full-scale error) amended

336

Table 7.21 D/A Conversion Characteristics

Test conditions B (V) amended

337

Table 7.22 Flash Memory Characteristics

Test conditions V¢, AVee, Vi To)
amended

t, and t; typ and max values amended

Programming z value amended, test
conditions added

Wait time after SWE bit clearing added

Erasing z test conditions added
y min value amended

Wait time after SWE bit clearing added

339

341

344
347

8.1 List of Registers (Address Order)

HF800-H'FBFF DAR, CRA, CRB
amended

H'FED5 BCRL bit 5 added
H'FEDB RAMER Note added

H'FF3B MDCR bit 0 amended

H'FFCB EBR2 bits 5 and 4 added

350 to
352

356

8.2 List of Registers (By Module)

Common to DMAC, TPUO-TPUS5, and
TPU added

Port 5 P5DDR, P5DR initial value Note
added

Power-down mode added
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Revisions

Page Item (See Manual for Details)
390 8.3 Functions BCRL bit 5 H8S/2329 description added
392 DRAMCR bit 6 description amended
T = To Trer = Ty
412 DTVECR R/W Note amendment,
addition
475 FLMCRL1 bit 7 H8S/2329 Note added
477 EBR?2 bits 5 and 4 added
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Organization of H8S/2329, H85/2328 Series
Reference Manual

The following manual s are available for H8S/2329 and H85/2328 Series products.

Tablel H85/2329, H85/2328 Series Manuals

Title Document Code
H8S/2600 Series, H8S/2000 Series Programming Manual ADE-602-083A
H8S/2339, H8S/2338 Series, H8S/2329, H8S/2328 Series, ADE-602-171A
H8S/2318 Series Hardware Manual (in preparation)
H8S/2329, H8S/2328 Series, H8S/2329 F-ZTAT™, ADE-602-163A

H8S/2328 F-ZTAT™ Reference Manual

The H85/2600 Series, H8S/2000 Series Programming Manual gives a detailed description of the
architecture and instruction set of the H85/2000 CPU.

The H8S/2339, H85/2338 Series, H8S/2329, H8S/2328 Series, H8S/2318 Series Hardware
Manual describes the operation of on-chip functions, and gives a detailed description of the related
registers.

The H85/2329, H8S/2328 Series, H8S/2329 F-ZTAT™, H8S/2328 F-ZTAT™ Reference Manual
mainly coversinformation specific to products, including pin arrangement, 1/O ports, MCU
operating modes (address maps), interrupt vectors, bus control, and electrical characteristics, and
also includes a brief description of all 1/0 registers for the convenience of the user.

The contents of the H8S/2339, H8S/2338 Series, H85/2329, H85/2328 Series, H85/2318 Series
Hardware Manual and the H8S/2329, H85/2328 Series, H8S/2329 F-ZTAT™, H85/2328 F-
ZTAT™ Reference Manual are summarized in table 2.
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Table 2

Contents of Hardware Manual and Reference M anual

Hardware Reference
No. Iltem Manual Manual
1 Overview O O
(including pin
arrangement)
2 MCU operating modes (including address maps) — ©)
3 Exception handling O O
4 Interrupt controller ©) O
5 Bus controller ©) ©)
6 DMA controller (DMAC) ©) —
7 Data transfer controller (DTC) @) —
8 16-bit timer pulse unit (TPU) @) —
9 Programmable pulse generator (PPG) @ —
10 8-bit timers © —
11 Watchdog timer @) —
12 Serial communication interface (SCI) ©) —
13 Smart card interface © —
14 A/D converter ©) —
15 D/A converter O —
16 RAM @) —
17 ROM (flash memory) @) —
18 Clock pulse generator @ —
19 Power-down modes © —
20 1/0 ports (including port block diagrams) — ©)
21 Electrical characteristics — O
22 Register reference chart (in address order, — O
with function summary)
23 Instruction set O —
24 Package dimension diagrams — O
O: Included
O: Included (with detailed register descriptions)
—: Not included
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The following chart shows where to find various kinds of information for different purposes.

For product
evaluation
information, or

For product specifications

Overview = 11 Overview
comparative
specification Pin arrangement diagram = 1.3 Pin Arrangement
information
for current . Block diagrams of function modules  ge= Section 6 Peripheral Block Diagrams
users of Hitachi
products Pin functions [ 1.5 PinFunctions
Electrical characteristics [== Section 7 Electrical Characteristics
For detailed For details of operation of modules
information
on functions 1/0 port information [= Section5 /O Ports
. . Section 3 Exception Handling and
Interrupts and exception handling == Interrupt Controller
Information on other modules = H8S/2339, H8S/2338 Series, H8S/2329,
H8S/2328 Series, H8S/2318 Series
Hardware Manual
For information on operating modes
Pin functions = 1.5 PinFunctions
List [= 1.4 PinFunctions in Each Operating
Mode
Detailed descriptions [==" Section2 MCU Operating Modes
. For information on registers
For use as design
material ) ) )
List [ Section 8 registers
To find a register from its address [= 8.1 Listof Registers (Address Order)
To find register information by function g™ 8.2 List of Registers (By Module)
Setti d d not H8S/2339, H8S/2338 Series, H8S/2329,
etling procedure and notes = H8s/2328 Series, H8S/2318 Series
Hardware Manual
For information on instructions
List =
o tion d ioti d not _ H8S/2600 Series, H8S/2000 Series
peration description and notes = Programming Manual
Program examples ==
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Section 1 Overview

1.1 Overview

The H85/2329 and H8S/2328 Series are series of microcomputers (MCUs: microcomputer units),
built around the H8S/2000 CPU, employing Hitachi's proprietary architecture, and equipped with
peripheral functions on-chip.

The H8S/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include DMA controller (DMAC)
and data transfer controller (DTC) bus masters, ROM and RAM memory, a 16-bit timer pulse unit
(TPU), programmable pulse generator (PPG), 8-bit timer, watchdog timer (WDT), seria
communication interface (SCI), A/D converter, D/A converter, and |/O ports.

A high-functionality bus controller is also provided, enabling fast and easy connection of DRAM
and other kinds of memory.

Single-power-supply flash memory (F-ZTAT™*) and mask ROM versions are available,
providing a quick and flexible response to conditions from ramp-up through full-scale volume
production, even for applications with frequently changing specifications. ROM is connected to
the CPU via a 16-bit data bus, enabling both byte and word data to be accessed in one state.
Instruction fetching is thus speeded up, and processing speed increased.

The features of the H85/2329 and H85/2328 Series are shown in table 1.1.

Note: * F-ZTAT isatrademark of Hitachi, Ltd.
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Tablel.1 Overview

Item

Specification

CPU

General-register machine

O Sixteen 16-bit general registers (also usable as sixteen 8-bit registers
or eight 32-hit registers)

High-speed operation suitable for realtime control

0 Maximum clock rate: 25 MHz

O High-speed arithmetic operations
8/16/32-bit register-register add/subtract: 40 ns (at 25 MHz operation)
16 x 16-bit register-register multiply: 800 ns (at 25 MHz operation)
32 + 16-bit register-register divide: 800 ns (at 25 MHz operation)

Instruction set suitable for high-speed operation

O Sixty-five basic instructions

O 8/16/32-bit data transfer, arithmetic, and logic instructions

O Unsigned/signed multiply and divide instructions

O Powerful bit-manipulation instructions

CPU operating mode

O Advanced mode: 16-Mbyte address space

Bus controller

Address space divided into 8 areas, with bus specifications settable
independently for each area

Chip select output possible for each area

Choice of 8-bit or 16-bit access space for each area

2-state or 3-state access space can be designated for each area
Number of program wait states can be set for each area

Maximum 8-Mbyte DRAM directly connectable (or use of interval timer
possible)

External bus release function

DMA controller
(DMAC)

Choice of short address mode or full address mode

4 channels in short address mode

2 channels in full address mode

Transfer possible in repeat mode, block transfer mode, etc.
Single address mode transfer possible

Can be activated by internal interrupt

Data transfer
controller (DTC)

Can be activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one activation
source

Transfer possible in repeat mode, block transfer mode, etc.
Request can be sent to CPU for interrupt that activated DTC
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Item

Specification

16-bit timer pulse
unit (TPU)

.

6-channel 16-bit timer on-chip
Pulse 1/O processing capability for up to 16 pins
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)

Maximum 16-bit pulse output possible with TPU as time base
Output trigger selectable in 4-bit groups

Non-overlap margin can be set

Direct output or inverse output setting possible

8-hit timer,
2 channels

8-bit up-counter (external event count capability)
Two time constant registers
Two-channel connection possible

Watchdog timer

Watchdog timer or interval timer selectable

Serial
communication
interface (SCI),
3 channels

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function

A/D converter

Resolution: 10 bits

Input: 8 channels

6.7 ps minimum conversion time (at 20 MHz operation)
Single or scan mode selectable

Sample-and-hold function

A/D conversion can be activated by external trigger or timer trigger

D/A converter

Resolution: 8 bits
Output: 2 channels

1/O ports

87 input/output pins, 8 input-only pins

Memory

Flash memory and mask ROM
High-speed static RAM

Product Name ROM RAM
H8S/2329* 384 kbytes 32 kbytes
H8S/2328 256 kbytes 8 kbytes
H8S/2327 128 kbytes 8 kbytes
H8S/2324* — 32 kbytes
H8S/2323 32 kbytes 8 kbytes
H8S/2322R — 8 kbytes
H8S/2320 — 4 kbytes

Note: * Under development

Interrupt controller *  Nine external interrupt pins (NMI, IRQ, to IRQ,)
« 52 internal interrupt sources
« Eight priority levels settable
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Item

Specification

Power-down state

Medium-speed mode

Sleep mode

Module stop mode
Software standby mode
Hardware standby mode
Variable clock division ratio

Operating modes

Eight MCU operating modes (H8S/2328 F-ZTAT version)

External Data Bus

CPU

Operating On-Chip Initial Maximum
Mode Mode Description ROM Value  Value
0 — — — — —
1
2
3
4 Advanced Expanded mode with Disabled 16 bits 16 bits
5 on-chip ROM disabled 8 bits 16 bits
6 Expanded mode with Enabled 8 bits 16 bits

on-chip ROM enabled

7 Single-chip mode — —
8 — — — — —
9
10 Advanced Boot mode Enabled 8 bits 16 bits
11 — —
12 — — — — —
13
14 Advanced User program mode Enabled 8 bits 16 bits
15 — —
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Item Specification

Operating * Four MCU operating modes (mask ROM and ROMless versions, H8S/2329
modes F-ZTAT version)

CPU External Data Bus
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value  Value
1 — — — — —
2
3
4 Advanced Expanded mode with on-  Disabled 16 bits 16 bits
chip ROM disabled
5 Expanded mode with on-  Disabled 8 bits 16 bits
chip ROM disabled
6 Expanded mode with on-  Enabled 8 hits 16 bits
chip ROM enabled
7 Single-chip mode Enabled — —

Note: Only modes 4 and 5 are provided in the ROMless version.

Clock pulse * Built-in duty correction circuit
generator

Packages * 120-pin plastic TQFP (TFP-120)
e 128-pin plastic QFP (FP-128)
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1.2 Block Diagram
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Notes: 1. The FWE pin applies to the H8S/2328 F-ZTAT version only.
The EMLE pin applies to the H8S/2329 F-ZTAT version only.
The WDTOVF pin function is not available in the F-ZTAT version.
2. ROM is not supported in the ROMless version.

Figure1l.1 Internal Block Diagram

HITACHI




1.3

Pin Arrangement

P5,/SCK,/IRQg

P5,/ADTRG/IRQ,/WAIT/BREQO

AVce

Vret

P4o/AN,

P4,/AN,

P4,/AN,

P43/ANg

P4,/AN,

P45/ANg

P4¢/DAy/ANg
P4,/DA;/AN;

AVsg

Vss
P1,/PO,5/TIOCB,/TCLKD
P1¢/PO,,/TIOCA,
P15/PO,4/TIOCB,/TCLKC
P1,/PO,,/TIOCA;
P13/PO,,/TIOCD,/TCLKB
P1,/PO;,/TIOCCo/TCLKA
P1,/POg/TIOCB,/DACK,
P1,/POg/ TIOCA,/DACK,
MD,

MD,

MD,

PG,/CAS

PG;/CS;

PG,/CS,

PG,/CS;

PG,/CS,

LCAS/WAIT/BREQO

BREQ

OCC4/TMRI,
0OCD,/TMCl,,
OCA,/TMRI,
OCB,/TMCI,
OCAS/TMO,
OCB./TMO,

0CA,
0CB,

000000000000 000000000000000000

903 P5,/RxD,/IRQ;
890 P5,/TXD,/RQ,

T T T
NP PP PRPRE P, 0000000000 G®JIosWwN F
BEREELREREBESR8388:28R888
880 PFy/
870 PF,/BACK
861 PR,/

85[0 PFy/LWR

84 [0 PF,/HWR

830 PFg/RD

820 PFg/AS

81 Ve

72[0 WDTOVF (FWE, EMLE)*
710 P2y/PO/T
703 P2,/PO,/T
69 [ P2,/PO,/T
68[1 P24/PO,/T
67[0 P2,/PO,/T
66[1 P25/PO/T
65[1 P2g/POgG/T
64[1 P2,/PO,/T
63[0 P6,/TEND,
62[1 P6,/DREQ,

800 PF,/o

790 Vg
78[0 EXTAL

773 XTAL

60 Ve
750 STBY

743 NMI
733 RES

611 P6,/TEND,/CS,

O0O0O0O00000000000000000000000000

Vee 01
PCy/A, O 2
PC,/A, O3
PC,/A, O 4
PCy/A; 05

Ves O 6
PC,/A, O 7

PCe/A O 8

PCs/As O 9

Vgg 15

PC,/A; 010
PBy/Ag 11
PB,/Aq 12
PB,/A;, 13
PB4/A;, []14
PB,/A;, C]16
PBg/A;5 17
PBg/A, C]18
PB,/A;s 19
PAy/ALg C]20
PA; IA; 2L
PA,/A;g O]22
PAg/Ay O]23

Vg OJ24

PA,/A/TRQ, []25
PAg/A,,/TRQs []26
PAG/A,,/TRQ, C]27
PA;/A,5/TRQ, []28

Note: * The FWE pin applies to the H8S/2328 F-ZTAT version only.
The EMLE pin applies to the H8S/2329 F-ZTAT version only.
The WDTOVF pin function is not available in the F-ZTAT versions.

P6,/CS,/IRQ,; []29

P6/CSy/IRQ, []30

P6,/DREQ,/CS,
Vss
P34/SCK,
P3,/SCK,
P34/RXD;
P3,/RxD,
P3,/TxD;
P3,/TxD,
Vee
PD,/Dys
PDg/Dy4
PDg/D;4
PD,/D;,
Vss
PD4/Dyy
PD,/Dyo
PD,/Dyq
PDy/Dg
PE,/D,
PEg/Dg
PE/Dj
PE,/D,
Vss
PE4/Dg
PE,/D,
PE,/D;
PEy/Dq
Vee
P6,/TRQ0
P65/IRQT

Figure 1.2 Pin Arrangement (TFP-120: Top View)
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Figure1.3 Pin Arrangement (FP-128: Top View)
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The EMLE pin applies to the H8S/2329 F-ZTAT version only.
The WDTOVF pin function is not available in the F-ZTAT versions.

Note: * The FWE pin applies to the H8S/2328 F-ZTAT version only.




1.4 Pin Functionsin Each Operating Mode

Table1.2 Pin Functionsin Each Operating Mode

Pin No. Pin Name
Flash Memory
Programmer

TFP-120 FP-128 Mode 4*! Mode 5*! Mode 6 Mode 7 Mode
1 5 Vee Vee Vee Vee Vee

2 6 A, A, PC,/A, PC, A,

3 7 A, A, PC./A, PC, A,

4 8 A, A, PC,/A, PC, A,

5 9 A, A, PC./A, PC, A,

6 10 Vss Vss Vss Vss Vss

7 11 A, A, PC,/A, PC, A,

8 12 A, A, PC4/A, PC, A,

9 13 A A PC4/A, PC, A

10 14 A, A, PC,/A, PC, .

11 15 A A PB,/A, PB, s

12 16 A, A, PB./A, PB, A,

13 17 Ao Ao PB,/A,, PB, Ao
14 18 Ay, Ay, PB,/A,, PB, Ay,
15 19 Vss Vss Vss Vss Vss
16 20 A, A, PB,/A,, PB, A,
17 21 A A PBJ/A,, PB, A
18 22 A, A, PBG/A,, PB, A,
19 23 A A PB,/A,; PB, A
20 24 A A PA,/A PA, A
21 25 A, A, PA,/A,; PA, A,
22 26 A A PAL/A PA, A
23 27 A A PA,/A PA, NC
24 28 Vss Vss Vss Vss Vss
25 29 Ay Ay PA,ALRQ, PA,IRQ, NC
26 30 PAJA,MIRQ, PAJA,IRQ, PAJALIRQ, PA.IRQ, NC
27 31 PAJ/A,,IRQ, PA(A,MNRQ, PAJA,LNRQ, PALIRQ, NC

9
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Pin No. Pin Name
Flash Memory
Programmer

TFP-120 FP-128 Mode 4*? Mode 5** Mode 6 Mode 7 Mode
28 32 PA/ALIRQ, PA,JA,RQ, PA,ANRQ, PA.IRQ, NC
29 33 P6,/IRQ,/CS, P6,/IRQ,/CS, P6,/IRQ,/CS, P6.,/IRQ, NC
30 34 P6,/IRQ,/CS, P6¢IRQ,/CS, P64IRQ,/ICS; P6,IRQ, Vee
— 35 Vss Vss Vss Vss Vss
_ 36 Vss Vss Vss Vss Vss
31 37 P6,/RQ, P6,/RQ, P6,/RQ, P6,/RQ, Vs
32 38 P6,/IRQ, P6,/IRQ, P6,/IRQ, P6,/IRQ, Vs
33 39 Vee Vee Vee Vee Vee
34 40 PE,/D, PE,/D, PE,/D, PE, NC
35 41 PE,/D, PE,/D, PE,/D, PE, NC
36 42 PE,/D, PE,/D, PE,/D, PE, NC
37 43 PE,/D, PE,/D, PE,/D, PE, NC
38 44 Vss Vss Vss Vss Vss
39 45 PE,/D, PE,/D, PE,/D, PE, NC
40 46 PE./D, PE./D, PE./D, PE, NC
41 47 PE4/Dg PE4/D PE4/D PE, NC
42 48 PE,/D, PE,/D, PE,/D, PE, NC
43 49 D, D, D, PD, 110,
44 50 D, D, D, PD, /O,
45 51 Dy, Dy, Dy, PD, /0,
46 52 Dy, Dy, Dy, PD, 110,
47 53 Vss Vss Vss Vss Vss
48 54 D,, D,, D,, PD, /o,
49 55 Dy, Dy, Dy, PD, 1104
50 56 Dy, Dy, D, PD, 1104
51 57 Dys Dys Dys PD, /o,
52 58 Vee Vee Vee Vee Vee
53 59 P3,/TxD, P3,/TxD, P3,/TxD, P3,/TxD, NC
54 60 P3,/TxD, P3,/TxD, P3,/TxD, P3,/TxD, NC
55 61 P3,/RxD, P3,/RxD, P3,/RxD, P3,/RxD, NC
10
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Pin No. Pin Name
Flash Memory
Programmer
TFP-120 FP-128 Mode 4*! Mode 5*! Mode 6 Mode 7 Mode
56 62 P3./RxD, P3./RxD, P3./RxD, P3./RxD, NC
57 63 P3,/SCK, P3,/SCK, P3,/SCK, P3,/SCK, NC
58 64 P3./SCK, P3./SCK, P3./SCK, P3./SCK, NC
59 65 Vss Vss Vss Vss Vss
60 66 P6,/DREQ,/ P6,/DREQ,  P6,/DREQ,  P6,/[DREQ, NC
Cs, Cs, Cs,
- 67 Vss Vss Vss Vss Vss
- 68 Vss Vss Vss Vss Vss
61 69 P6,/TEND,/ P6,/TEND,/ P6,/TEND,/ P6,/TEND, NC
CS, CS, CS,
62 70 P6,/DREQ, P6,/DREQ, P6,/DREQ, P6,/DREQ, NC
63 71 P6,/TEND, P6,/TEND, P6,/TEND, P6,/TEND, NC
64 72 P2,/PO,/ P2,/PO,/ P2,/PO,/ P2,/PO,/ NC
TIOCB/TMO, TIOCBJTMO, TIOCB/TMO, TIOCB/TMO,
65 73 P2,/PO,/ P2,/PO,/ P2,/PO,/ P2,/PO,/ NC
TIOCAJ/TMO, TIOCAJTMO, TIOCA/TMO, TIOCA/TMO,
66 74 P2,/PO,/ P2,/PO,/ P2,/PO,/ P2,/PO,/ Ves
TIOCB,/TMCI, TIOCB,/TMCI, TIOCB,/TMCI, TIOCB,/TMCI,
67 75 P2,/PO,/ P2,/PO,/ P2,/PO,/ P2,/PO,/ WE
TIOCA,/TMRI; TIOCA/TMRI; TIOCA/TMRI, TIOCA,/TMRI,
68 76 P2,/PO,/ P2,/PO,/ P2,/PO,/ P2,/PO,/ CE
TIOCD,/TMCI, TIOCD,/TMCl, TIOCD,/TMCl, TIOCD,/TMClI,
69 77 P2,/PO,/ P2,/PO,/ P2,/PO,/ P2,/PO,/ OE
TIOCC,/TMRI, TIOCC,/TMRI, TIOCC,/TMRI, TIOCC,/TMRI,
70 78 P2,/PO,/ P2,/PO,/ P2,/PO,/ P2,/PO,/ NC
TIOCB, TIOCB, TIOCB, TIOCB,
71 79 P2,/PO,/ P2,/PO,/ P2,/PO,/ P2,/PO,/ NC
TIOCA, TIOCA, TIOCA, TIOCA,
72 80 WDTOVF WDTOVF WDTOVF WDTOVF FWE, EMLE*2
(FWE, EMLE)*? (FWE, EMLE)*? (FWE, EMLE)*? (FWE, EMLE)*2
73 81 RES RES RES RES RES
74 82 NMI NMI NMI NMI Ve
75 83 STBY STBY STBY STBY Vee
11
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Pin No. Pin Name

Flash Memory

Programmer

TFP-120 FP-128 Mode 4*! Mode 5*! Mode 6 Mode 7 Mode
76 84 Vee Vee Vee Vee Vee
77 85 XTAL XTAL XTAL XTAL XTAL
78 86 EXTAL EXTAL EXTAL EXTAL EXTAL
79 87 Ves Ves Ves Ves Ves
80 88 PF./g PF./g PF./g PF./g NC
81 89 Vee Vee Vee Vee Vee
82 90 PF,/AS PF,/AS PF,/AS PF, NC
83 91 RD RD RD PF, NC
84 92 HWR HWR HWR PF, NC
85 93 PF,/LWR PF,/LWR PF,/LWR PF, NC
86 94 PF,/LCAS/ PF,/LCAS/ PF,/LCAS/ PF, NC

WAIT/BREQO WAIT/BREQO WAIT/BREQO
87 95 PF,/BACK PF,/BACK PF,/BACK PF, NC
88 96 PF,/BREQ PF,/BREQ PF,/BREQ PF, NC
89 97 P5,/TxD,/IRQ, P5,/TxD,/IRQ, P5,/TxD,IRQ, P5,/TxD,RQ, NC
90 98 P5,/RxD,/IRQ; P5,/RxD,/IRQ, P5,/RXD,/IRQ, P5,/RXD,RQ; V¢
_ 99 Vss Vss Vss Vss Vss
— 100 Ves Ves Ves Ves Ves
91 101 P5,/SCK2/ P5,/SCK2/ P5,/SCK2/ P5,/SCK2/ NC

IRQ, IRQ, IRQ, IRQ,
92 102 P5,/ADTRG/  P5,/ADTRG/  P5,/ADTRG/  P5,/ADTRG/ NC

IRQ,/WAIT/ IRQ,/WAIT/ IRQ,/WAIT/ IRQ,

BREQO BREQO BREQO
93 103 AV e AV e AV e AV . Vee
94 104 \V \ \ \V Vee
95 105 P4,/AN, P4,/AN, P4,/AN, P4,/AN, NC
96 106 P4,/AN, P4,/AN, P4,/AN, P4,/AN, NC
97 107 P4,/AN, P4,/AN, P4,/AN, P4,/AN, NC
98 108 P4,/AN, P4,/AN, P4,/AN, P4,/AN, NC
99 109 P4,/AN, P4,/AN, P4,/AN, P4,/AN, NC
100 110 P44/AN P44/AN P44/AN P44/AN NC

12
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Pin No. Pin Name
Flash Memory
Programmer
TFP-120 FP-128 Mode 4** Mode 5** Mode 6 Mode 7 Mode
101 111 P4,JANG/DA,  P4JANGJDA,  P4JANJDA, P44/ANJ/DA, NC
102 112 P4,JAN,/ DA, P4,/AN,/DA, P4,AN/DA, P4, /AN/DA, NC
103 113 AV g AV g AV g AV g Ves
104 114 Vs Vs Vs Ves Ves
105 115 P1,/PO,,/ P1,/PO,,/ P1,/PO,,/ P1,/PO,,/ NC
TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/
TCLKD TCLKD TCLKD TCLKD
106 116 P1,/PO,,/ P1,/PO,,/ P1,/PO,,/ P1,/PO,,/ NC
TIOCA, TIOCA, TIOCA, TIOCA,
107 117 P1./PO,,/ P1./PO,,/ P1./PO,,/ P1./PO,,/ NC
TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/
TCLKC TCLKC TCLKC TCLKC
108 118 P1,/PO,,/ P1,/PO,,/ P1,/PO,,/ P1,/PO,,/ NC
TIOCA, TIOCA, TIOCA, TIOCA,
109 119 P1,/PO,,/ P1,/PO,,/ P1,/PO,,/ P1,/PO,,/ NC
TIOCD,/ TIOCD,/ TIOCD,/ TIOCD,/
TCLKB TCLKB TCLKB TCLKB
110 120 P1,/PO,,/ P1,/PO,,/ P1,/PO,,/ P1,/PO,,/ NC
TIOCC,/ TIOCC,/ TIOCC,/ TIOCC,/
TCLKA TCLKA TCLKA TCLKA
111 121 P1,/PO/ P1,/PO/ P1,/PO/ P1,/PO/ NC
TIOCBy/ TIOCBy/ TIOCBy/ TIOCBy/
DACK, DACK, DACK, DACK,
112 122 P1,/PO,/ P1,/PO,/ P1,/PO,/ P1,/PO,/ NC
TIOCAy/ TIOCAy/ TIOCAy/ TIOCAy/
DACK, DACK, DACK, DACK,
113 123 MD, MD, MD, MD, Vgs
114 124 MD, MD, MD, MD, Ves
115 125 MD, MD, MD, MD, Ves
116 126 PG,/CAS PG,/CAS PG,/CAS PG, NC
117 127 PG,/CS, PG,/CS, PG,/CS, PG, NC
118 128 PG,/CS, PG,/CS, PG,/CS, PG, NC
119 1 PG,/CS, PG,/CS, PG,/CS, PG, NC
120 2 PG,/CS, PG,/CS, PG,/CS, PG, NC
13
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Pin No. Pin Name

Flash Memory

Programmer
TFP-120 FP-128 Mode 4*! Mode 5*! Mode 6 Mode 7 Mode
- 3 VSS VSS VSS VSS VSS
— 4 VggNC*3 VggNC*3 VggNC*3 VggNC*3 VggNC*3
Notes: 1. Only modes 4 and 5 are provided in the ROMIless version.
2. The FWE pin applies to the H8S/2328 F-ZTAT version only. The EMLE pin applies to
the H8S/2329 F-ZTAT version only. The WDTOVF pin function is not available in the
F-ZTAT versions.
3. The V4 NC pin is connected to the V¢ pin or released.
14
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1.5

Pin Functions

Table1.3 Pin Functions
Pin No.
Type Symbol TFP-120 FP-128 1/O Name and Function
Power Ve 1, 33, 5, 39, Input  Power supply: For connection to the
52, 76, 58, 84, power supply. All V. pins should be
81 89 connected to the system power
supply.
Vg 6, 15, 3, 10, Input Ground: For connection to ground
24, 38, 19, 28, (0 V). All V¢ pins should be
47, 59, 35, 36, connected to the system power
79,104 44,53, supply (0 V).
65, 67,
68, 87,
99, 100,
114
Clock XTAL 77 85 Input  Connects to a crystal resonator.
See section 18, Clock Pulse
Generator in the Hardware Manual
for typical connection diagrams for a
crystal resonator and external clock
input.
EXTAL 78 86 Input  Connects to a crystal resonator.
The EXTAL pin can also input an
external clock.
See section 18, Clock Pulse
Generator, in the Hardware Manual
for typical connection diagrams for a
crystal resonator and external clock
input.
[ 80 88 Output System clock: Supplies the system

clock to an external device.

HITACHI
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Pin No.
Type Symbol TFP-120 FP-128 1/O Name and Function

Operating mode MD, to 115to 125to Input  Mode pins: These pins set the
control MD, 113 123 operating mode.
The relation between the settings of
pins MD, to MD, and the operating
mode is shown below. These pins
should not be changed while the chip
is operating.

H8S/2328 F-ZTAT version:

Operating
FWE MD, MD, MD, Mode

0 0 0o o0 —

1 R
1 0 —
1 —
1 0O ©O Mode 4
1 Mode 5
1 O Mode 6
1 Mode 7
1 o o0 o0 —
1 —
1 0 Mode 10
1 Mode 11
1 0 0 —
1 R
1 0 Mode 14
1 Mode 15

16
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Type

Symbol

Pin No.

TFP-120 FP-128 1/O

Name and Function

Operating mode MD, to

control

MD,

115to
113

125 to Input
123

Mask ROM and ROMless versions,
and H8S/2329 F-ZTAT version:

Operating
MD, MD, MD, Mode

0 0

Mode 4

Mode 5

Mode 6*
1 Mode 7*

0
1
0
1 —
0
1
0

Note: * Modes 6 and 7 are not
provided in the ROMless
version.

System control

RES

73

81 Input

Reset input: When this pin is driven
low, the chip is reset.

STBY

75

83 Input

Standby: When this pin is driven low,
a transition is made to hardware
standby mode.

88

96 Input

Bus request: Used by an external
bus master to issue a bus request to
the chip.

86, 92

94,102  Output

Bus request output: The external
bus request signal used when an
internal bus master accesses
external space in the external bus-
released state.

BACK

87

95 Output

Bus request acknowledge:
Indicates that the bus has been
released to an external bus master.

HITACHI
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Pin No.

Type Symbol TFP-120 FP-128 1/O Name and Function

System control FWE** 72 80 Input  Flash write enable: Enables/
disables flash memory programming.

EMLE*? 72 80 Input  Emulator enable: For connection to
the power supply (0 V)

Interrupts NMI 74 82 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt. When this pin
is not used, it should be fixed high.

IRQ, to 28t025, 32t029, Input Interrupt request 7 to 0: These pins

IRQ, 2910 32, 33, 34, request a maskable interrupt.

89t092 37,38, 97,
98, 101,
102

Address bus A,; to 28t0 25, 32to29, Output Address bus: These pins output an

A, 23t0 16, 27 to 20, address.

14to7, 18to 11,
5to2 9to 6

Data bus D, to 51t0 48, 57to54, I/O Data bus: These pins constitute a

D, 46t0 39, 52 to 45, bidirectional data bus.

37t034 43to40

Bus control CS, to 29,30, 33,34, Output Chip select: Signals for selecting

CS, 61, 60, 69, 66, areas 7 to 0.

117 to 120 127, 128,
1,2

AS 82 90 Output Address strobe: When this pin is
low, it indicates that address output
on the address bus is enabled.

RD 83 91 Output Read: When this pin is low, it
indicates that the external address
space can be read.

HWR 84 92 Output High write/write enable: A strobe
signal that writes to external space
and indicates that the upper half (D,
to D,) of the data bus is enabled.
The 2-CAS type DRAM write enable
signal.

LWR 85 93 Output Low write: A strobe signal that
writes to external space and
indicates that the lower half (D, to D,)
of the data bus is enabled.

18

HITACHI



Pin No.

Type Symbol TFP-120 FP-128 1/O Name and Function

Bus control CAS 116 126 Output Upper column address strobe/
column address strobe: The 2-CAS
type DRAM upper column address
strobe signal.

LCAS 86 94 Output Lower column address strobe: The
2-CAS type DRAM lower column
address strobe signal.

WAIT 86, 92 94, 102 Input  Wait: Requests insertion of a wait
state in the bus cycle when
accessing external 3-state address
space.

DMA controller DREQ;, 62, 60 70, 66 Input  DMA request 1 and 0: These pins
(DMAC) DREQ, request DMAC activation.

TEND,, 63, 61 71, 69 Output DMA transfer end 1 and 0: These

TEND, pins indicate the end of DMAC data
transfer.

DACK,, 111,112 121,122 Output DMA transfer acknowledge 1 and

DACK, 0: These are the DMAC single
address transfer acknowledge pins.

16-hit timer TCLKD to 105, 107, 115,117, Input Clock input D to A: These pins input
pulse unit TCLKA 109, 110 119, 120 an external clock.
(TPU)

TIOCA,, 112 to 122 to /0 Input capture/output compare

TIOCB,, 109 119 match A0 to DO: The TGROA to

TIOCC,, TGROD input capture input or output

TIOCD, compare output, or PWM output pins.

TIOCA,, 108, 107 118,117 I/O Input capture/output compare

TIOCB, match Al and B1: The TGR1A and
TGR1B input capture input or output
compare output, or PWM output pins.

TIOCA,, 106, 105 116,115 I/O Input capture/output compare

TIOCB, match A2 and B2: The TGR2A and
TGR2B input capture input or output
compare output, or PWM output pins.

TIOCA,, 71t068 79to76 |I/O Input capture/output compare

TIOCB,, match A3 to D3: The TGR3A to

TIOCC,, TGR3D input capture input or output

TIOCD, compare output, or PWM output pins.

HITACHI
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Pin No.

Type Symbol TFP-120 FP-128 1/O Name and Function
16-bit timer TIOCA,, 67, 66 75, 74 1/0 Input capture/output compare
pulse unit TIOCB, match A4 and B4: The TGR4A and
(TPU) TGR4B input capture input or output
compare output, or PWM output pins.
TIOCA,, 65, 64 73,72 110 Input capture/output compare
TIOCB, match A5 and B5: The TGR5A and
TGRG5B input capture input or output
compare output, or PWM output pins.
Programmable PO, to 105 to 115to Output Pulse output 15 to 0: Pulse output
pulse generator PO, 112, 122, pins.
(PPG) 64to71 72to79
8-bit timer TMO,, 65, 64 73,72 Output Compare match output: The
TMO, compare match output pins.
TMCl,, 68, 66 76,74 Input  Counter external clock input: Input
TMCI, pins for the external clock input to the
counter.
TMRI,, 69, 67 77,75 Input  Counter external reset input: The
TMRI, counter reset input pins.
Watchdog WDTOVF*® 72 80 Output Watchdog timer overflow: The
timer (WDT) counter overflow signal output pin in
watchdog timer mode.
Serial TxD,, 89, 54, 97, 60, Output Transmit data (channel 0, 1, 2):
communication TxD,, 53 59 Data output pins.
interface (SCI)/ TxD,
gmart card RxD,, 90, 56, 98, 62, Input  Receive data (channel 0, 1, 2):
interface RxD,, 55 61 Data input pins.
RxD,
SCK,, 91, 58, 101, 64, 1/O Serial clock (channel 0, 1, 2):
SCK,, 57 63 Clock I/O pins.
SCK,
A/D converter AN, to 102 to 112 to Input  Analog 7 to 0: Analog input pins.
AN, 95 105
ADTRG 92 102 Input  A/D conversion external trigger
input: Pin for input of an external
trigger to start A/D conversion.
D/A converter DA,, DA, 102,101 112,111 Output Analog output: D/A converter

analog output pins.

20
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Type

Symbol

Pin No.

TFP-120 FP-128

110

Name and Function

A/D converter
and D/A
converter

AV .

93

103

Input

This is the power supply pin for the
A/D converter and D/A converter.
When the A/D converter and D/A
converter are not used, this pin
should be connected to the system
power supply (+3 V).

AVgq

103

113

Input

This is the ground pin for the A/D
converter and D/A converter.

This pin should be connected to the
system power supply (0 V).

ref

94

104

Input

This is the reference voltage input pin
for the A/D converter and D/A
converter.

When the A/D converter and D/A
converter are not used, this pin
should be connected to the system
power supply (+3 V).

1/0 ports

105 to
112

115+to
122

I/0

Port 1: An 8-bit I/O port. Input or
output can be designated for each bit
by means of the port 1 data direction
register (P1DDR).

64 to 71

72to0 79

I/0

Port 2: An 8-bit I/O port. Input or
output can be designated for each bit
by means of the port 2 data direction
register (P2DDR).

58 to0 53

64 to 59

I/0

Port 3: A 6-bit I/O port. Input or
output can be designated for each bit
by means of the port 3 data direction
register (P3DDR).

P4, to
P4,

102 to
95

112 to
105

Input

Port 4: An 8-bit input port.

P5; to
P5,

92 to 89

102, 101,
98, 97

I/0

Port 5: A 4-bit I/O port. Input or
output can be designated for each bit
by means of the port 5 data direction
register (P5DDR).

HITACHI
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Pin No.

Type Symbol TFP-120 FP-128 1/O Name and Function
1/0O ports P6, to 291032, 33,34, 1/0 Port 6: An 8-bit I/O port. Input or
P6, 63to 60 37, 38, output can be designated for each bit
71 to 69, by means of the port 6 data direction
66 register (P6DDR).
PA, to 28to0 25, 32to29, 1/O Port A: An 8-bit I/O port. Input or
PA, 23t020 27to24 output can be designated for each bit
by means of the port A data direction
register (PADDR).
PB, to 19to 16, 23to 20, I/O Port B**: An 8-hit I/O port. Input or
PB, 14to 11 18to 15 output can be designated for each bit
by means of the port B data direction
register (PBDDR).
PC, to 10to7, 14to11, 1/O Port C**: An 8-bit I/O port. Input or
PC, 5t02 9t0 6 output can be designated for each bit
by means of the port C data direction
register (PCDDR).
PD, to 51to48, 57to54, 1/O Port D**: An 8-bit I/O port. Input or
PD, 46t043 52t049 output can be designated for each bit
by means of the port D data direction
register (PDDDR).
PE, to 421039, 48to45, 1/0 Port E: An 8-bit I/O port. Input or
PE, 37t034 43t040 output can be designated for each bit
by means of the port E data direction
register (PEDDR).
PF, to 80, 88, 1/0 Port F: An 8-bit I/O port. Input or
PF, 82t088 90to 96 output can be designated for each bit
by means of the port F data direction
register (PFDDR).
PG, to 120 to 2,1, 110 Port G: A 5-bit I/O port. Input or
PG, 116 128 to output can be designated for each bit
126 by means of the port G data direction
register (PGDDR).
Notes: 1. Applies to the H8S/2328 F-ZTAT version only.
2. Applies to the H8S/2329 F-ZTAT version only.
3. Not available in the F-ZTAT version.
4. Cannot be used as an I/O port in the ROMIless version.
22
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1.6 Product Lineup

Tablel4 HB8S/2329, H8S/2328 Series Product Lineup
Product Type Model Marking Package (Hitachi Package Code)
H8S/2329*  F-ZTAT™  HDG64F2329 HD64F2329VTE 120-pin TQFP (TFP-120)
version HD64F2329VF  128-pin QFP (FP-128)
H8S/2328  Mask ROM HD6432328 HD6432328TE  120-pin TQFP (TFP-120)
version HD6432328F 128-pin QFP (FP-128)
F-ZTAT™  HD64F2328 HDG64F2328VTE 120-pin TQFP (TFP-120)
version HD64F2328VF  128-pin QFP (FP-128)
H8S/2327  Mask ROM HD6432327 HD6432327TE  120-pin TQFP (TFP-120)
version HD6432327F  128-pin QFP (FP-128)
H8S/2324* ROMless  HD6412324 HD6412324VTE 120-pin TQFP (TFP-120)
version HD6412324VF  128-pin QFP (FP-128)
H8S/2323  Mask ROM HD6432323 HD6432323TE  120-pin TQFP (TFP-120)
version HD6432323F 128-pin QFP (FP-128)
H8S/2322R  ROMless  HD6412322R HD6412322RVTE 120-pin TQFP (TFP-120)
version HD6412322RVF  128-pin QFP (FP-128)
H8S/2320  ROMless  HD6412320 HD6412320VTE 120-pin TQFP (TFP-120)
version HD6412320VF  128-pin QFP (FP-128)

Note: * Under development

HITACHI
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1.7 Package Dimensions

16.0+0.2

114

16.0+£0.2

1.20 Max

*Dimension including the plating thickness
Base material dimension

*0.17 £ 0.05
0.15+0.04

Unit: mm

0.10+0.10

Hitachi Code TFP-120
JEDEC —

EIAJ Conforms
Weight (reference value)| 0.5g

Figure 1.4 TFP-120 Package Dimensions
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) 22.0+0.2 |
20 |
102 65‘
103 64
[qV}
o
n
3
[{e] Y
< !
1 12850 39
a 1 38

3.15 Max

Unit: mm

Note: There are two kinds of PFP index
indications, (A) and (B).

*0.17 + 0.05
0.15+0.04

(B) 22.0+0.2 |

16.0+0.2

—

Q) (B)

Detail of index area

*Dimension including the plating thickness
Base material dimension

05:02|

1.0

0.75_,

Lﬁg o 10°

813 1.0

=)=}

H| H 0.75_,

N~

g ———

2y° OO Voo s
i ﬁL 0" 10

05+0.2

Hitachi Code FP-128

JEDEC —

EIAJ —

Weight (reference value)| 1.7 g

Figurel5 FP-128 Package Dimensions
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Section 2 MCU Operating Modes

2.1 Overview

211 Operating Mode Selection (H85/2328 F-ZTAT Version)

This version has eight operating modes (modes 4 to 7, 10, 11, 14 and 15). These modes are
determined by the mode pin (MD, to MD,) and flash write enable pin (FWE) settings. The CPU
operating mode and initial bus width can be selected as shown in table 2.1.

Table 2.1 lists the MCU operating modes.

Table2.1 MCU Operating Mode Selection (H8S/2328 F-ZTAT Version)

External Data

MCU CPU Bus
Operating Operating On-Chip Initial Max.
Mode FWE MD, MD, MD, Mode Description ROM Value Value
0 0 0 0 0 — — — — —

1 1

2 1 0

3 1

4 1 0 0 Advanced Expanded mode with Disabled 16 bits 16 bits
5 1 on-chip ROM disabled 8 bits 16 bits
6 1 0 Expanded mode with  Enabled 8 bits 16 bits

on-chip ROM enabled

7 1 Single-chip mode — —

8 1 0 0 0 — — — — —
T

10 1 0 Advanced Boot mode Enabled 8 bits 16 bits

11 1 - =

12 1 0 0 — — — — —

13 1

14 1 0 Advanced User program mode Enabled 8 bits 16 bits

15 1 — —

The CPU's architecture allows for 4 Gbytes of address space, but this version actually accesses a
maximum of 16 Mbytes.
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Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral
devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-bit or 16-hit address space can be set for each area, depending on the bus
controller setting. If 16-bit access is selected for any one area, 16-bit bus mode is set; if 8-bit
accessis selected for al areas, 8-bit bus modeis set. Note that the functions of each pin depend on
the operating mode.

Modes 10, 11, 14, and 15 are boot modes and user program modes in which the flash memory can
be programmed and erased. For details, see section 17, ROM, in the Hardware Manual .

This version can only be used in modes 4 to 7, 10, 11, 14, and 15. This means that the flash write
enable pin and mode pins must be set to select one of these modes.

Do not change the inputs at the mode pins during operation.
212 Operating M ode Selection (Mask ROM and ROM less Versions, and
H8S/2329 F-ZTAT Version)

These versions have four operating modes (modes 4 to 7). The operating mode is determined by
the mode pins (MD, to MD,). The CPU operating mode, enabling or disabling of on-chip ROM,
and theinitial bus width setting can be selected as shown in table 2.2.

Table 2.2 lists the MCU operating modes.

Table2.2 MCU Operating Mode Selection (Mask ROM and ROMless Versions, and
H8S/2329 F-ZTAT Version)

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD, MD, MD, Mode Description ROM Value Value

0 0 0 0 — — — — —

1 1

2 1 0

3 1

4* 1 0 0 Advanced Expanded mode with  Disabled 16 bits 16 bits

o 1 on-chip ROM disabled 8 bits 16 bits

6 1 0 Expanded mode with  Enabled 8 hits 16 bits
on-chip ROM enabled

7 1 Single-chip mode — —

Note: * Only modes 4 and 5 are provided in the ROMless version.
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The CPU's architecture alows for 4 Ghytes of address space, but these versions actually access a
maximum of 16 Mbytes.

Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral
devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-bit or 16-bit address space can be set for each area, depending on the bus
controller setting. If 16-bit accessis selected for any one area, 16-bit bus mode is set; if 8-bit
accessis selected for all areas, 8-bit bus modeis set. Note that the functions of each pin depend on
the operating mode.

These versions can only be used in modes 4 to 7. This means that the mode pins must be set to
select one of these modes. However, note that only mode 4 or 5 can be set for the ROMless
version.

Do not change the inputs at the mode pins during operation.

213 Register Configuration

The H85/2329 and H85/2328 Series have amode control register (MDCR) that indicates the
inputs at the mode pins (MD, to MD,), and a system control register (SY SCR) and a system
control register 2 (SY SCR2)*? that control the operation of the chip. Table 2.3 summarizes these
registers.

Table2.3 Registers

Name Abbreviation R/W Initial Value Address**
Mode control register MDCR R Undefined H'FF3B
System control register SYSCR R/W H'01 H'FF39
System control register 2**>  SYSCR2 R/W H'00 H'FF42

Notes: 1. Lower 16 bits of the address.

2. The SYSCR?2 register can only be used in the F-ZTAT version. In the mask ROM and
ROMless versions this register will return an undefined value if read, and cannot be
modified.
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2.2 Register Descriptions

221 Mode Control Register (MDCR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | — | MDs2| MDS1 | MDSO |
Initial value : 1 0 0 0 0 —* —* —*
RIW S — — — — R R R

Note: * Determined by pins MD, to MD,,.

MDCR is an 8-hit read-only register that indicates the current operating mode of the H85/2328
Series chip.

Bit 7—Reserved: Thisbit isawaysread as 1, and cannot be modified.
Bits 6 to 3—Reserved: These bits are always read as 0, and cannot be modified.

Bits 2 to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the input levels at pins
MD, to MDj, (the current operating mode). Bits MDS2 to MDSO0 correspond to pins MD, to MD,,
MDS2 to MDSO are read-only bits, and cannot be written to. The mode pin (MD, to MD,) input
levels are latched into these bits when MDCR isread. These latches are canceled by areset.

222 System Control Register (SYSCR)

Bit L7 6 5 4 3 2 1 0

. — | — | INTML | INTMO | NMIEG | LWROD| IRQPAS| RAME |
Initial value : 0 0 0 0 0 0 0 1
RIW . RW — RW RW RW RW RW  RW

Bit 7—Reserved: Only 0 should be written to this bit.
Bit 6—Reserved: Thisbit is alwaysread as 0, and cannot be modified.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM 1, INTMO0): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 3.4.1,
Interrupt Control Modes and I nterrupt Operation, in the Hardware Manual.
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Bit 5 Bit 4 Interrupt Control
INTM1 INTMO Mode Description

0 0 0 Control of interrupts by | bit (Initial value)

1 — Setting prohibited
1 0 2 Control of interrupts by 12 to 10 bits and IPR
1

— Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selectsthe valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bit 2—LWR Output Disable (LWROD): Enables or disablesLWR outpuit.

Bit 2

LWROD Description

0 PF, is designated as LWR output pin (Initial value)
1 PF, is designated as I/O port, and does not function as LWR output pin

Bit 1—IRQ Port Switching Select (IRQPAS): Selects switching of input pins for IRQ, to IRQ,.
IRQ, to IRQ, input is always performed from one of the ports.

Bit 1

IRQPAS Description

0 PA, to PA, are used for IRQ, to IRQ, input (Initial value)
1 P5, to P5, are used for IRQ, to IRQ, input

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized when the reset state isreleased. It isnot initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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223 System Control Register 2 (SYSCR2) (F-ZTAT Version Only)

Bit : 7 6 5 4 3 2 1 0
e e e e e

Initial value : 0 0 0 0 0 0 0 0

R/W : — — — — R/W — — —

SYSCR2 is an 8-hit readabl e/writable register that performs on-chip flash memory control.
SYSCR2 isinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 to 4—Reserved: These bits are always read as 0, and cannot be modified.

Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU access to the flash
memory control registers (FLMCR1, FLMCR2, EBR1, and EBR?2). For details, see section 17,
ROM, in the Hardware Manual.

Bit 3
FLSHE Description
0 Flash control registers are not selected for addresses H'FFFFC8 to H'FFFFCB
(Initial value)
1 Flash control registers are selected for addresses H'FFFFC8 to H'FFFFCB

Bits 2 to 0—Reserved: These bits are always read as 0. Only 0 should be written to these hits.
2.3 Operating Mode Descriptions

231 Modes1to 3

Modes 1 to 3 are not supported in the H8S/2329 and H8S/2328 Series, and must not be set.

232 Mode 4 (Expanded Mode with On-Chip ROM Disabled)
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports A, B, and C function as an address bus, port D functions as a data bus, and part of port F
carries bus control signals.

Theinitial bus mode after areset is 16 bits, with 16-bit accessto al areas. However, note that if
8-hit access is designated by the bus controller for all areas, the bus mode switches to 8 hits.
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233 Mode 5 (Expanded M ode with On-Chip ROM Disabled)
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM s disabled.

Ports A, B, and C function as an address bus, port D functions as a data bus, and part of port F
carries bus control signals.

The initial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if at
least one areais designated for 16-bit access by the bus controller, the bus mode switchesto 16
bits and port E becomes a data bus.

234 Mode 6 (Expanded M ode with On-Chip ROM Enabled)
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Ports A, B, and C function as input portsimmediately after areset. These pins can be set to output
addresses by setting the corresponding bitsto 1 in pin function control register 1 (PFCR1) in the
case of ports A and B, or in the data direction register (DDR) for port C. Port D functions as a data
bus, and part of port F carries bus control signals.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if at
least one areais designated for 16-bit access by the bus controller, the bus mode switchesto 16
bits and port E becomes adata bus.

235 Mode 7 (Single-Chip M ode)

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
but external addresses cannot be accessed.

All 1/O ports are available for use as input/output ports.

2.3.6 Modes8 and 9

Modes 8 and 9 are not supported and must not be set.

237 Mode 10 (H8S/2328 F-ZTAT Version Only)
Thisisaflash memory boot mode. For details, see section 17, ROM, in the Hardware Manual.

Except for the fact that flash memory programming and erasing can be performed, operation in
this mode is the same as in advanced expanded mode with on-chip ROM enabled.
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2.38 Mode 11 (H8S/2328 F-ZTAT Version Only)
Thisis aflash memory boot mode. For details, see section 17, ROM, in the Hardware Manual.

Except for the fact that flash memory programming and erasing can be performed, operation in
this mode is the same as in advanced single-chip mode.

2.39 Modes 12 and 13

Modes 12 and 13 are not supported and must not be set.

2310 Model14 (H8S/2328 F-ZTAT Version Only)

Thisisaflash memory user program mode. For details, see section 17, ROM, in the Hardware
Manual.

Except for the fact that flash memory programming and erasing can be performed, operation in
this mode is the same as in advanced expanded mode with on-chip ROM enabled.

2311 Mode 15 (H8S/2328 F-ZTAT Version Only)

Thisis aflash memory user program mode. For details, see section 17, ROM, in the Hardware
Manual.

Except for the fact that flash memory programming and erasing can be performed, operation in
this mode is the same as in advanced single-chip mode.
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24 Pin Functionsin Each Operating Mode

The pin functions of ports A to F vary depending on the operating mode. Table 2.4 shows their

functions in each operating mode.

Table2.4 Pin Functionsin Each Mode

Mode Mode Mode Mode Mode Mode Mode Mode
Port 4 5 6*?2 7*2 10*%3 11*3 14*3 15%3
Port A PA, toPA, P*YA P*Y/A P*Y/A P P*Y/A P P*Y/A P
PA,to PA, A A
Port B A A P*YA P P*YA P P*YA P
Port C A A P*YA P P*YA P P*YA P
Port D D D D P D P D P
Port E P/ID**  P*YD P*YD P P*D P P*D P
PortF  PF, P/C**  P/C*'  P/C*' P*YC P/C*' P*YC P/IC*' P*'C
PF, pP/C**  p/C** P/C** P pP/IC** P pP/IC** P
PF.to PF, C C C C C
PF, pP/C** P/C** pP/C** pP/C** pP/C**
PF,to PF, P*YC P*C P*C Pryc Pryc
Legend
P: I/O port
A: Address bus output
D: Data bus I/O
C: Control signals, clock I/O
Notes: 1. After reset
2. Setting is prohibited in the ROMless version.
3. Setting prohibited except in case of the H8S/2328 F-ZTAT.
25 Memory Map in Each Operating Mode
Figures 2.1 to 2.7 show memory maps for each of the operating modes.
The address space is 16 Mbytes.
The address space is divided into eight areas.
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Modes 4 and 5 Mode 6 Mode 7

(advanced expanded modes (advanced expanded mode (advanced single-chip
with on-chip ROM disabled) with on-chip ROM enabled) mode)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
H'010000 [ H'010000 [
External address On-chip ROM/ On-chip ROM/
space external address reserved area’?"®
space”!
H'060000 N H'060000 N H'060000 N
Reseved area™ Reseved area™ P —— Reseved area™
H'080000 J-External address_ H'080000 _ External address_|
1 space T - space -
H'FF7400 | Reseved area™ H'FF7400 | Reseved area™ H'FF7400 | Reseved area™
H'FF7C00 H'FF7C00 H'FF7C00
On-chip RAM™® On-chip RAM"3 On-chip RAM
H'FFFBFF
H'FFFCOO0 | External address H'FFFCO00 | External address
space space
H'FFFE50 Internal H'FFFE50 Internal H'FFFES0 Internal
I/0O registers I/O registers H'FFFFO7 1/0 registers
H'FFFFO8 | External address H'FFFF0O8 | External address
space space
H'FFFF28 Internal H'FFFF28 Internal H'FFFF28 Internal
H'EEEEEE I/O registers H'EEEEEE I/O registers HFEEEEE | VO registers
Notes: External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.

1
2. Reserved area when EAE =1 in BCRL; on-chip ROM when EAE = 0.

3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

4, Access to the reserved areas H'060000 to H'07FFFF and H'FF7400 to H'FF7BFF is prohibited.
5. Do not access a reserved area.

Figure2.1 H8S/2329 Memory Map in Each Operating M ode
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Modes 4 and 5

(advance

with on-chip ROM disabled)

d expanded modes

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

Mode 7

(advanced single-chip

H'000000

H'010000

H'O3FFFF

H'FFDCO00

H'FFFBFF

H'FFFE50
H'FFFFO7

H'FFFF28
H'FFFFFF

mode)

On-chip ROM

On-chip ROM/
reserved area”?"4

On-chip RAM

Internal
1/O registers

Internal

1/0 registers

H'000000 H'000000
On-chip ROM
External address VAAAAAA [T
space H'010000
On-chip ROM/
external address
space”!
o N H040000 _ External address_|
1 T e space -
H'FFDCO00 H'FFDCO00
On-chip RAM"3 On-chip RAM"3
H'FFFCOO0 | External address H'FFFCO00 | External address
space space
H'FFFES0 Internal H'FFFES0 Internal
1/O registers 1/0 registers
H'FFFFO8 | External address H'FFFFO8 | External address
space space
H'FFFF28 Internal H'FFFF28 Internal
H'EEFEEE I/O registers H'EEEEEE I/O registers
Notes: 1. External addresses when EAE =1 in BCRL; on-chip ROM when EAE = 0.
2. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
4. Do not access a reserved area.

Figure2.2 H8S/2328 Memory Map in Each Operating Mode
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Mode 10 Boot Mode Mode 11 Boot Mode

(advanced expanded mode (advanced single-chip
with on-chip ROM enabled) mode)
H'000000 H'000000
On-chip ROM On-chip ROM
H010000 [ H010000 [
O”‘Chilp 'zdo'v" On-chip ROM/
externa a*lress reserved area’>*4
space
H'03FFFF
H'040000 | gyternal address
=~ space =~
H'FFDCO00 H'FFDCO00
On-chip RAM"3 On-chip RAM"3
H'FFFBFF
H'FFFCO00 | External address
space
H'FFFES0 Internal H'FFFES0 Internal
I/O registers H'FFFFO7 I/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal H'FFFF28 Internal
H'EFEEFE| /O registers HEEEEEE | /O registers

Notes: 1. External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
2. Reserved area when EAE =1 in BCRL; on-chip ROM when EAE = 0.
3. On-chip RAM is used for flash memory programming. Do not clear the RAME bit in
SYSCR to 0.
4. Do not access a reserved area.

Figure2.2 H8S/2328 Memory Map in Each Operating M ode (cont)
(F-ZTAT Version Only)
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Notes: 1.
2.
3.

4.

Mode 14 User Program Mode Mode 15 User Program Mode

(advanced expanded mode (advanced single-chip
with on-chip ROM enabled) mode)
H'000000 H'000000
On-chip ROM On-chip ROM
H010000 [ H010000 [
O”‘Chilp '3(?'\"’ On-chip ROM/
externa a*lress reserved area’2*4
space
H'03FFFF
H'040000 | gyternal address
=~ space ==
H'FFDCO00 H'FFDCO00
On-chip RAM"3 On-chip RAM"3
H'FFFBFF
H'FFFCO00 | External address
space
H'FFFES0 Internal H'FFFES0 Internal
I/O registers H'FFFFO7 I/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal H'FFFF28 Internal
H'EFFEFE| /O registers H'EEEEEE | /O registers

External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.

On-chip RAM is used for flash memory programming. Do not clear the RAME bit in
SYSCR to 0.

Do not access a reserved area.

Figure2.2 H8S/2328 Memory Map in Each Operating M ode (cont)
(F-ZTAT Version Only)
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Modes 4 and 5 Mode 6 Mode 7
(advanced expanded modes (advanced expanded mode (advanced single-chip
with on-chip ROM disabled) with on-chip ROM enabled) mode)

H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
Fxternal address Ho10000 | T Ho10000 [ T
P External address Reserved area/
space/on-chip on-chip ROM*3*5
ROM"?
H'020000 |---------------- H'020000 f----------oo--
External address .
space/reserved Reserved area
area’®"®
H'03FFFF
= = H'040000 _ External address_|
1 T e space -
H'FFDCO00 H'FFDCO00 H'FFDCO00
On-chip RAM™ On-chip RAM™ On-chip RAM
H'FFFBFF
H'FFFCOO0 | External address H'FFFCOO0 | External address
space space
H'FFFE50 Internal H'FFFE50 Internal H'FFFE50 Internal
I/0 registers I/O registers H'EFFFO7 I/0 registers
H'FFFFO8 | External address H'FFFF0O8 | External address
space space
H'FFFF28 Internal H'FFFF28 Internal H'FFFF28 Internal
H'EEFEEE I/O registers H'EEEEEE I/O registers H'FEFEFF I/O registers
Notes: 1. External addresses when EAE =1 in BCRL; on-chip ROM when EAE = 0.
2. External addresses when EAE =1 in BCRL; reserved area when EAE = 0.
3. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
4. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
5. Do not access a reserved area.
Figure2.3 H8S/2327 Memory Map in Each Operating M ode
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000
External address
space
H'FF7C00
On-chip RAM*
H'FFFCOO0 | External address
space
H'FFFE50 Internal
1/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'EFEEFF 1/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure2.4 H8S/2324 Memory Map in Each Operating Mode
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Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

N

H'000000
External address
space
H'FFDCO00
On-chip RAM"2
H'FFFCOO0 | External address
space
H'FFFE50 Internal
1/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'FFFFFF 1/0 registers

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000
On-chip ROM
HoO08000 |
Reserved area”
Ho10000 [
External address
space/reserved
area’t"3
H040000 | External address_|
= space 1
H'FFDCO00
On-chip RAM2
H'FFFCOO0 | External address
space
H'FFFES50 Internal
1/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
HFFFFFF | /O registers

Mode 7

(advanced single-chip

H'000000

H'008000

H'010000

H'O3FFFF

H'FFDCO00

H'FFFBFF

H'FFFE50
H'FFFFO7

H'FFFF28
H'FFFFFF

mode)

On-chip ROM

Reserved area™

On-chip RAM

Internal
1/0 registers

Internal

1/0 registers

Notes: 1. External addresses when EAE =1 in BCRL; reserved area when EAE = 0.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
3. Do not access a reserved area.

Figure2.5 H8S2323 Memory Map in Each Operating M ode
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000
External address
space
H'FFDCO00
On-chip RAM*
H'FFFCOO0 | External address
space
H'FFFE50 Internal
1/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'EFEEFF 1/O registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure2.6 H8S/2322 Memory Map in Each Operating Mode
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000
External address
space
HFFDCO00 Reserved area
HFFECOO|
On-chip RAM*2
H'FFFCOO0 | External address
space
H'FFFE50 Internal
1/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'FFFEFF 1/0 registers

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. Do not access a reserved area.

Figure2.7 H8S2320 Memory Map in Each Operating M ode
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Section 3 Exception Handling and Interrupt Controller

3.1 Overview

311 Exception Handling Typesand Priority

Astable 3.1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 3.1. If two or more exceptions occur
simultaneously, they are accepted and processed in order of priority. Trap instruction exceptions
are accepted at all timesin the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM1 bitsin SY SCR.

For details of exception handling and the interrupt controller, see section 2, Exception Handling,
and section 3, Interrupt Controller, in the Hardware Manual.

Table3.1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling

High Reset Starts after a low-to-high transition at the RES pin, or when
the watchdog timer overflows

Trace*! Starts when execution of the current instruction or exception
handling ends, if the trace (T) bit is setto 1

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued**

Trap instruction*® Started by execution of a trap instruction (TRAPA)
Low (TRAPA)

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.
2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.
3. Trap instruction exception handling requests are accepted at all times in the program
execution state.
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3.2 Interrupt Controller

321 Interrupt Controller Features

Two interrupt control modes

O Either of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin
the system control register (SY SCR).

Priorities settable with IPRs

O Interrupt priority registers (IPRs) are provided for setting interrupt priorities. Eight priority
levels can be set for each module for al interrupts except NMI.

O NMI isassigned the highest priority level of 8, and can be accepted at al times.

Independent vector addresses

O All interrupt sources are assigned independent vector addresses, making it unnecessary for
the source to be identified in the interrupt handling routine.

Nine external interrupt pins

O NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI.

0 Falling edge, rising edge, or both edge detection, or level sensing, can be selected
independently for IRQ; to IRQ,.

DTC and DMAC control
00 DTCand DMAC activation is controlled by means of interrupts.

322 Pin Configuration

Table3.2 Interrupt Controller Pins

Name Symbol /0 Function

Nonmaskable interrupt NMI Input Nonmaskable external interrupt;

rising or falling edge can be
selected

External interrupt requests 7to 0 IRQ, to IRQ, Input Maskable external interrupts; rising,

falling, or both edges, or level
sensing, can be selected
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3.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ, to IRQ,) and internal interrupts (52
Sources).

331 External Interrupts

There are nine external interrupts: NMI and IRQ; to IRQ,. The pins that can be used for IRQ, to
IRQ, interrupt input can be switched by means of the IRQPAS bit in SY SCR. NMI and IRQ; to
IRQ, can be used to restore the chip from software standby mode. (IRQ; to IRQ; can be used as
software standby mode clearing sources by setting the IRQ37S bitin SBYCR to 1.)

NMI Interrupt: NMI isthe highest-priority interrupt, and is always accepted by the CPU
regardless of the status of the CPU interrupt mask bits. The NMIEG bit in SY SCR can be used to
select whether an interrupt is requested at arising edge or afalling edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

Interrupts IRQ, to IRQ,: Interrupts IRQ, to IRQ, are requested by an input signal at pins IRQ, to
IRQ,. Interrupts IRQ; to IRQ, have the following features:

¢ Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ; to IRQ,,

e Enabling or disabling of interrupt requests IRQ, to IRQ, can be selected with IER.

e Theinterrupt priority level can be set with the IPR registers.

e The status of interrupt requests IRQ, to IRQ, isindicated in ISR. ISR flags can be cleared to O
by software.

A block diagram of interrupts IRQ, to IRQ, is shown in figure 3.1.

IRQNE

IRQNSCA, IRQNSCB
‘ IRQNF
Edge/level D—» IRQ, interrupt
40% detection [——®™S Q request
— circuit
IRQ, R
input

Clear signal

Note: n=71t00

Figure3.1 Block Diagram of InterruptsIRQ,to IRQ,
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Figure 3.2 shows the timing of IRQNF setting.

o | 0 b = 7 L |

IRQ, input
pin \

IRQNF |

Figure3.2 Timing of IRQNF Setting
The vector numbers for IRQ; to IRQ, interrupt exception handling are 23 to 16.

Detection of IRQ; to IRQ, interrupts does not depend on whether the relevant pin has been set for
input or output. When apin isused as an external interrupt input pin, clear the corresponding DDR
bit to 0 and do not use the pin as an 1/O pin for another function. Interrupts IRQ, to IRQ, can be
input at pins PA, to PA , when the IRQPAS bit in SYSCR is cleared to 0, and at pins P5, to P5,
when the IRQPAS bit isset to 1.

332 Internal Interrupts
There are 52 sources for internal interrupts from on-chip supporting modules.

1. For each on-chip supporting module there are flags that indicate the interrupt request status,
and enabl e bits that select enabling or disabling of these interrupts. If any one of theseis set to
1, an interrupt request isissued to the interrupt controller.

2. Theinterrupt priority level can be set by means of the IPR registers.

3. The DMAC and DTC can be activated by a TPU, SCI, or other interrupt request. When the
DMAC or DTC is activated by an interrupt, the interrupt control mode and interrupt mask bits
have no effect.

333 Interrupt Exception Vector Table

Table 3.3 shows interrupt sources, vector addresses, and interrupt priorities. For default priorities,
the lower the vector number, the higher the priority. The DMAC or DTC can be activated by an
interrupt request.

Priorities among modules can be set by means of the IPR registers. The situation when two or
more modules are set to the same priority, and priorities within amodule, are fixed as shown in
table 3.3.
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Table3.3 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Origin of DTC DMAC
Interrupt  Vector Vector Activa- Activa-
Interrupt Source Source Number Address* IPR Priority tion tion
Power-on reset 0 H'0000 — High — —
Reserved 1 H'0004 A
Reserved for system 2 H'0008
use 3 H'000C
4 H'0010
Trace 5 H'0014
Reserved for system 6 H'0018
use
NMI External 7 H'001C
pin
Trap instruction 8 H'0020
(4 sources) H'0024
10 H'0028
11 H'002C
Reserved for system 12 H'0030
use 13 H'0034
14 H'0038
15 H'003C
IRQ, External 16 H'0040 IPRAG to O —
pin IPRA4
IRQ, 17 H'0044 IPRA2 to O —
IPRAO
IRQ, 18 H'0048 IPRB6 to O —
IRQ, 19 Hoosc  IPRB4 O —
IRQ, 20 H'0050 IPRB2 to O —
IRQ, 21 Hoos4  IPRBO O —
IRQ, 22 H'0058 IPRC6 to O —
IRQ, 23 Hoosc  PRC4 145y O —

HITACHI
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Origin of DTC DMAC
Interrupt  Vector Vector Activa- Activa-
Interrupt Source Source Number Address* IPR Priority tion tion
SWDTEND (software- DTC 24 H'0060 IPRC2 to High O —
activated data transfer IPRCO A
end)
WOVI (interval timer)  Watchdog 25 H'0064 IPRD6 to — —
timer IPRD4
CMI (compare match) Refresh 26 H'0068 IPRD2 to — —
controller IPRDO
Reserved — 27 H'006C IPRES6 to — —
IPRE4
ADI (A/D conversion  A/D 28 H'0070 IPRE2 to O O
end) IPREO
Reserved — 29 H'0074 — —
30 H'0078
31 H'007C
TGIOA (TGROA input  TPU 32 H'0080 IPRF6 to O O
capture/compare channel 0 IPRF4
match)
TGIOB (TGROB input 33 H'0084 O —
capture/compare
match)
TGIOC (TGROC input 34 H'0088 O —
capture/compare
match)
TGIOD (TGROD input 35 H'008C O —
capture/compare
match)

TCIOV (overflow 0) 36 H'0090 — —
Reserved — 37 H'0094 — —
38 H'0098

39 H'009C Low
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Origin of DTC DMAC

Interrupt  Vector Vector Activa- Activa-
Interrupt Source Source Number Address* IPR Priority tion tion
TGI1A (TGR1A input  TPU 40 H'00A0 IPRF2to High O O
capture/compare channel 1 IPRFO A
match)
TGI1B (TGR1B input 41 H'00A4 O —
capture/compare
match)
TCI1V (overflow 1) 42 H'00A8 — —
TCI1U (underflow 1) 43 H'00AC — —
TGI2A (TGR2A input  TPU 44 H'00B0O IPRGS6 to O O
capture/compare channel 2 IPRG4
match)
TGI2B (TGR2B input 45 H'00B4 O —
capture/compare
match)
TCI2V (overflow 2) 46 H'00B8 — —
TCI2U (underflow 2) a7 H'00BC — —
TGI3A (TGR3A input  TPU 48 H'00CO IPRG2 to O O
capture/compare channel 3 IPRGO
match)
TGI3B (TGR3B input 49 H'00C4 O —
capture/compare
match)
TGI3C (TGR3C input 50 H'00C8 O —
capture/compare
match)
TGI3D (TGR3D input 51 H'00CC O —
capture/compare
match)
TCI3V (overflow 3) 52 H'00DO — —
Reserved — 53 H'00D4 — —

54 H'00D8
55 H'00DC Low
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Origin of DTC DMAC
Interrupt  Vector Vector Activa- Activa-
Interrupt Source Source Number Address* IPR Priority tion tion
TGI4A (TGR4A input  TPU 56 H'00EO IPRH6 to High O O
capture/compare channel 4 IPRH4 A
match)
TGI4B (TGR4B input 57 H'O0E4 O —
capture/compare
match)
TCIl4V (overflow 4) 58 H'0O0E8 — —
TCl4U (underflow 4) 59 H'00EC — —
TGI5A (TGR5A input  TPU 60 H'00FO0 IPRH2 to O O
capture/compare channel 5 IPRHO
match)
TGI5B (TGR5B input 61 H'00F4 O —
capture/compare
match)
TCI5V (overflow 5) 62 H'O0F8 — —
TCI5U (underflow 5) 63 H'00FC — —
CMIAO (compare 8-bit timer 64 H'0100 IPRIG to O —
match A) channel 0 IPRI4
CMIBO (compare 65 H'0104 O —
match B)
OVIO0 (overflow 0) 66 H'0108 — —
Reserved — 67 H'010C — —
CMIA1 (compare 8-bit timer 68 H'0110 IPRI2 to O —
match A) channel 1 IPRIO
CMIB1 (compare 69 H'0114 O —
match B)
OVI1 (overflow 1) 70 H'0118 — —
Reserved — 71 H'011C Low — —
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Origin of DTC DMAC
Interrupt  Vector Vector Activa- Activa-

Interrupt Source Source Number Address* IPR Priority tion tion
DENDOA (channel DMAC 72 H'0120 IPRJ6to High O —
0O/channel OA transfer IPRJ4 A
end)
DENDOB (channel 0B 73 H'0124 O —
transfer end)
DEND1A (channel 74 H'0128 O —
1/channel 1A transfer
end)
DEND1B (channel 1B 75 H'012C O —
transfer end)
Reserved — 76 H'0130 — —

77 H'0134

78 H'0138

79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ2 to — —
RXI0 (reception channel0 g9 Ho144  'PRJO O O
complete 0)
TXIO (transmit data 82 H'0148 O O
empty 0)
TEIO (transmit end 0) 83 H'014C — —
ERI1 (receive error 1) SCI 84 H'0150 IPRKS6 to — —
RXI1 (reception channell g5 Ho154  PRK4 O O
complete 1)
TXI1 (transmit data 86 H'0158 O O
empty 1)
TEI1 (transmit end 1) 87 H'015C — —
ERI2 (receive error 2) SCI 88 H'0160 IPRK2 to — —
RXI2 (reception channel 2 gg Ho1e4  IPRKO O —
complete 2)
TXI2 (transmit data 90 H'0168 O —
empty 2)
TEI2 (transmit end 2) 91 H'016C Low — —
Note: * Lower 16 bits of the start address.
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34 Interrupt Control Modes and Interrupt Operation

Interrupt operations in the H8S/2329 and H85/2328 Series differ depending on the interrupt
control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to O disables the corresponding interrupt request. Interrupt
sources for which the enable bit is set to 1 are controlled by the interrupt controller.

Theinterrupt control modes are shown in table 3.4, the interrupts selected in each interrupt control
mode in tables 3.5 and 3.6, and operations and control signal functionsin each interrupt control
modein table 3.7.

Theinterrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in the IPR registers, and the masking
state indicated by the | bit in the CPU’'s CCR and bits12to 10 in EXR.

Table3.4 Interrupt Control Modes

Interrupt Priority

Control SYSCR Setting Interrupt

Mode INTM1 INTMO Registers Mask Bits Description

0 0 0 — | Interrupt mask control is performed by
the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control is
performed by bits 12 to 10.
8 priority levels can be set with IPR.

— 1 — — Setting prohibited

Table3.5 InterruptsSelected in Each Interrupt Control Mode (1)

Interrupt Control Interrupt Mask Bits

Mode | Selected Interrupts
0 0 All interrupts
1 NMI interrupts

*

2 All interrupts

*: Don't care
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Table3.6 InterruptsSelected in Each Interrupt Control Mode (2)

Interrupt Control

Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt with priority level greater than the mask

level (IPR > 12 to 10)

Table3.7 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt

Acceptance
Interrupt Settings Control 8-Level Control Default Priority T
Control Mode INTM1 INTMO I I2to 10 IPR  Determination (Trace)
0 0 0 o M X — —*2 0 —
2 1 0 X —=1 O M PR O T
Legend

O: Interrupt operation control performed
x:  No operation (all interrupts enabled)
IM: Used as interrupt mask bit

PR: Sets priority

—: Not used

Notes: 1. Setto 1 when interrupt is accepted.
2. Keep the initial setting.
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35 Interrupt Response Times

The H85/2329 and H8S/2328 Series are capabl e of fast word access to on-chip memory, and the

program areais provided in on-chip ROM and the stack areain on-chip RAM, enabling high-
speed processing.

Table 3.8 shows interrupt response times—the interval between generation of an interrupt request

and execution of the first instruction in the interrupt handling routine. The execution phase
symbols used in table 3.8 are explained in table 3.9.

Table3.8 Interrupt Response Times

Advanced Mode

No. Execution Phase INTM1=0 INTM1 =1

1 Interrupt priority determination** 3 3
Number of wait states until executing 1t019+2-S, 1t019+2-S,
instruction ends*?

3 PC, CCR, and EXR stacking 2.-S, 3- S

4 Vector fetch 2-S, 2-S,

5 Instruction fetch*? 2, 2.5,

6 Internal processing** 2 2

Total (when using on-chip memory) 12 to 32 13t0 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.

4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table3.9 Number of Statesin Interrupt Handling Routine Execution Phases

Access To

External Device

8-Bit Bus 16-Bit Bus

Internal 2-State 3-State 2-State 3-State

Symbol Memory Access Access Access Access
Instruction fetch S, 1 4 6 +2m 2 3+m

Branch address read S,

Stack manipulation S,

Legend
m: Number of wait states in an external device access
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3.6

3.6.1 Overview

In the H8S/2329 and H85/2328 Series, the DTC and DMAC can be activated by an interrupt. In

DTC and DMAC Activation by Interrupt

this case, the following options are available:

1. Interrupt request to CPU

2. Activation request to DTC

3.

4. Selection of anumber of the above

Activation request to DMAC

See table 3.3 for the interrupt requests that can be used to activate the DTC or DMAC. For details,

see section 5, DMA Controller, and section 6, Data Transfer Controller in the Hardware Manual.

HITACHI
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36.2 Block Diagram

Figure 3.3 shows a block diagram of the DTC, DMAC, and interrupt controller.

DMAC
Disable Clear
signal signal
DTC activation
Interrupt request | Selection request vector
ircui number
IRQ - circuit
interrupt o
Select
signal Control Iodi
Clear signal ontrol logic
DTCER pTC
. Interrupt source .
On-chip | (jear signal Clear signal
supporting .
module
DTVECR Tﬂi
SWDTE
clear signal CPU interrupt
request vector
number
Priority determination CPU
| 1,12t010
Interrupt controller

Figure3.3 Interrupt Control for DTC and DMAC

36.3 Operation
Theinterrupt controller has three main functionsin DTC and DMAC control, as described below.

Selection of Interrupt Source: With the DMAC, the activation source isinput directly to each
channel. The activation source for each DMAC channel is selected with bitsDTF3to DTFO in
DMACR. The selected activation source can be managed by the DMAC or selected with the DTA
bitin DMABCR. When the DTA bit is set to 1, the interrupt source constituting that DMAC
activation source does not function asa DTC activation source or CPU interrupt source.

For interrupt sources other than interrupts managed by the DMAC, it is possible to select DTC
activation request or CPU interrupt request with the DTCE bit in DTC registers DTCERA to
DTCERF.
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After aDTC datatransfer, the DTCE bit can be cleared to 0 and an interrupt request sent to the
CPU in accordance with the specification of the DISEL bit inthe DTC’'s MRB register.

When the DTC has performed the specified number of data transfers and the transfer counter value
is0, the DTCE hit is cleared to O after the DTC data transfer and an interrupt request is sent to the
CPU.

Determination of Priority: The DTC activation source is selected in accordance with the default
priority order, and is not affected by mask or priority levels. Seetable 3.10, Interrupt Sources,
DTC Vector Addresses, and Corresponding DTCEs, for the respective priorities.

With the DMAC, the activation source is input directly to each channel.

Table3.10 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Interrupt Vector Vector
Interrupt Source Source Number Address DTCE* Priority
Write to DTVECR Software DTVECR H'0400 + — High
(DTVECR A
[6:0]<<1)
IRQ, External pin 16 H'0420 DTCEA7
IRQ, 17 H'0422 DTCEA6
IRQ, 18 H'0424 DTCEAS5
IRQ, 19 H'0426 DTCEA4
IRQ, 20 H'0428 DTCEA3
IRQ, 21 H'042A DTCEA2
IRQ, 22 H'042C DTCEA1l
IRQ, 23 H'042E DTCEAO
ADI (A/D conversion end) A/D 28 H'0438 DTCEB6
TGIOA (GROA compare TPU 32 H'0440 DTCEB5
match/input capture) channel O
TGIOB (GROB compare 33 H'0442 DTCEB4
match/input capture)
TGIOC (GROC compare 34 H'0444 DTCEB3
match/input capture) Y
TGIOD (GROD compare 35 H'0446 DTCEB2 Low

match/input capture)
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number Address DTCE* Priority
TGI1A (GR1A compare TPU 40 H'0450 DTCEB1 High
match/input capture) channel 1 A
TGI1B (GR1B compare 41 H'0452 DTCEBO
match/input capture)
TGI2A (GR2A compare TPU 44 H'0458 DTCECY
match/input capture) channel 2
TGI2B (GR2B compare 45 H'045A DTCECS6
match/input capture)
TGI3A (GR3A compare TPU 48 H'0460 DTCECS5
match/input capture) channel 3
TGI3B (GR3B compare 49 H'0462 DTCEC4
match/input capture)
TGI3C (GR3C compare 50 H'0464 DTCEC3
match/input capture)
TGI3D (GR3D compare 51 H'0466 DTCEC2
match/input capture)
TGI4A (GR4A compare TPU 56 H'0470 DTCEC1
match/input capture) channel 4
TGI4B (GR4B compare 57 H'0472 DTCECO
match/input capture)
TGI5A (GR5A compare TPU 60 H'0478 DTCEDS5
match/input capture) channel 5
TGI5B (GR5B compare 61 H'047A DTCED4
match/input capture)
CMIAO 8-bit timer 64 H'0480 DTCED3
CMIBO channel 0 65 H'0482 DTCED2
CMIAL 8-hit timer 68 H'0488 DTCED1
CMIB1 channel 1 69 H'048A DTCEDO
DMTENDOA (DMAC transfer =~ DMAC 72 H'0490 DTCEE7
complete 0)
DMTENDOB (DMAC transfer 73 H'0492 DTCEE6
complete 1)
DMTEND1A (DMAC transfer 74 H'0494 DTCEE5
complete 2)
DMTEND1B (DMAC transfer 75 H'0496 DTCEE4
complete 3) Low
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Origin of

Interrupt Vector Vector

Interrupt Source Source Number Address DTCE* Priority
RXIO (reception complete 0) SCI 81 H'04A2 DTCEE3 High
TXIO (transmit data empty 0) ~ channel 0 82 H'04A4 DTCEE2

RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1

TXI1 (transmit data empty 1) ~ channel 1 86 H'04AC DTCEEO

RXI2 (reception complete 2) SCI 89 H'04B2 DTCEF7

TXI2 (transmit data empty 2) ~ channel 2 90 H'04B4 DTCEF6  Low

Note: * DTCE bhits with no corresponding interrupt are reserved, and should be written with 0.

Operation Order: If the same interrupt is selected asa DTC activation source and a CPU
interrupt source, the DTC datatransfer is performed first, followed by CPU interrupt exception
handling.

If the sameinterrupt is selected asa DMAC activation source and a DTC activation source or CPU
interrupt source, operations are performed for them independently according to their respective
operating statuses and bus mastership priorities.

Table 3.11 summarizes interrupt source selection and interrupt source clearance control according
to the setting of the DTA bit in the DMAC' s DMABCR register, the DTCE bit of DTC registers
DTCERA to DTCERF, and the DISEL bit in the DTC's MRB register.

Table3.11 Interrupt Source Selection and Clearing Control

Settings

DMAC DTC Interrupt Source Selection/Clearing Control
DTA DTCE DISEL DMAC DTC CPU
0 0 * O X (©)

1 0 O (@) X

1 O O (@)

1 * * O X X
Legend

O: The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)

O: The relevant interrupt is used. The interrupt source is not cleared.

x: The relevant bit cannot be used.

*: Don't care

Usage Note: SCI and A/D converter interrupt sources are cleared when the DMAC or DTC reads
or writes to the prescribed register, and are not dependent on the DTA and DISEL hits.
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Section 4 Bus Controller

4.1 Overview

The H85/2329 and H8S/2328 Series have an on-chip bus controller (BSC) that manages the
external address space divided into eight areas. The bus specifications, such as bus width and
number of access states, can be set independently for each area, enabling multiple memoriesto be
connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters—the CPU, DMA controller (DMAC), and datatransfer controller (DTC).

411 Features
The features of the bus controller are listed bel ow.

¢ Manages external address space in area units
O In advanced mode, manages the external space as 8 areas of 2 Mbytes
O Bus specifications can be set independently for each area
0 DRAM and burst ROM interfaces can be set

¢ Basic businterface
0 Chip select signals (CS, to CS,) can be output for areas 0 to 7
O 8-hit access or 16-bit access can be selected for each area
0 2-state access or 3-state access can be selected for each area
O Program wait states can be inserted for each area

* DRAM interface

DRAM interface can be set for areas 2 to 5 (in advanced mode)
Row address/column address multiplexed output (8/9/10 bits)
2-CAS access method

Burst operation (fast page mode)

TP cycleinsertion to secure RAS precharging time

Selection of CAS-before-RAS refreshing or self-refreshing

Oo0Oo0ooogdg

* Burst ROM interface
0 Burst ROM interface can be set for area 0
0 Selection of 1- or 2-state burst access
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Idle cycleinsertion
O Anidlecycle can beinserted in case of external read cyclesin different areas

O Anidlecycle can beinserted in case of an external write cycle immediately after an
external read cycle

Write buffer function
0 External write cycle and internal access can be executed in parallel
0 DMAC single address mode and internal access can be executed in parallel

Bus arbitration function
O Includes abus arbiter that arbitrates bus mastership between the CPU, DMAC, and DTC

Other features
0 Refresh counter (refresh timer) can be used as an interval timer
O Externa bus release function
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41.2 Block Diagram

TS, 10 TS,

Area decoder

QO

External bus control signals

BREQ —————————™
BACK |

BREQO =<+—

ABWCR

ASTCR

BCRH

BCRL

Bus controller

Internal address
bus

Internal control

signals

— Bus mode signal

Internal data bus

_
Wait
—
WAIT controller WCRH
WCRL
N
— DRAM
controller
External DRAM MCR
control signals DRAMCR
RTCNT
RTCOR
Bus arbiter

+—— CPU bus request signal

~~—— DTC bus request signal

+—— DMAC bus request signal
— CPU bus acknowledge signal
— DTC bus acknowledge signal
— DMAC bus acknowledge signal

Figure4.1 Block Diagram of Bus Controller
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413 Pin Configuration

Table 4.1 summarizes the pins of the bus controller.

Table4.1 BusController Pins

Name Symbol 1/0 Function

Address strobe AS Output Strobe signal indicating that address output on
address bus is enabled.

Read RD Output Strobe signal indicating that external space is
being read.

High write/write enable  HWR Output Strobe signal indicating that external space is to
be written, and upper half (D,;to Dy) of data bus
is enabled.
2-CAS DRAM write enable signal.

Low write LWR Output Strobe signal indicating that external space is to
be written, and lower half (D,to D,) of data bus
is enabled.

Chip select 0 CS, Output Strobe signal indicating that area 0 is selected.

Chip select 1 CS, Output Strobe signal indicating that area 1 is selected.

Chip select 2/row CS, Output Strobe signal indicating that area 2 is selected.

address strobe 2 DRAM row address strobe signal when area 2 is
in DRAM space.

Chip select 3/row CS, Output Strobe signal indicating that area 3 is selected.

address strobe 3 DRAM row address strobe signal when area 3 is
in DRAM space.

Chip select 4/row CS, Output Strobe signal indicating that area 4 is selected.

address strobe 4 DRAM row address strobe signal when area 4 is
in DRAM space.

Chip select 5/row CS, Output Strobe signal indicating that area 5 is selected.

address strobe 5 DRAM row address strobe signal when area 5 is
in DRAM space.

Chip select 6 CS, Output Strobe signal indicating that area 6 is selected.

Chip select 7 CS, Output Strobe signal indicating that area 7 is selected.

Upper column address  CAS Output 2-CAS DRAM upper column address strobe

strobe signal.

Lower column strobe LCAS Output DRAM lower column address strobe signal.

Wait WAIT Input Wait request signal when accessing external 3-

state access space.
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Name Symbol 1/0 Function

Bus request BREQ Input Request signal for release of bus to external
device.

Bus request BACK Output Acknowledge signal indicating that bus has

acknowledge been released.

Bus request output BREQO Output External bus request signal used when internal

bus master accesses external space when
external bus is released.

414 Register Configuration
Table 4.2 summarizes the registers of the bus controller.

Table4.2 BusController Registers

Initial Value
Name Abbreviation R/W ‘Reset  Address*?
Bus width control register ABWCR R/W H'FF/H'00** H'FEDO
Access state control register ASTCR R/W H'FF H'FED1
Wait control register H WCRH R/W H'FF H'FED2
Wait control register L WCRL R/W H'FF H'FED3
Bus control register H BCRH R/W H'DO H'FED4
Bus control register L BCRL R/W H'3C H'FED5
Memory control register MCR R/W H'00 H'FED6
DRAM control register DRAMCR R/W H'00 H'FED7
Refresh timer counter RTCNT R/W H'00 H'FED8
Refresh time constant register RTCOR R/W H'FF H'FED9

Notes: 1. Lower 16 bits of the address.
2. Determined by the MCU operating mode.
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4.2 Register Descriptions

421 BusWidth Control Register (ABWCR)

Bit L7 6 5 4 3 2 1 0
‘ ABW7 ‘ ABW6 ‘ ABWS5 ‘ ABW4 ] ABW3 ] ABW2 \ ABW1 \ ABWO \

Modes 5to 7

Initial value : 1 1 1 1 1 1 1 1

RIW . RW RW  RW RW  RW RW  RW RIW
Mode 4

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW  RW RW  RW RW  RW RIW

ABWCR is an 8-bit readable/writable register that designates each area as either 8-hit access space
or 16-bit access space.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal 1/0 registersis fixed regardless of the settingsin ABWCR.

After areset and in hardware standby mode, ABWCR isinitialized to H'FF in modes 5 to 7*, and
to H'00 in mode 4. It is not initialized in software standby mode.

Note: * Modes 6 and 7 cannot be used in the ROMIess version.

Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWOQ): These hits select whether the
corresponding areaisto be designated as 8-hit access space or 16-bit access space.

Bitn

ABWn Description

0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access
(n=71to00)
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4.2.2 Access State Control Register (ASTCR)

Bit L7 6 5 4 3 2 1 0

| AST7 | AST6 | AST5 | AST4 | AST3 | AST2 | ASTL | ASTO |
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW

ASTCR is an 8-hit readable/writable register that designates each area as either 2-state access
space or 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/0 registersis fixed regardless of the settingsin ASTCR.

ASTCRisinitialized to H'FF by areset, and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding areaisto be designated as 2-state access space or 3-state access space.

Wait state insertion is enabled or disabled at the same time.

Bit n

ASTn Description

0 Area n is designated for 2-state access
Wait state insertion in area n external space access is disabled

1 Area n is designated for 3-state access (Initial value)
Wait state insertion in area n external space access is enabled

(n=71t00)

4.2.3 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area

Program waits are not inserted in on-chip memory or internal 1/O register access.

WCRH and WCRL are initialized to H'FF by areset, and in hardware standby mode. They are not
initialized in software standby mode.
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WCRH

Bit L7 6 5 4 3 2 1 0

| W71 | w70 | wel | We0 | W5l | W50 | W4l | W40 |
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of
program wait states when area 7 in externa space is accessed whilethe AST7 bitin ASTCR is set
tol.

Bit 7 Bit 6
W71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Bits5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These hits select the number of
program wait states when area 6 in external space is accessed while the AST6 bitin ASTCR is set
to 1.

Bit 5 Bit 4
w61l w60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed
(Initial value)
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Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These bits select the number of
program wait states when area 5 in external space is accessed whilethe AST5 bit in ASTCR is set
to L.

Bit 3 Bit 2
W51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area 4 in external space is accessed whilethe AST4 bitin ASTCR is set
to 1

Bit 1 Bit 0
w41 w40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
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WCRL

Bit L7 6 5 4 3 2 1 0

| W3l | w30 | w21 | W20 | wil | W10 | w0l | Woo |
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These bits select the number of
program wait states when area 3 in externa space is accessed whilethe AST3 bitin ASTCR is set
tol.

Bit 7 Bit 6
w31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits5and 4—Area 2 Wait Control 1 and 0 (W21, W20): These hits select the number of
program wait states when area 2 in external space is accessed whilethe AST2 bitin ASTCR is set
to 1.

Bit 5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed
(Initial value)
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Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These bits select the number of
program wait states when area 1 in external space is accessed whilethe AST1 bit in ASTCR is set
to L.

Bit 3 Bit 2
w11l w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These bits select the number of
program wait states when area 0 in external space is accessed whilethe ASTO bit in ASTCR is set
to 1

Bit 1 Bit 0
w01 w00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0O is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed
(Initial value)
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424 Bus Control Register H (BCRH)

Bit L7 6 5 4 3 2 1 0

| ICIS1 | ICISO |BRSTRM| BRSTS1| BRSTSO| RMTS2| RMTS1| RMTSO]
Initial value : 1 1 0 1 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

BCRH is an 8-hit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for areas 2 to 5 and area 0.

BCRH isinitialized to H'DO by areset, and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Ildle CycleInsert 1 (ICSI 1): Selects whether or not oneidle cycle state isto be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIS1 Description

0 Idle cycle not inserted in case of successive external read cycles in different areas.
1 Idle cycle inserted in case of successive external read cycles in different areas.

(Initial value)

Bit 6—Idle CycleInsert 0 (ICSI0): Selects whether or not oneidle cycle state isto be inserted
between bus cycles when successive external read and external write cycles are performed .

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles.
1 Idle cycle inserted in case of successive external read and external write cycles.

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM interface
area.

Bit 5

BRSTRM Description

0 Area 0 is basic bus interface area (Initial value)
1 Area 0 is burst ROM interface area
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Bit 4—Burst Cycle Select 1 (BRSTS1): Selects the number of burst cycles for the burst ROM
interface.

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Burst Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a
burst access on the burst ROM interface.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits2 to 0—RAM Type Select (RMTS2 to RMTS0): These bits select the memory interface for
areas 2 to 5 in advanced mode.

When DRAM spaceis selected, the relevant areais designated as a DRAM interface area.

Bit 2 Bit 1 Bit 0 Description
RMTS2 RMTS1 RMTSO Areab Area 4 Area 3 Area 2
0 0 0 Normal space Normal space Normal space Normal space
1 Normal space Normal space Normal space DRAM space
1 0 Normal space Normal space DRAM space DRAM space
1 DRAM space DRAM space DRAM space DRAM space

1 - — - - — —

The LCAS pinisused for the LCAS signa on the 2-CAS DRAM interface. If it iswished to use
BREQO output when using the LCAS signal, it is possible to switch to the P5; pin by means of the
BREQOPS hit in PFCR2. For details, see section 5.6, Port 5 and section 5.13, Port F.

Note: If all areas selected as DRAM space are 8-hit space, the PF, pin can be used asan /O port,
or asthe BREQO or WAIT pin. When PF, is used as the WAIT pin in the H85/2323 and
H8S/2322, normal space other than DRAM space should be designated as 16-bit-bus
space. RAS down mode cannot be used when this setting is made. Sample settings are
shown below.
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RMTS2 RMTS1 RMTSO Area5b Area 4 Area 3 Area 2

0 0 0 Normal space Normal space Normal space Normal space
1 Normal space Normal space Normal space DRAM space
(16-bit bus) (16-bit bus) (16-bit bus) (8-bit bus)
1 0 Normal space Normal space DRAM space DRAM space
(16-bit bus) (16-bit bus) (8-bit bus) (8-bit bus)
1 DRAM space DRAM space DRAM space DRAM space

(8-bit bus) (8-bit bus) (8-bit bus) (8-bit bus)

425 Bus Control Register L (BCRL)

Bit L7 6 5 4 3 2 1 0
| BRLE BREQOE EAE | — | DDS | — | WDBE | WAITE

Initial value : 0 0 1 1 1 1 0 0

RIW . RW RW RW RW RW RW RW  RW

BCRL is an 8-bit readable/writable register that performs selection of the external bus-released
state protocol, selection of the area partition unit, enabling or disabling of the write data buffer
function, and enabling or disabling of WAIT pin input.

BCRL isinitialized to H'3C by areset, and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Bus Release Enable (BRLE): Enables or disables external bus release.

Bit 7

BRLE Description

0 External bus release disabled. BREQ, BACK, and BREQO pins can be used as I/O
ports (Initial value)

1 External bus release enabled

Bit 6—BREQO Pin Enable (BREQOE): Outputs asignal that requests the external bus master
to drop the bus request signal (BREQ) in the external bus-released state, when an internal bus
master performs an external space access, or when arefresh request is generated.

Bit 6

BREQOE Description

0 BREQO output disabled. BREQO pin can be used as /O port (Initial value)
1 BREQO output enabled
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Bit 5—External Address Enable (EAE): Designates addresses H'010000 to H'03FFFF*2 as
either internal or external addresses.

Bit 5 Description
H8S/2329, H8S/2328  H8S/2327 H8S/2323
0 On-chip ROM Addresses H'010000 to H'0O1FFFF are Reserved area**
on-chip ROM or address H'020000 to
H'03FFFF are reserved area**
1 Addresses H'010000 to H'03FFFF*? are external addresses in external expanded mode

or reserved area** in single-chip mode

Notes: 1. Do not access a reserved area.
2. Addresses H'010000 to H'O5FFFF in the H8S/2329.

Bit 4—Reserved

Bit 3—DACK Timing Select (DDS): Selects the DMAC single address transfer bus timing for
the DRAM interface.

Bit 3

DDS Description

0 When DMAC single address transfer is performed in DRAM space, full access is
always executed. DACK signal goes low from Tr or T1 cycle

1 Burst access is possible when DMAC single address transfer is performed in DRAM
space. DACK signal goes low from Tcl or T2 cycle (Initial value)

Bit 2—Reserved

Bit 1—Write Data Buffer Enable (WDBE): Selects whether or not the write buffer function is
used for an external write cycle or DMAC single address cycle.

Bit 1

WDBE Description

0 Write data buffer function not used (Initial value)
1 Write data buffer function used

Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT
pin.

Bit 0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as I/O port  (Initial value)
1 Wait input by WAIT pin enabled
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4.2.6 Memory Control Register (MCR)

Bit L7 6 5 4 3 2 1 0

. TPC | BE | RCDM | — | Mxc1 | mxco | RLwl | RLWO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

MCR is an 8-hit readable/writable register that selects the DRAM strobe control method, number
of precharge cycles, access mode, address multiplexing shift size, and the number of wait states
inserted during refreshing, when areas 2 to 5 are designated as DRAM interface areas.

MCR isinitialized to H'00 by areset, and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—TP Cycle Control (TPC): Selects whether a 1-state or 2-state precharge cycle (Ty) isto be
used when areas 2 to 5 designated as DRAM space are accessed.

Bit 7

TPC Description

0 1-state precharge cycle is inserted (Initial value)
1 2-state precharge cycle is inserted

Bit 6—Burst Access Enable (BE): Selects enabling or disabling of burst accessto areas2t0 5
designated as DRAM space. DRAM space burst access is performed in fast page mode.

Bit 6

BE Description

0 Burst disabled (always full access) (Initial value)
1 DRAM space access performed in fast page mode

Bit 5—RAS Down Mode (RCDM): When areas 2 to 5 are designated as DRAM space and access
to DRAM isinterrupted, RCDM selects whether the RAS signal is held low while waiting for the
next DRAM access (RAS down mode), or is driven high again (RAS up mode).

Bit 5

RCDM Description

0 RAS up mode selected for DRAM interface (Initial value)
1 RAS down mode selected for DRAM interface

Bit 4—Reserved
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Bits 3 and 2—Multiplex Shift Count 1 and 0 (M XC1, M XCO0): These bits select the size of the
shift toward the lower half of the row address in row address/column address multiplexing for the
DRAM interface. In burst operation on the DRAM interface, these bits also select the row address
bits to be used for comparison.

Bit 3 Bit 2
MXC1 MXCO

Description

0 0

8-bit shift

(Initial value)

e When 8-bit access space is designated: Row address bits A, to

A; used for comparison

¢ When 16-bit access space is designated: Row address bhits A,; to

A, used for comparison

9-bit shift

e When 8-bit access space is designated: Row address bits A, to

A, used for comparison

¢ When 16-bit access space is designated: Row address bhits A,; to

A,, used for comparison

10-bit shift

e When 8-bit access space is designated: Row address bits A, to

A, used for comparison

¢ When 16-bit access space is designated: Row address bhits A,; to

A,, used for comparison

Bits 1 and 0—Refresh Cycle Wait Control 1 and 0 (RLW1, RLWO0): These bits select the
number of wait statesto be inserted in a DRAM interface CAS-before-RAS refresh cycle. This
setting is used for all areas designated as DRAM space. Wait input by the WAIT pin is disabled.

Bit 1 Bit 0
RLW1 RLWO Description
0 0 No wait state inserted (Initial value)
1 1 wait state inserted
1 0 2 wait states inserted
1 3 wait states inserted
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4.2.7 DRAM Control Register (DRAMCR)

Bit L7 6 5 4 3 2 1 0

| RFSHE | RCW |RMODE| CMF | CMIE | CKS2 | CKS1 | CKsO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

DRAMCR is an 8-hit readable/writable register that selects the DRAM refresh mode and refresh
counter clock and controls the refresh timer.

DRAMCRI isinitialized to H'00 by areset, and in hardware standby mode. Itisnot initialized in
software standby mode.

Bit 7—Refresh Control (RFSHE): Selects whether or not refresh control is performed. When
refresh control is not performed, the refresh timer can be used as an interval timer.

Bit 7

RFSHE Description

0 Refresh control is not performed (Initial value)
1 Refresh control is performed

Bit 6—RAS-CAS Wait (RCW): Controls wait state insertion in DRAM interface CAS-before-
RAS refreshing.

Bit 6
RCW Description
0 Wait state insertion in CAS-before-RAS refreshing disabled
RAS falls in Tr cycle (Initial value)
1 One wait state inserted in CAS-before-RAS refreshing

RAS falls in Tcl cycle

Bit 5—Refresh Mode (RM ODE): Selects whether self-refreshing is performed in software
standby mode.

Bit 5

RMODE Description

0 Self-refreshing is not performed in software standby mode (Initial value)
1 Self-refreshing is performed in software standby mode
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Bit 4—Compare Match Flag (CMF): Status flag that indicates a match between the values of
RTCNT and RTCOR.

When refresh control is performed (RFSHE = 1), 1 should be written to the CMF bit when writing
to DRAMCR.

Bit 4
CMF Description
0 [Clearing condition]
When 0 is written to CMF after reading CMF = 1 (Initial value)
1 [Setting condition]

When RTCNT = RTCOR

Bit 3—Compare Match Interrupt Enable (CMIE): Enables or disables interrupt requests (CMI)
by the CMF flag when the CMF flagin DRAMCR isset to 1.

When refresh control is performed (RFSHE = 1), the CMIE bit is always cleared to 0.

Bit 3

CMIE Description

0 Interrupt request (CMI) by CMF flag disabled (Initial value)
1 Interrupt request (CMI) by CMF flag enabled

Bits 2 to 0—Refresh Counter Clock Select (CKS2 to CK S0): These bits select the clock to be
input to RTCNT from among seven clocks obtained by dividing the system clock (). When the
input clock is selected with bits CKS2 to CKS0, RTCNT begins counting up.

Bit 2 Bit 1 Bit O
CKS2 CKs1 CKSO0 Description
0 0 0 Count operation disabled (Initial value)
1 Count uses @/2
1 0 Count uses 2/8
1 Count uses @/32
1 0 0 Count uses /128
1 Count uses /512
1 0 Count uses /2048
1 Count uses 9/4096
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4.2.8 Refresh Timer Counter (RTCNT)

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

RTCNT is an 8-bit readable/writable up-counter.
RTCNT counts up using theinternal clock selected by bits CKS2 to CKS0 in DRAMCR.

When RTCNT matches RTCOR (compare match), the CMF flagin DRAMCR isset to 1 and
RTCNT iscleared to H'00. If the RFSHE bit in DRAMCR is set to 1 at thistime, arefresh cycleis
started. Also, if the CMIE bit in DRAMCR is set to 1, a compare match interrupt (CMI) is
generated.

RTCNT isinitialized to H'00 by areset, and in hardware standby mode. It isnot initialized in
software standby mode.

4.2.9 Refresh Time Control Register (RTCOR)

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

RTCOR is an 8-hit readable/writable register that sets the period for compare match operations
with RTCNT.

The values of RTCOR and RTCNT are constantly compared, and if they match, the CMF flag in
DRAMCRissetto 1 and RTCNT iscleared to H'00.

RTCOR isinitialized to H'FF by areset, and in hardware standby mode. It isnot initialized in
software standby mode.
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4.3 Overview of Bus Control

431 Area Partitioning

In advanced mode, the bus controller partitions the 16-Mbyte address space into eight areas, 0 to
7, in 2-Mbyte units, and performs bus control for external space in area units. Figure 4.2 shows an

outline of the memory map.

Chip select signals (CS, to CS,) can be output for each area.

H'000000
Area 0
(2 Mbytes)
H'1FFFFF
H'200000
Area 1
(2 Mbytes)
H'3FFFFF
H'400000
Area 2
(2 Mbytes)
H'5FFFFF
H'600000
Area 3
(2 Mbytes)
H'7FFFFF
H'800000
Area 4
(2 Mbytes)
H'9FFFFF
H'A00000
Area 5
(2 Mbytes)
H'BFFFFF
H'C00000
Area 6
(2 Mbytes)
H'DFFFFF
H'E00000
Area 7
(2 Mbytes)
____HFFFFFF

Advanced mode

Figure4.2 AreaPartitioning
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4.3.2 Bus Specifications

The external space bus specifications consist of three elements: (1) bus width, (2) number of
access states, and (3) number of program wait states.

The bus width and number of access states for on-chip memory and internal 1/0 registers are
fixed, and are not affected by the bus controller.

BusWidth: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an 8-bit
bus is selected functions as an 8-bit access space, and an area for which a 16-bit busis selected
functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus modeis set; if any areais designated for 16-bit
access, 16-bit bus mode is always set. When the burst ROM interface is selected, 16-bit bus mode
isaways set.

Number of Access States: Two or three access states can be selected with ASTCR. An areafor
which 2-state access is selected functions as a 2-state access space, and an area for which 3-state
access is selected functions as a 3-state access space.

With the DRAM interface and burst ROM interface, the number of access states may be
determined without regard to ASTCR.

When 2-state access space is designated, wait insertion is disabled.

Number of Program Wait States: When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From 0 to 3 program wait states can be selected.

Table 4.3 shows the bus specifications for each basic bus interface area.
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Table4.3 Bus Specificationsfor Each Area (Basic Bus I nterface)

ABWCR ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
ABWn ASTn Wnl WnO Bus Width  Access States Program Wait States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 2 0
1 0 0 3 0
1 1
1 0 2
1 3

4.3.3 Memory Interfaces

The memory interfaces of the H8S/2329 and H85/2328 Series comprise a basic bus interface that
allows direct connection of ROM, SRAM, and so on; aDRAM interface that allows direct
connection of DRAM; and a burst ROM interface that allows direct connection of burst ROM. The
interface can be selected independently for each area.

An areafor which the basic bus interface is designated functions as normal space, an areafor
which the DRAM interface is designated functions as DRAM space, and an area for which the
burst ROM interface is designated functions as burst ROM space.
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434 Advanced M ode

Theinitia state of each areais basic bus interface, 3-state access space. Theinitia buswidth is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (4.4, 4.5, and 4.7) should be referred to for
further details.

Area 0: Area 0 includes on-chip ROM, and in expanded mode with on-chip ROM disabled, all of
area O is external space. In expanded mode with on-chip ROM enabled, the space excluding on-
chip ROM is external space.

When area 0 external space is accessed, the CS, signal can be output.
Either basic businterface or burst ROM interface can be selected for area 0.
Areas1and 6: In external expanded mode, all of area1 and area 6 is external space.

When area 1 and 6 external space is accessed, the CS, and CS, pin signals can be output,
respectively.

Only the basic bus interface can be used for areas 1 and 6.
Areas2t05: In external expanded mode, areas 2 to 5 are all external space.
When area 2 to 5 external space is accessed, signals CS, to CS; can be output.

Basic businterface or DRAM interface can be selected for areas 2 to 5. With the DRAM interface,
signals CS, to CS; are used asRAS signals.

Area 7: Area7 includes the on-chip RAM and interna/O registers. In external expanded mode,
the space excluding the on-chip RAM and internal 1/O registersis external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SY SCR) is set to 1; when the
RAME hit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space.

When area 7 external space is accessed, the CS, signal can be outpuit.

Only the basic businterface can be used for the area 7 memory interface.
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435 Chip Select Signals

The chip can output chip select signals (CS, to CS,) to areas 0 to 7, the signal being driven low
when the corresponding external space area is accessed.

Figure 4.3 shows an example of CS,, (n = 0 to 7) output timing.

Enabling or disabling of CS,, signal output is performed by setting the data direction register
(DDR) bit for the port corresponding to the particular CS,, pin.

In expanded mode with on-chip ROM disabled, the CS, pin is placed in the output state after a
reset. Pins CS, to CS, are placed in the input state after a reset, and so the corresponding DDR bits
should be set to 1 when outputting signals CS, to CS,,

In expanded mode with on-chip ROM enabled, pins CS, to CS, are all placed in the input state
after areset, and so the corresponding DDR bits should be set to 1 when outputting signals CS, to
Cs;

For details, see section 5, 1/0 Ports.

When areas 2 to 5 are designated as DRAM space, outputs CS,to CS; are used asRAS signals.

Bus cycle
S o A i e
Address | Area n external address |
CS, ] T

Figure4.3 CS, Signal Output Timing (n =0to7)
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4.4 Basic Bus|nterface

44.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL. For details,
see section 4.4, Basic Bus Interface, in the Hardware Manual.

442 Wait Control

When accessing external space, the chip can extend the bus cycle by inserting one or more wait
states (T,,). There are two ways of inserting wait states: program wait insertion and pin wait
insertion using the WAIT pin.

Program Wait Insertion: From O to 3 wait states can be inserted automatically between the T,
state and T, state on an individual area basis in 3-state access space, according to the settingsin
WCRH and WCRL.

Pin Wait Insertion: Setting the WAITE bit in BCRL to 1 enableswait input by means of the
WAIT pin. When external space is accessed in this state, a program wait isfirst inserted in
accordance with the settingsin WCRH and WCRL. If the WAIT pinislow at the falling edge of @
inthelast T, or T,, state, another T,, state isinserted. If the WAITpinis held low, T,, statesare
inserted it goes high.

Thisisuseful when inserting four or more T,, states, or when changing the number of T,, states for
different external devices.

The WAITE bit setting applies to all areas. The WAITPS hit can be used to change the WAIT
input pin from PF, to P5,. To make this change, select the input pin with the WAITPS bit, then set
the WAITE bit.
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Figure 4.4 shows an example of wait state insertion timing.

By program wait

T, T Tw

Tw

By WAIT pin

Tw

-

Read

Data bus

{ Read data |-

Write

Write data

>>

Note: Downward arrows indicates the timing of WAIT pin sampling.

Figure4.4 Exampleof Wait State Insertion Timing

The settings after areset are: 3-state access, 3 program wait state insertion, and WAIT input

disabled.
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45 DRAM Interface

45.1 Overview

When the chip isin advanced mode, external space areas 2 to 5 can be designated as DRAM
space, and DRAM interfacing performed. With the DRAM interface, DRAM can be directly
connected to the chip. A DRAM space of 2, 4, or 8 Mbytes can be set by means of bits RMTS2 to
RMTS0 in BCRH. Burst operation is also possible, using fast page mode.

452 Setting DRAM Space

Areas 2 to 5 are designated as DRAM space by setting bits RMTS2to RMTS0 in BCRH. The
relation between the settings of bits RMTS2 to RMTS0 and DRAM space is shown in table 4.4.
Possible DRAM space settings are: one area (area 2), two areas (areas 2 and 3), and four areas
(areas 210 5).

Table4.4 DRAM Space Settingsby BitsRMTS2to RMTS0

RMTS2 RMTS1 RMTSO Area5 Area 4 Area 3 Area 2
0 0 1 Normal space Normal space Normal space DRAM space
1 0 Normal space Normal space DRAM space DRAM space
1 DRAM space  DRAM space DRAM space DRAM space

453 Address Multiplexing

With DRAM space, the row address and column address are multiplexed. In address multiplexing,
the size of the shift of the row addressis selected with bits MXC1 and MXCOin MCR. Table 4.5
shows the relation between the settings of MXC1 and MXCO and the shift size.
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Table45 Address Multiplexing Settings by BitsMXC1 and M XCO

MCR Address Pins
A23
Shift to
MXC1 MXCO Size A, A, A, A, A, A, A, A, A, A, A, A, A, A,
Row 0 0 8hits Ay Aypy A A An A A Ay A Ap Ap A Ay A
address to
A13
1 9bits Ay Ap Axy A A An A A Ay A Ap Ay A A
to
A
1 0 10 blts A23 A12 All AZO A19 AlB A17 Alﬁ A15 A14 A13 AlZ All AlO
to
Az
1 Settthng — — — — — - - - - - - — — —
pro-
hibited
coumn — @ —  — Ay A, A, Ag Ay AL A A, AL A, A, A, A A,
address to
A

454 Data Bus

If the bit in ABWCR corresponding to an area designated as DRAM spaceis set to 1, that areais
designated as 8-bit DRAM space; if the bit is cleared to 0, the areais designated as 16-bit DRAM
space. In 16-bit DRAM space, x16-bit configuration DRAM can be connected directly.

In 8-bit DRAM space the upper half of the data bus, D5 to D, is enabled, while in 16-bit DRAM
space both the upper and lower halves of the data bus, D,5 to D,, are enabled.

Access sizes and data alignment are the same as for the basic bus interface: see section 4.4.2, Data
Size and Data Alignment, in the Hardware Manual.
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455

Pins Used for DRAM Interface

Table 4.6 shows the pins used for DRAM interfacing and their functions.

Table4.6 DRAM Interface Pins
With DRAM
Pin Setting Name 1/0 Function
HWR WE Write enable Output Write enable for DRAM space access
when 2-CAS access is set

LCAS LCAS Lower column Output Lower column address strobe signal for
address strobe 16-bit DRAM space access

CS, RAS2 Row address Output  Row address strobe when area 2 is
strobe 2 designated as DRAM space

CS, RAS3 Row address Output Row address strobe when area 3 is
strobe 3 designated as DRAM space

CS, RAS4 Row address Output Row address strobe when area 4 is
strobe 4 designated as DRAM space

CS, RAS5 Row address Output Row address strobe when area 5 is
strobe 5 designated as DRAM space

CAS UCAS Upper column Output Upper column address strobe for DRAM
address strobe space access

WAIT WAIT Wait Input Wait request signal

A, t0A, A, t0A, Address pins Output Row address/column address

multiplexed output
D, to D, D, to D, Data pins 110 Data input/output pins
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45.6 Basic Timing

Figure 4.5 shows the basic access timing for DRAM space. The basic DRAM accesstiming is four
states. Unlike the basic bus interface, the corresponding bitsin ASTCR control only enabling or
disabling of wait insertion, and do not affect the number of access states. When the corresponding
bitin ASTCR is cleared to 0, wait states cannot be inserted in the DRAM access cycle.

The four states of the basic timing consist of one T, (precharge cycle) state, one T, (row address
output cycle) state, and the T, and T, (column address output cycle) states.

S s I s I s I B
pors R | coum |

cs, (RAS) | L i

CAS,[CAS | § § T

FWR WE) _| i i i i
Read

Dl5 to DO i / ; ; ; < i )
Write

I S S

Note: n=2to5

Figure4.5 Basic Access Timing
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457 Prechar ge State Control

When DRAM is accessed, RAS precharging time must be secured. With the H8S/2328 Series, one
T, state is always inserted when DRAM space is accessed. This can be changed to two T, states by
setting the TPC bit in MCR to 1. Set the appropriate number of T, cycles according to the DRAM
connected and the operating frequency of the chip. Figure 4.6 shows the timing when two Tp
states are inserted.

When the TCP bitis set to 1, two T, states are also used for refresh cycles.

e T 1L
CAS, LCAS J |
IR (WE) |
Read
DistoDo ) : : : — F
HWR (WE)
Write ! ‘ ‘ ‘ ‘ ‘
D500 ) | | —( —

Note: n=2to5

Figure4.6 Timingwith Two-State Precharge Cycle
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458 Wait Control

There are two ways of inserting wait statesin a DRAM access cycle: program wait insertion and
pin wait insertion using the WAIT pin.

Program Wait I nsertion: When the bit in ASTCR corresponding to an area designated as DRAM
spaceis set to 1, from O to 3 wait states can be inserted automatically between the T, stateand T,
state, according to the settings of WCRH and WCRL.

Pin Wait Insertion: When the WAITE bit in BCRH is set to 1, wait input by means of the WAIT
pinisenabled. When DRAM space is accessed in this state, a program wait is first inserted. If the
WAIT pinislow at thefalling edge of ginthelast T or T,, state, another T, state isinserted. If
the WAIT pinisheld low, T,, states are inserted until it goes high.

Figure 4.7 shows an example of wait state insertion timing.

By program wait By WAIT pin

| Tp ‘ T Te1 Tw Tw Te2 |
™ > > T > > ™
o J r
WAIT -
Address :>< >< >< ><:
bus
CS,, (RAS)
CAS
Read
Data bus { Readdata
CAS r
Write
Data bus < Write data >*

Note: Downward arrows indicates the timing of WAIT pin sampling.
n=2to5

Figure4.7 Example of Wait State Insertion Timing
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45.9 Byte Access Control

When DRAM with a x16 configuration is connected, the 2-CAS access method is used for the
control signals needed for byte access.

Figure 4.8 shows the control timing for 2-CAS access, and figure 4.9 shows an example of 2-CAS
DRAM connection.

N I e I |
Ayzto Ag :X >< Row >< Coll:Jmn
|

Sl

Cs, (RAS) _|

o

Byte control i

Note: n=2to5

Figure4.8 2-CASControl Timing (Upper Byte Write Access)
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H8S/2329 or
H8S/2328 Series chip
(Address shift size set to 9 bits)

S (RAS)
CAS
[CAS
FIWR (WE)

Ag

2-CAS type 4-Mbit DRAM
256-kbyte x 16-bit configuration
9-bit column address

> RAS
= UCAS

LCAS
WE

A, Row address input:
Ag to AO
Column address input:

M As  AgtoAg

Figure4.9 Exampleof 2-CASDRAM Connection
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4510 Burst Operation

With DRAM, in addition to full access (normal access) in which datais accessed by outputting a
row address for each access, afast page mode is also provided which can be used when making a
number of consecutive accesses to the same row address. This mode enables fast (burst) access of
data by simply changing the column address after the row address has been output. Burst access
can be selected by setting the BE bitin MCR to 1.

Burst Access (Fast Page M ode) Operation Timing: Figure 4.10 shows the operation timing for
burst access. When there are consecutive access cycles for DRAM space, the CAS signal and
column address output cycles (two states) continue as long as the row address is the same for
consecutive access cycles. The row address used for the comparison is set with bits MXC1 and
MXCO0in MCR.

Tc2

L

X Column 2 X:

CAS,[CAS _| | | I~
AWR (WE) | 1 i | i | i
Read ! ! ! i | ! |
DistoDp | ) j j ) — ()
AWR (WE) | | |
Write J ! ! ! | | 1
DistoDy ) —{ ‘

—

Note: n=2to5

The bus cycle can also be extended in burst access by inserting wait states. The wait state insertion

Figure4.10 Operation Timing in Fast Page M ode

method and timing are the same as for full access. For details, see section 4.5.8, Wait Control.

98

HITACHI




RAS Down Mode and RAS Up Mode: Even when burst operation is selected, it may happen that
accessto DRAM space is not continuous, but is interrupted by access to another space. In this
case, if the RAS signal is held low during the access to the other space, burst operation can be
resumed when the same row address in DRAM space is accessed again.

RAS down mode

To select RAS down mode, set the RCDM bit in MCR to 1. If accessto DRAM spaceis

interrupted and another space is accessed, the RAS signal is held low during the access to the
other space, and burst access is performed when the row address of the next DRAM space
access is the same as the row address of the previous DRAM space access. Figure 4.11 shows
an example of thetiming in RAS down mode.

Note, however, that the RAS signal will go high if arefresh operation occurs during RAS

down mode.

External
space access . DRAM access

T Lr
e e '
cs,mAS) | ]
e ST

Note: n=2to5

Figure4.11 Example of Operation Timingin RAS Down M ode
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* RASup mode

To select RAS up mode, clear the RCDM bit in MCR to 0. Each time access to DRAM space
isinterrupted and another space is accessed, the RAS signal goes high again. Burst operation is
only performed if DRAM space is continuous. Figure 4.12 shows an example of the timing in
RAS up mode. Note that in burst ROM space access, the RAS signal does not return to the
high level.

External

‘ DRAM access . DRAM access , space access |

i Tp ! T ! Ta1 ! T2 i Ta1 ! T2 i Ty ! T2 i
; | [
Ag3 to Ag A >< >< >< >< X:
_ _ ! 3 ! ‘ ! 3
CS,(RAS) 1 1 1 | 1 1 :
CAS,LCAS | | | 3 3
S

Note: n=2to5

Figure4.12 Example of Operation Timingin RAS Up Mode

4511 Refresh Control

The H85/2329 and H8S/2328 Series are provided with a DRAM refresh control function. Either of
two refreshing methods can be selected: CAS-before-RAS (CBR) refreshing, or self-refreshing.

CAS-before-RAS (CBR) Refreshing: To select CBR refreshing, set the RFSHE bit in DRAMCR
to 1, and clear the RMODE hit to 0.
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With CBR refreshing, RTCNT counts up using the input clock selected by bits CKS2 to CKS0 in
DRAMCR, and when the count matches the value set in RTCOR (compare match), refresh control
is performed. At the sametime, RTCNT isreset and starts counting again from H'00. Refreshing is
thus repeated at fixed intervals determined by RTCOR and bits CKS2 to CKS0. Set avalue in bits
CKS2 to CKS0 in RTCOR that will meet the refreshing interval specification for the DRAM used.

When bits CKS2 to CKS0 are set, RTCNT starts counting up. RTCNT and RTCOR settings
should therefore be completed before setting bits CKS2 to CKS0.

Do not clear the CMF flag when refresh control is performed (RFSHE = 1).

RTCNT operation is shown in figure 4.13, compare match timing in figure 4.14, and CBR refresh
timing in figure 4.15.

Another normal space access can be performed during the CBR refresh interval.

RTCOR

H'00

Refresh request |_| |_| |_| |_| |_|

Figure4.13 RTCNT Operation

RTCNT N >< HOO

RTCOR N

Refresh request
signal and CMF
bit setting signal

Figure4.14 Compare Match Timing
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Note: n=2to5

Figure4.15 CBR Refresh Timing

When the RCW hit is set to 1, RAS signal output is delayed by one cycle. Use bits RLW1 and
RLWO to adjust the width of the RAS signal. These bits are only enabled in refresh operations.

Figure 4.16 shows the timing when the RCW bit is set to 1.

cs, RAS) _|

CAS, LCAS

Note: n=2to5

Figure4.16 CBR Refresh Timing (When RCW =1, RLW1=0, RLW0=1)
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Self-Refreshing: A self-refresh mode (battery backup mode) is provided for DRAM as akind of
standby mode. In this mode, refresh timing and refresh addresses are generated within the DRAM.

To select self-refreshing, set the RFSHE bit and RMODE bit in DRAMCR to 1. When a SLEEP
instruction is executed to enter software standby mode, the CAS and RAS signals are output and
DRAM enters self-refresh mode, as shown in figure 4.17.

When software standby mode is exited, the RMODE bit is cleared to 0 and self-refresh mode is
exited.

If a CBR refresh request occurs when making atransition to software standby mode, CBR
refreshing is executed, then self-refresh mode is entered.

Software
| TRp ! TRer | | | standby ! Trez |
2 )fl
CS,, (RAS)
_ ))
CAS, LCAS
| («
))
. ; ; ; ; ((
HWR (WE) | ! : High )

Note: n=2to5

Figure4.17 Self-Refresh Timing
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4.6 DMAC Single Address Mode and DRAM Interface

When burst mode is selected with the DRAM interface, the DACK output timing can be selected
with the DDS bit. When DRAM space is accessed in DMAC single address mode at the same
time, the DDS bit selects whether or not burst accessis to be performed.

4.6.1 When DDS=1

Burst accessis performed by determining the address only, irrespective of the bus master. With
the DRAM interface, the DACK output goes low from the T, state.

Figure 4.18 shows the DACK output timing for the DRAM interface when DDS = 1.

A23 to AO

CS,, (RAS)

CAS (UCAS)
LCAS (LCAS)

HWR (WE) : :
Read : :
HWR (WE) 1 1
Write
D15 to DO < |

Note: n=2to5

Figure4.18 DACK Output Timing when DDS = 1 (Example of DRAM Access)
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4.6.2

When DDS=0

When DRAM spaceis accessed in DMAC single address mode, full access (normal access) is
always performed. With the DRAM interface, the DACK output goes low from the T, state.

In modes other than DMAC single address mode, burst access can be used when accessing DRAM

space.

Figure 4.19 shows the DACK output timing for the DRAM interface when DDS = 0.

Read

Write

° 1

CS,(RAS) |

>< Col‘umn ><

Note: n=21t05

Figure4.19 DACK Output Timing when DDS = 0 (Example of DRAM Access)
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4.7 Burst ROM Interface

47.1 Overview

With the H8S/2329 and H85/2328 Series, external space area 0 can be designated as burst ROM
space, and burst ROM interfacing performed. The burst ROM space interface enables 16-bit ROM
with burst access capability to be accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.
Consecutive burst accesses of a maximum or 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

4.7.2 Basic Timing

The number of statesin theinitial cycle (full access) of the burst ROM interface is determined by
the setting of the ASTO bit in ASTCR. When the ASTO bit is set to 1, wait state insertion isalso
possible. One or two states can be selected for the burst cycle, according to the setting of the
BRSTS1 bit in BCRH. Wait states cannot be inserted. When area O is designated as burst ROM
space, it functions as 16-bit access space regardless of the setting of the ABWO bit in ABWCR.

When the BRSTSO0 bit in BCRH is cleared to O, burst access of up to 4 words is performed; when
the BRSTSO hit is set to 1, burst access of up to 8 words is performed.

The basic access timing for burst ROM spaceis shown in figures 4.20 (a) and (b). The timing
shown in figure 4.20 (@) is for the case where the ASTO and BRST S1 bits are both set to 1, and
that in figure 4.20 (b) is for the case where both these bits are cleared to 0.
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Full access Burst access

CSp

Address \/
bus Only lower ad;:i\ress changed

AS
RD i
Data bus —< Read data >—< Read data >—< Read data >—

Figure4.20 (a) Example of Burst ROM Access Timing (When ASTO=BRSTS1=1)
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Full access Burst access

Ty Tz Ty Ty

Address Only lower address
bus changed
cs, _‘

RD

Data bus 4< Read data ><Read data><Read data>f

Figure4.20 (b) Exampleof Burst ROM Access Timing (When ASTO = BRSTS1 = 0)

47.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in theinitial cycle (full access) on the burst ROM interface. See section 4.4.2,
Wait Control.

Wait states cannot be inserted in a burst cycle.
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4.8 Idle Cycle

481 Operation

When the H8S/2329 or H85/2328 Series chip accesses external space, it can insert a 1-stateidle
cycle (T,) between bus cycles in the following two cases: (1) when read accesses in different areas
occur consecutively, and (2) when awrite cycle occursimmediately after aread cycle. By
inserting an idle cycle it is possible, for example, to avoid data collisions between ROM, etc., with
along output floating time, and high-speed memory, 1/0 interfaces, and so on.

Consecutive Readsin Different Areas; If consecutive reads in different areas occur while the
ICIS1 bitin BCRH isset to 1, anidle cycleisinserted at the start of the second read cycle. Thisis
enabled in advanced mode.

Figure 4.21 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle for ROM with along output floating time, and bus cycle B isaread cycle for SRAM, each
being located in adifferent area. In (a), an idle cycle is not inserted, and a collision occurs in bus
cycle B between the read data from ROM and that from SRAM. In (b), anidle cycleisinserted,
and adata collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

|
e
|
|
|

| |

-
| |
| |
| |

T, T, T3

o 1 1 I I Uy oL

Address busj( X X: Address busj ‘ X:
CS (area A) i (area A) i

CS (area B) ‘ | CS (area B) ‘ ‘ |—’_
] S R B S

Data bus m Data bus j—( i )—( b—

L t‘ t Data
ong output 4 ¢ jision
floating time
(a) Idle cycle not inserted (b) dle cycle inserted
(ICIs1=0) (ICIS1 =1 (initial value))

Figure4.21 Exampleof Idle Cycle Operation (1)
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Write after Read: If an external write occurs after an external read while the ICIS0 bit in BCRH
issetto 1, anidle cycleisinserted at the start of the write cycle.

Figure 4.22 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle for ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin bus cycle B between the read data from ROM
and the CPU write data. In (b), anidle cycleisinserted, and a data collision is prevented.

, BuscycleA  BuscycleB , BuscycleA = BuscycleB |
T T, Tl T T, T T, Ta T T T,
o S 1 O I EREREEERERERE
Address busj 9( X: Address busj X X:
CS (area A) ‘ CS (area A) ‘
CS(areaB) ! CS(areaB) ‘
RD L [ 7 Fo ] |
HWR | L mwR | | L1
~—=  [Dam
Long output collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICISO = 0) (ICISO = 1 (initial value))
Figure4.22 Exampleof Idle Cycle Operation (2)
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Relationship between Chip Select (CS) Signal and Read (RD) Signal: Depending on the
system’s load conditions, the RD signal may lag behind the CS signal. An exampleis shown in
figure 4.23.

In this case, with the setting for no idle cycle insertion (@), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycleinsertion, asin (b), however, will prevent any overlap between the RD and CS
signals.

Intheinitial state after reset release, idle cycleinsertion (b) is set.

Bus cycle A Bus cycle B , BuscycleA = Buscycle B
T T, Tl T T, T T, Ta T T T,
'] ]
Address busj X DC Address busj X 9(:

CS (area A) CS (area A) ‘
CS (area B) 1 CS(areaB) | !

m1—|7ﬁ§rm§ i |

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (ICIS1 =1 (initial value))

Figure4.23 Relationship between Chip Select (CS) and Read (RD)

111
HITACHI




Usage Notes: When DRAM spaceis accessed, the ICISO and ICISL bit settings are disabled. In
the case of consecutive readsin different areas, for example, if the second accessisa DRAM
access, only aT,cycleisinserted, and aT, cycleis not. The timing in this case is shown in figure
4.24. However, in burst access in RAS down mode, the settings of these bits are enabled and an
idle cycleisinserted. Thetiming in this case is shown in figures 4.25 (a) and (b).

‘ External read DRAM space read ‘

T, T T3 1 Tp T Ta Te

o LU UL

Address busj X >< X
ST I e N
Data bus 4<::> D

Figure4.24 Example of DRAM Access after External Read

DRAM space read External read DRAM space read

Tp Tr Tcl Tcz TI Tl T2 T3 Tcl Tcl Tcz
EXTAL
Address bus E X X )E( )E( XE
FD | I e I i I
RAS : :
CAS,[CAS | | : L]
Data bus ' 1) : Q_

Idle cycle

Figure4.25 (a) Exampleof Idle Cycle Insertion in RAS Down Mode (ICIS1 = 1)
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DRAM space read External read DRAM space write

Tp T, T Teo T Ty T, T3 Ter s Teo
L e A eV e Y e Y e Y e T s Y s ) s Y s
Address bus ; X X );( );( >;<:
LI S gy B |
o —
Data bus : C'_\é_/ E E>—

Idle cycle

Figure4.25 (b) Exampleof Idle CycleInsertion in RAS Down Mode (1CISO = 1)

4.8.2 Pin Statesin Idle Cycle
Table 4.7 shows the pin statesin an idle cycle.

Table4.7 Pin Statesin ldleCycle

Pins Pin State

A, t0 A, Contents of following bus cycle

D, to D, High impedance

CS,*? High**

CAS High

AS High

RD High

HWR High

LWR High

DACK, *® High

Notes: 1. Remains low in DRAM space RAS down mode or a refresh cycle.
2. n=0to7
3. m=0orl
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49 Write Data Buffer Function

The H85/2329 and H8S/2328 Series have a write data buffer function for the external data bus.
Using the write data buffer function enables external writes and DMA single address mode
transfers to be executed in parallel with internal accesses. The write data buffer function is made
available by setting the WDBE bit in BCRL to 1.

Figure 4.26 shows an example of the timing when the write data buffer function is used. When this
function is used, if an external write or DMA single address mode transfer continues for two states
or longer, and there is an internal access next, an externa write only is executed in the first state,
but from the next state onward an internal access (on-chip memory or internal 1/0 register
read/write) is executed in parallel with the external write rather than waiting until it ends.

Internal I/O

On-chip memory read register read
} External write cycle w
o T, Tw Tw Ty |

Internal memory Internal I/O register
address

Ax3 10 Ag >< External address
External CSn
space <
write - ] |
HWR, LWR ! :
D15 to DO ‘%_< i:

Note:n=0to 7

Figure4.26 Example of Timing when Write Data Buffer Function is Used
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410 BusReease

4101 Overview

The H85/2329 or H8S/2328 Series chip can release the external bus in response to a bus request
from an externa device. In the external bus-released state, the internal bus master continues to
operate aslong as thereis no external access.

If an internal bus master wants to make an external access in the external bus-released state, or if a
refresh request is generated, it can issue a request off-chip for the bus request to be dropped.

The BREQOPS hit can be used to change the BREQO output pin from PF, to P5;.

4.10.2 Operation

In external expanded mode, the bus can be released to an external device by setting the BRLE bit
in BCRL to 1. Driving the BREQ pin low issues an external bus request to the H85/2329 or
H8S/2328 Series chip. When the BREQ pin is sampled, at the prescribed timing the BACK pinis
driven low, and the address bus, data bus, and bus control signals are placed in the high-
impedance state, establishing the external bus-released state.

In the external bus-released state, an internal bus master can perform accesses using the internal
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped. If arefresh request is generated in the external bus-released state, refresh control is
deferred until the external bus master drops the bus request.

If the BREQOE bit in BCRL is set to 1, when an internal bus master wants to make an external
access in the external bus-released state, or when arefresh request is generated, the BREQO pinis
driven low and arequest can be made off-chip to drop the bus request.

When the BREQ pin goes high, the BACK pin isdriven high at the prescribed timing and the
external bus-released state is terminated.

If an external bus release request and external access occur simultaneously, the order of priority is
asfollows:

(High) External bus release > Internal bus master external access (Low)

If arefresh request and external bus release request occur simultaneously, the order of priority is
asfollows:

(High) Refresh > External bus release (Low)
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As arefresh and an external access by an internal bus master can be executed simultaneously,
there is no relative order of priority for these two operations.

410.3 Pin Statesin External-Bus-Released State
Table 4.8 shows pin states in the external-bus-released state.

Table4.8 Pin Statesin Bus-Released State

Pins Pin State
A, to A, High impedance
D, to D, High impedance
CS*! High impedance
CAS High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
DACK, *? High
Notes: 1. n=0to 7

2. m=0orl
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410.4 Transition Timing

Figure 4.27 shows the timing for transition to the bus-released state.

CPU cycle External-bus-released state CPU cycle

To Ty T,
o 1T LT LI LML
: : High im edaﬁce :/——
Address >< Address ) ) p ; .
bus !
High impedance

Data bus : )/

High impedance /A

} High impedance

n
High impedanﬁce /——
n

LWR ! !

mea /

Bk \ [

BREQO* ; Minimum ! \ ; /7
3 1 state 1 1 1
. | |
[1] [2] [3] [4] [5] (6]

[1] Low level of BREQ pin is sampled at fall of T, state.

[2] BACK pin is driven low at end of CPU read cycle, releasing bus to external bus master.
[3] BREQ pin state is still sampled in external-bus-released state.

[4] High level of BREQ pin is sampled.

[5] BACK pin is driven high, ending bus release cycle.

[6] BREQO signal goes high 1.5 clocks after rise of BACK signal.

Note: * Output only when BREQOE = 1.

Figure4.27 Bus-Released State Transition Timing
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4.10.5 UsageNote

If MSTPCR is set to H'FFFF or H'EFFF and atransition is made to sleep mode, the external bus
release function will halt. Therefore, these settings should not be used.

411 Bus Arbitration

4111 Overview
The H85/2329 and H8S/2328 Series have a bus arbiter that arbitrates bus master operations.

There are three bus masters, the CPU, DTC, and DMAC, which perform read/write operations
when they have possession of the bus. Each bus master requests the bus by means of a bus request
signal. The bus arbiter determines priorities at the prescribed timing, and permits use of the bus by
means of a bus regquest acknowledge signal. The selected bus master then takes possession of the
bus and begins its operation.

4112 Operation

The bus arbiter monitors the bus masters’ bus request signals, and if the busis requested, sends a
bus request acknowledge signal to the bus master making the request. If there are bus requests
from more than one bus master, the bus request acknowledge signal is sent to the one with the
highest priority. When a bus master receives the bus request acknowledge signal, it takes
possession of the bus until that signal is canceled.

The order of priority of the bus mastersis asfollows:
(High) DMAC > DTC > CPU (Low)

An external access by an internal bus master, external bus release, and arefresh can be executed in
parallel.

If an external bus release request, arefresh request, and an external access by an internal bus
master occur simultaneously, the order of priority is asfollows:

(High) Refresh > External bus release (Low)
(High) External bus release > Internal bus master external access (Low)

As arefresh and an external access by an internal bus master can be executed simultaneously,
there is no relative order of priority for these two operations.
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4113 BusTransfer Timing

Even if abusrequest is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if a bus request is received from the DTC or
DMAC, the bus arbiter transfers the bus to the bus master that issued the request. The timing for
transfer of the busis as follows:

« Thebusistransferred at a break between bus cycles. However, if abus cycle is executed in
discrete operations, as in the case of alongword-size access, the busis not transferred between
the component operations. For details of times when the bus is not transferred, see appendix
A.5, Bus States During Instruction Execution, in the Hardware Manual.

e |If the CPU isin sleep mode, it transfers the bus immediately.
DTC: The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC can release the bus after a vector read, aregister information read (3 states), asingle data
transfer, or aregister information write (3 states). It does not release the bus during aregister
information read (3 states), asingle data transfer, or aregister information write (3 states).

DMAC: The DMAC sends the bus arbiter a request for the bus when an activation request is
generated.

In the case of an external request in short address mode or normal mode, and in cycle steal mode,
the DMAC releases the bus after a single transfer.

In block transfer mode, it rel eases the bus after transfer of one block, and in burst mode, after
completion of the transfer.

4114 Noteon Useof External Bus Release

External bus release can be performed on completion of an external bus cycle. The RD signal and
the DRAM interface RAS and CAS signals remain low until the end of the external bus cycle.
Therefore, when external bus release is performed, the RD, RAS, and CAS signals may change
from the low level to the high-impedance state.

412 BusController Operation in a Reset

In areset, the chip, including the bus controller, enters the reset state immediately, and any
executing bus cycleis aborted.EE
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Section 5 1/O Ports

51 Overview

The H85/2329 and H8S/2328 Series have 12 1/0 ports (ports 1, 2, 3, 5, 6, and A to G), and one
input-only port (port 4).

Table 5.1 summarizes the port functions. The pins of each port also have other functions.

Each port includes a data direction register (DDR) that controls input/output (not provided for the
input-only port), adataregister (DR) that stores output data, and a port register (PORT) used to
read the pin states.

Ports A to E have a built-in MOS pull-up function, and in addition to DR and DDR, have aMOS
input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Port 3 and port A include an open drain control register (ODR) that controls the on/off state of the
output buffer PMOS.

Ports1 and A to F can driveasingle TTL load and 50 pF capacitive load, and ports 2, 3, 5, 6, and
G candriveasingle TTL load and 30 pF capacitive |oad.

Ports 1, 2, and 5 (only when used for IRQ input), and pins 6, to 6, and A , to A, are Schmitt-
triggered inputs.
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Table5.1

Port Functions

Port |Description Pins Mode 4*! Mode 5** Mode 6 Mode 7
Port 1 | 8-bit /O P1,/PO,s/TIOCB,/TCLKD |[8-bit I/O port also functioning as DMA controller output pins
port P1,/PO,,/TIOCA, (DACK, and DACK,), TPU I/O pins (TCLKA, TCLKB,

o Schmitt- / 14/ / TCLKC, TCLKD, TIOCA,, TIOCB,, TIOCC,, TIOCD,,
wiggered | " Ls/POw/TIOCB/TCLKC 1i6ca TiOCB,, TIOCA,, TIOCB,) and PPG output pins
input P1,/PO,/TIOCA, (PO,; to POy)

P1,/PO,,/TIOCD,/TCLKB
P1,/PO,/TIOCC,/TCLKA
P1,/PO,/TIOCB,/DACK,
P1,/PO,/TIOCA,/DACK,
Port 2 |* 8-bit I/O P2,/PO,/TIOCB,/TMO, 8-bit 1/0O port also functioning as TPU I/O pins (TIOCA,,
port P2 /PO/TIOCA/TMO. | TIOCB,, TIOCC,, TIOCD,, TIOCA,, TIOCB,, TIOCA,

* Schmitt- P26/P S/TI BS/TM T TIOCBj), 8-bit timer (channels 0 and 1) I/O pins (TMRI,,
triggered s/POS/TIOCB,/TMCl, I 1yc) "TMO,, TMRI,, TMCI,, TMO,) and PPG output pins
input P2,/PO,/TIOCA,/TMRI, (PO, to PO,)

P2,/PO,/TIOCD,/TMCI,
P2,/PO,/TIOCC,/TMRI,
P2,/PO,/TIOCB,
P2,/PO,/TIOCA,
Port 3 |* 6-bit I/O P3,/SCK, 6-bit I/O port also functioning as SCI (channel 0 and 1) I/O
port P3,/SCK, pins (TxD,, RxD,, SCK,, TxD,, RxD,, SCK;)

* Open-drain
output P3,/RxD,
capability |P32/RxD,

P3,/TXD,
P3,/TXD,
Port 4 |+ 8-bitinput |P4,/AN,/DA,; 8-bit input port also functioning as A/D converter analog
port P4,/AN/DA, inputs (AN, to AN,) and D/A converter analog outputs (DA,
o e and DA,)
P4 /AN,
P4,/AN,
P4,/AN,
P4,/AN,
P4,/AN,
P4, /AN,
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Port |Description Pins Mode 4** Mode 5** Mode 6 Mode 7
Port 5 |+ 4-bit I/O P5,/ADTRG/IRQ7/WAIT/ |1/O port also functioning as A/D converter  |I/O port also
port BREQO input pin (ADTRG), and as interrupt input pin| functioning as
» Schmitt- (IRQ;) when IRQPAS =1, WAIT input pin A/D converter
triggered when WAITE = 1, BREQOE = 0, WAITPS = |input pin
input 1, DDR =0, and WAITE = 0, BREQOE =1, [(ADTRG),
(IRQ input BREQO output pin when BREQOPS =1 and as inter-
only) rupt input pin
(IRQ,) when
IRQPAS =1
P5,/SCK,/IRQ, I/0 port also functioning as SCI (channel 2) I/O pins (TxD,,
P5./RxD./TRQ. RxD,, SCK,), and as interrupt input pins (IRQ, to IRQy)
voomE s when IRQPAS = 1
P5,/TXD,/IRQ,
Port 6 |* 8-bit I/0 P6,/IRQ,/CS, 8-hit I/0 port also functioning as DMA 8-bit 1/0 port
port P6,/IRQ,/CS, controller 1/0 pins (DREQ,, T_ENDO_,DREQl, _also fu_nction-
« Schmitt- P6TRA TEND,), bus control output pins (CS,to  |ing as inter-
triggered 6 _Ql CS;), and interrupt input pins (IRQ, to IRQ,) |rupt input pins
input P6,/IRQ, (IRQ, to IRQ;)
(P6, to P6;) | P6,/TEND,
P6,/DREQ,
P6,/TEND,/CS,
P6,/DREQ,/CS,
Port A |* 8-bit I/0 PA,/A,,/IRQ, When DDR = 0 (after reset): |When DDR = |Dual function
port PAG/A,,TRQ, dual function as input ports |0 (after reset):|as I/O ports
« Built-in ARG and interrupt input pins (IRQ, |dual function |and interrupt
MOS input PAs/Az s to IRQg) as input ports |input pins
pull-up When DDR = 1 and A23E to |and interrupt |(IRQ; to IRQ,)
+ Open-drain A21E = 1: address output ~ |INPUtpins__
output When DDR =1 and A23 to |0 0 1RQ)
capability A21E = 0: DR value output
* Schmitt- PA,/A,/IRQ, /0 port also functioning as | hen DDR =
triggered address output and interrupt |1 @nd A23E to
input input pin (IRQ,) A20E = 1:
(PA, to PA,) address
output
When DDR =
1 and A23E to
A20E = 0: DR
value output
PAS/A 4 to PAA 4 Address output When DDR = |I/O ports
0 (after reset):
input ports
When DDR =
1: address
output

HITACHI
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Port |Description Pins Mode 4** Mode 5** Mode 6 Mode 7
Port B | 8-bit /O PB,/A,; to PBy/A, Address output When DDR = |I/O port
port 0 (after reset):
* Built-in input port
MOS input When DDR =
pull-up 1: address
output
Port C | 8-bit /O PC,/A, to PCy/A, Address output When DDR = |I/O port
port 0 (after reset):
* Built-in input port
MOS input When DDR =
pull-up 1: address
output
Port D | 8-bit /O PD,/D, to PD,/Dg Data bus input/output I/O port
port
* Built-in
MOS input
pull-up
Port E |+ 8-bit I/O PE,/D, to PE,/D, In 8-bit bus mode: 1/0 port I/0 port
port In 16-bit bus mode: data bus input/output
* Built-in
MOS input
pull-up
Port F | 8-bit I/O PF./g When DDR = 0: input port When DDR =
port When DDR = 1 (after reset): g output 0 (after reset):
input port
When DDR =
1: @ output
PF,/AS When ASOD = 1: I/O port I/0 port
When ASOD = 0: AS output
PF,/RD RD, HWR output
PF,/AWR
PF,/LWR When LWROD = 1: I/O port
When LWROD = 0: LWR output
PF,/LCAS/WAIT/BREQO |When WAITE =0 and BREQOE = 0 (after
reset): /0 port
When WAITE = 1, BREQOE = 0, and
WAITPS = 0, DDR = 0: WAIT input
When WAITE = 0, BREQOE =1, and
BREQOPS = 0: BREQO output
When RMTS2 to RMTSO0= B'001 to B'011,
and 16-bit access space is set: LCAS output
PF,/BACK When BRLE = 0 (after reset): I/O port
PF,/BREQ When BRLE = 1: BREQ input, BACK output
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Port |Description Pins Mode 4** Mode 5** Mode 6 Mode 7
Port G |+ 5-bit I/O PG,/CS, When DDR = 0*2: input port I/O port
port When DDR = 1*3: CSO0 output
PG,/CS, When DDR = 0O (after reset): input port
When CS167E = 0 and DDR = 1: output port
When CS167E = 1 and DDR = 1: CS1
output
PG,/CS, When DDR = 0 (after reset): input port
When CS25E = 0 and DDR = 1: output port
When CS25E = 1 and DDR = 1: CS2 output
PG,/CS, When DDR = 0O (after reset): input port
When CS25E = 0 and DDR = 1: output port
When CS25E = 1 and DDR = 1: CS3 output
PG,/CAS DRAM space set: CAS output
Otherwise (after reset): 1/O port
Notes: 1. Only modes 4 and 5 are provided in the ROMIless version.
2. After areset in mode 6
3. After aresetin mode 4 or 5
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5.2 Port 1

521 Overview

Port 1 isan 8-hit I/O port. Port 1 pins also function as PPG output pins (PO,5 to POg), TPU 1/0
pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCA,, TIOCB,, TIOCC,, TIOCD,, TIOCA,,
TIOCB,, TIOCA,, and TIOCB,), and DMAC output pins (DACK, and DACK,). Port 1 pin
functions are the same in all operating modes. Port 1 uses Schmitt-triggered input.

Figure 5.1 showsthe port 1 pin configuration.

Port 1 pins

~— P1, (1/0) / POy (output) / TIOCB, (I/O) / TCLKD (input)
— P1, (I/0) / POy, (output) / TIOCA, (I/O)
~— P1; (I/O) / PO5 (output) / TIOCB, (I/O) / TCLKC (input)
~— P1, (1/0)/ POy, (output) / TIOCA; (1/O)
Port 4 l—m P1, (I/0) / POy, (output) / TIOCDy (I/0) / TCLKB (input)
~— P1, (1/0) / POy, (output) / TIOCC, (I/O) / TCLKA (input)

— P1, (I/0)/ POg (output)/ TIOCB (I/O) / DACK; (output)

<> P1,(1/0)/ POg (output) / TIOCA, (/0) / DACK, (output)

Figure5.1 Port 1 Pin Functions
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522 Register Configuration
Table 5.2 shows the port 1 register configuration.

Table5.2 Port 1 Registers

Name Abbreviation R/W Initial Value Address*
Port 1 data direction register P1DDR W H'00 H'FEBO
Port 1 data register P1DR R/W H'00 H'FF60
Port 1 register PORT1 R Undefined H'FF50

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1LDDR)

Bit L7 6 5 4 3 2 1 0

| P17DDR | P16DDR| P15DDR | P14DDR| P13DDR | P12DDR| P11DDR | P10DDR)|
Initial value : 0 0 0 0 0 0 0 0
RIW SRYY W W W W W W W

P1DDR is an 8-hit write-only register, the individua bits of which specify input or output for the
pins of port 1. PLDDR cannot be read; if it is, an undefined value will be read.

Setting a PADDR bit to 1 makes the corresponding port 1 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P1DDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.
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Port 1 Data Register (P1DR)

Bit L7 6 5 4 3 2 1 0

| PI7DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

P1DR is an 8-bit readable/writable register that stores output data for the port 1 pins (P1, to P1,).

P1DR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 1 Register (PORT1)

Bit : 7 6 5 4 3 2 1 0
‘ P17 ‘ P16 ‘ P15 ‘ P14 ] P13 ] P12 \ P11 \ P10

Initial value : —* —* — —* = _* _ %

RIW : R R R R R R R R

Note: * Determined by state of pins P1, to P1,.

PORT1 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P1, to P1,) must aways be performed on P1DR.

If aport 1 read is performed while PADDR bits are set to 1, the PIDR values are read. If aport 1
read is performed while PADDR bits are cleared to O, the pin states are read.

After areset and in hardware standby mode, PORT 1 contents are determined by the pin states, as
P1DDR and P1DR areinitialized. PORT1 retainsits prior state in software standby mode.
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523

Pin Functions

Port 1 pins aso function as PPG output pins (PO,5 to POg), TPU 1/O pins (TCLKA, TCLKB,
TCLKC, TCLKD, TIOCA,, TIOCB,, TIOCC,, TIOCD,, TIOCA,, TIOCB,, TIOCA,, and
TIOCB,), and DMAC output pins (DACK, and DACK,). Port 1 pin functions are shown in table

5.3.

Table5.3

Pin

Port 1 Pin Functions

Selection Method and Pin Functions

P1,/PO,./
TIOCB,/TCLKD

The pin function is switched as shown below according to the combination of
the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits I0OB3 to IOB0O
in TIOR2, and bits CCLR1 and CCLRO in TCR2), bits TPSC2 to TPSCO in

TCRO and TCRS5, bit NDER15 in NDERH, and bit P17DDR.

TPU Channel

2 Setting Table Below (1) Table Below (2)

P17DDR — 0 1 1

NDER15 — — 0 1

Pin function TIOCB, output P1, P1, PO,
input output output

TIOCB, input**

TCLKD input*?

Notes: 1. TIOCB, input when MD3 to MDO = B'0000 or B'01xx, and IOB3 = 1.
2. TCLKD input when the setting for either TCRO or TCR5 is: TPSC2

to TPSCO =B'111.

TCLKD input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
2 Setting 2 (D) 2 2 ) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3to IOBO | B'0000 |B'0001to] — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxXx B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Pin Selection Method and Pin Functions
P1,/PO,,/ The pin function is switched as shown below according to the combination of
TIOCA, the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOA3 to IOA0
in TIOR2, and bits CCLR1 and CCLRO in TCR2), bit NDER14 in NDERH, and
bit P16DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
P16DDR — 0 1 1
NDER14 — — 0 1
Pin function TIOCA, output P1, P1, PO,,
input output output
TIOCA, input**
TPU Channel
2 Setting ) 1) ) 1) @ 2
MD3 to MDO B'0000, B'01xx B'001x | B'0011 B'0011
IOA3 to IOA0 | B'O000 |B'0001 to B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'OlOl to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care
Notes: 1. TIOCA, input when MD3 to MDO = B'0000 or B'01xx, and IOA3 = 1.
2. TIOCB, output is disabled.
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Pin

Selection Method and Pin Functions

P1,/PO,,/
TIOCB,/TCLKC

The pin function is switched as shown below according to the combination of
the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits I0OB3 to IOB0
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bits TPSC2 to TPSCO in
TCRO, TCR2, TCR4, and TCRS5, bit NDER13 in NDERH, and bit P15DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)

P15DDR — 0 1 1

NDER13 — — 0 1

Pin function TIOCB, output P1, P1, PO,
input output output

TIOCB, input**

TCLKC input*?

Notes: 1. TIOCB, input when MD3 to MDO = B'0000 or B'01xx, and IOB3
to IOBO = B'10xx.

2. TCLKC input when the setting for either TCRO or TCR2 is: TPSC2

to TPSCO = B'110; or when the setting for either TCR4 or TCR5 is

TPSC2 to TPSCO = B'101.

TCLKC input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
1 Setting ) @) ) ) 1) (2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 | B'0011
B']_XXX B'OlOl to
B'0111
CCLR1, — — — — Other B'10
CCLRO than
B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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Pin Selection Method and Pin Functions
P1,/PO,,/ The pin function is switched as shown below according to the combination of
TIOCA, the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOA3 to IOAO
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bit NDER12 in NDERH, and
bit P14DDR.
TPU Channel
1 Setting Table Below (1) Table Below (2)
P14DDR — 0 1 1
NDER12 — — 0 1
Pin function TIOCA, output P1, P1, PO,,
input output output
TIOCA, input**
TPU Channel
1 Setting (2) (1) (2) (1) (1) (2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001to| B'xx00 Other | Other than B'xx00
B'0100 |B'0011 than
B'1xxx B'OlOl to B'xx00
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care
Notes: 1. TIOCA, input when MD3 to MDO = B'0000 or B'01xx, and IOA3 to
I0AO = B'10xx.
2. TIOCB, output is disabled.
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Pin

Selection Method and Pin Functions

P1,/PO,,/
TIOCD,/TCLKB

The pin function is switched as shown below according to the combination of
the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOD3 to I0ODO
in TIOROL, and bits CCLR2 to CCLRO in TCRO0), bits TPSC2 to TPSCO in

TCRO to TCR2, bit NDER11 in NDERH, and bit P13DDR.

TPU Channel

0 Setting Table Below (1) Table Below (2)

P13DDR — 0 1 1

NDER11 — — 0 1

Pin function TIOCD, output P1, P1, PO,
input output output

TIOCD, input**

TCLKB input*?

Notes: 1. TIOCD, input when MD3 to MDO = B'0000, and IOD3 to IODO0 =

B'10xx.
2. TCLKB input when the setting for TCRO to TCR2 is: TPSC2 to

TPSCO =B'101.

TCLKB input when channels 1 and 5 are set to phase counting

mode.
TPU Channel
0 Setting 2 @) 2 2 ) )]
MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IODO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00

B'0100 | B'0011
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don't care
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Pin

Selection Method and Pin Functions

P1,/PO,,/
TIOCC,/TCLKA

The pin function is switched as shown below according to the combination of
the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOC3 to IOCO
in TIOROL, and bits CCLR2 to CCLRO in TCRO0), bits TPSC2 to TPSCO in

TCRO to TCR5, bit NDER10 in NDERH, and bit P12DDR.

TPU Channel
0 Setting

Table Below (1)

Table Below (2)

P12DDR

0

1

NDER10

0

Pin function

TIOCC, output

P1,
input

P1,
output

TIOCC, input**

TCLKA

input*?

TPU Channel
0 Setting

) 1) )

1)

1)

MD3 to MDO

B'0000 B'001x

B'0010

B'0011

I0C3 to I0OCO

B'0000 |B'0001 to| B'xx00

B'0100 |B'0011
B'1xXxX B'0101 to

B'0111

Other than B'xx00

CCLR2 to
CCLRO

Other
than
B'101

Output
function

— Output —
compare
output

PWM

mode

output*

PWM
1| mode 2
*| output

Notes: 1.

output

B'101

B'10xx.

2. TCLKA input when the setting for TCRO to TCR5 is: TPSC2 to
TPSCO = B'100.

TCLKA input when channels 1 and 5 are set to phase counting

mode.
3. TIOCD, output is disabled.

x: Don't care

TIOCC, input when MD3 to MDO = B'0000, and I0C3 to I0CO =

When BFA = 1 or BFB = 1 in TMDRO, output is disabled and
setting (2) applies.
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Pin

Selection Method and Pin Functions

P1,/PO,/TIOCB,/
DACK,

The pin function is switched as shown below according to the combination of
the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits I0OB3 to IOB0
in TIOROH, and bits CCLR2 to CCLRO in TCRO), bit NDER9 in NDERH, bit

SAE1 in DMABCRH, and bit P11DDR.

SAE1l 0 1

TPU Channel Table

0 Setting Below (1) Table Below (2)

P11DDR — 0 1 1 —

NDER9 — — 0 1 —

Pin function TIOCB, P1, P1, PO, DACK,
output input output output output

TIOCB, input*

Note: * TIOCB, input when MD3 to MDO = B'0000, and IOB3 to IOBO = B'10xx.

TPU Channel
0 Setting 2 (D) 2 2 ) )
MD3 to MDO B'0000 B'0010 B'0011
IOB3to IOBO | B'0000 |B'0001to] — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxXx B'0101 to
B'0111
CCLR2to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
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Pin Selection Method and Pin Functions
P1,/PO,TIOCA,/ The pin function is switched as shown below according to the combination of
DACK, the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOA3 to IOAO
in TIOROH, and bits CCLR2 to CCLRO in TCRO0), bit NDER8 in NDERH, bit
SAEO in DMABCRH, and bit P10DDR.
SAEO 0 1
TPU Channel Table
0 Setting Below (1) Table Below (2) —
P10DDR — 0 1 1 —
NDERS — — 0 1 —
Pin function TIOCA, P1, P1, PO, DACK,
output input output output output
TIOCA, input**
TPU Channel
0 Setting 2) 1) (2) 1) 1) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xXxX B'0101 to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don’t care
Notes: 1. TIOCA, input when MD3 to MDO = B'0000, and IOA3 to IOAQ0 =
B'10xx.
2. TIOCB, output is disabled.
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53 Port 2

531 Overview

Port 2 isan 8-hit I/O port. Port 2 pins also function as PPG output pins (PO, to PO,), TPU 1/O pins
(TIOCA;, TIOCB;, TIOCC;,, TIOCD,, TIOCA,, TIOCB,, TIOCA;, and TIOCB;) and 8-bit timer
1/0 pins (TMRI,, TMCl,, TMO,, TMRI,, TMCI,, TMO,). Port 2 pin functions are the samein all
operating modes. Port 2 uses Schmitt-triggered input.

Figure 5.2 showsthe port 2 pin configuration.

Port 2 pins

~— P2 (1/0) / PO, (output) / TIOCBg (I/O) / TMO, (output)
— P2 (1/0) / POg (output) / TIOCAg (1/0) / TMO, (output)
— P2 (I/0) / POg (output) / TIOCB, (I/0) / TMCI; (input)
Y P2, (1/0) 1 PO, (output) / TIOCA, (1/0) / TMRI, (input)
= P2, (1/0) / PO3 (output) / TIOCD; (I/O) / TMClI, (input)
~— P2, (I/0) / PO, (output) / TIOCC; (I/O) / TMRI, (input)

< P2, (1/0) / PO, (output) / TIOCB; (I/O)

—» P2, (I/0) / PO, (output) / TIOCA; (1/O)

Figure5.2 Port 2 Pin Functions
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532 Register Configuration
Table 5.4 shows the port 2 register configuration.

Table54 Port 2 Registers

Name Abbreviation R/W Initial Value Address*
Port 2 data direction register P2DDR W H'00 H'FEB1
Port 2 data register P2DR R/W H'00 H'FF61
Port 2 register PORT2 R Undefined H'FF51

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

Bit L7 6 5 4 3 2 1 0

| P27DDR | P26DDR| P25DDR | P24DDR| P23DDR | P22DDR| P21DDR | P20DDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w W W W W

P2DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 2. P2DDR cannot be read; if it is, an undefined value will be read.

Setting a P2DDR hit to 1 makes the corresponding port 2 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P2DDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.
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Port 2 Data Register (P2DR)

Bit L7 6 5 4 3 2 1 0

| P27DR | P26DR | P25DR | P24DR | P23DR | P22DR | P21DR | P20DR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

P2DR is an 8-bit readable/writable register that stores output data for the port 2 pins (P2, to P2,).

P2DR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 2 Register (PORT?2)

Bit L7 6 5 4 3 2 1 0

| P27 | P26 | P25 | P24 | P23 | P22 | P21 | P20
Initial value : —* —* — —* = _* _* _
RIW . R R R R R R R R

Note: * Determined by state of pins P2, to P2,.

PORT2 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 2 pins (P2, to P2,) must aways be performed on P2DR.

If aport 2 read is performed while P2DDR bits are set to 1, the P2DR values are read. If a port 2
read is performed while P2DDR bits are cleared to O, the pin states are read.

After areset and in hardware standby mode, PORT2 contents are determined by the pin states, as
P2DDR and P2DR areinitialized. PORT2 retainsits prior state in software standby mode.
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533

Pin Functions

Port 2 pins also function as PPG output pins (PO, to PO,) and TPU I/O pins (TIOCA;, TIOCB,,
TIOCC,, TIOCD,, TIOCA,, TIOCB,, TIOCA;, and TIOCB:), and 8-hit timer 1/0 pins (TMRI ,
TMCl,, TMO,, TMRI,, TMCI,, and TMO,). Port 2 pin functions are shown in table 5.5.

Table55 Port 2 Pin Functions
Pin Selection Method and Pin Functions
P2,/PO,/TIOCB,/ The pin function is switched as shown below according to the combination of
TMO, the TPU channel 5 setting (by bits MD3 to MDO in TMDRS5, bits I0OB3 to IOB0O
in TIOR5, and bits CCLR1 and CCLRO in TCR5), bit NDER7 in NDERL, bits
0S3to OS0 in TCSR1, and bit P27DDR.
0S3to OSO AllO Not all 0
TPU Channel Table
5 Setting Below (1) Table Below (2) —
P27DDR — 0 1 1 —
NDERY — — 0 1 —
Pin function TIOCB, P2, P2, PO, TMO,
output input output output output
TIOCB; input*
Note: * TIOCB, input when MD3 to MDO = B'0000 or B'01xx, and IOB3 = 1.
TPU Channel
5 Setting (2) 1) (2 2) Q) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xXxX B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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Pin

Selection Method and Pin Functions

P2,/PO,/TIOCA,/
T™O,

The pin function is switched as shown below according to the combination of
the TPU channel 5 setting (by bits MD3 to MDO in TMDRS5, bits IOA3 to IOAQ
in TIOR5, and bits CCLR1 and CCLRO in TCRS5), bit NDER6 in NDERL, bits

0S3to OS0 in TCSRO, and bit P26DDR.

0S3to OSO All 0 Not all 0
TPU Channel Table
5 Setting Below (1) Table Below (2) —
P26DDR — 0 1 1 —
NDER6 — — 0 1 —
Pin function TIOCA, P2, P2, PO, T™MO,

output input output output output

TIOCA, input**
TPU Channel
5 Setting 2 Q) 2 1) 1) )
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
I0OA3 to IOAO | B'0O000 |B'0001to B'xx00 Other than B'xx00
B'0100 | B'001l
B'1xXxX B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don’t care

Notes: 1. TIOCA, input when MD3 to MDO = B'0000 or B'01xx, and IOA3 = 1.

2. TIOCB; output is disabled.
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Pin Selection Method and Pin Functions

P2./PO./TIOCB,/ This pin is used as the 8-bit timer external clock input pin when an external
TMCI, clock is selected with bits CKS2 to CKSO0 in TCR1.

The pin function is switched as shown below according to the combination of
the TPU channel 4 setting (by bits MD3 to MDO in TMDRA4, bits IOB3 to I0B0O
in TIOR4, and bits CCLR1 and CCLRO in TCR4), bit NDERS5 in NDERL, and bit

P25DDR.
TPU Channel
4 Setting Table Below (1) Table Below (2)
P25DDR — 0 1 1
NDERS5 — — 0 1
Pin function TIOCB, output P2, P2, PO,
input output output
TIOCB, input®
TMCI, input
Note: * TIOCB, input when MD3 to MDO = B'0000 or B'01xx, and I0B3 to I0BO
= B'10xx.
TPU Channel
4 Setting (2) 1) (2 2) Q) 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
IOB3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xXxX B'0101 to
B'0111

CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2

output output

x: Don’t care
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Pin Selection Method and Pin Functions
P2,/PO,/TIOCA,/ This pinis used as the 8-bit timer counter reset pin when bits CCLR1 and
TMRI, CCLRO in TCR1 are both setto 1.

The pin function is switched as shown below according to the combination of
the TPU channel 4 setting (by bits MD3 to MDO in TMDRA4, bits IOA3 to IOAO
in TIOR4, and bits CCLR1 and CCLRO in TCR4), bit NDER4 in NDERL, and bit

P24DDR.
TPU Channel
4 Setting Table Below (1) Table Below (2)
P24DDR — 0 1 1
NDER4 — — 0 1
Pin function TIOCA, output P2, P2, PO,
input output output
TIOCA, input**
TMRI, input
TPU Channel
4 Setting (2) (1) (2) (1) (1) 2
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001to B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'OlOl to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care

Notes: 1. TIOCA, input when MD3 to MDO = B'0000 or B'01xx, and IOA3 to
IOAQ = B'10xx.

2. TIOCB, output is disabled.
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Pin

Selection Method and Pin Functions

P2,/PO,/TIOCD,/ This pin is used as the 8-bit timer external clock input pin when an external
TMCI, clock is selected with bits CKS2 to CKSO0 in TCRO.
The pin function is switched as shown below according to the combination of
the TPU channel 3 setting (by bits MD3 to MDO in TMDR3, bits IOD3 to IODO
in TIOR3L, and bits CCLR2 to CCLRO in TCR3), bit NDER3 in NDERL, and bit
P23DDR.
TPU Channel
3 Setting Table Below (1) Table Below (2)
P23DDR — 0 1 1
NDER3 — — 0 1
Pin function TIOCD, output P2, P2, PO,
input output output
TIOCD, input®
TMCI, input
Note: * TIOCD, input when MD3 to MDO = B'0000, and IOD3 to IODO = B'10xx.
TPU Channel
3 Setting (2) (1) (2) (2) (1) (2)
MD3 to MDO B'0000 B'0010 B'0011
IOD3 to IODO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx B'OlOl to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don’t care
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Pin

Selection Method and Pin Functions

P2,/PO,/TIOCC,/
TMRI,

This pin is used as the 8-bit timer counter reset pin when bits CCLR1 and
CCLRO in TCRO are both set to 1.

The pin function is switched as shown below according to the combination of
the TPU channel 3 setting (by bits MD3 to MDO in TMDR3, bits IOC3 to IOCO
in TIOR3L, and bits CCLR2 to CCLRO0 in TCR3), bit NDER2 in NDERL, and bit

P22DDR.
TPU Channel
3 Setting Table Below (1) Table Below (2)
P22DDR — 0 1 1
NDER2 — — 0 1
Pin function TIOCC, output P2, P2, PO,
input output output
TIOCC, input**
TMRI, input
TPU Channel
3 Setting (2) (1) (2) (1) (1) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOC3to IOCO | B'O000 |B'0001to B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'OlOl to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don't care

Notes: 1. TIOCC, input when MD3 to MDO = B'0000, and IOC3 to I0OCO =
B'10xx.

2. TIOCD, output is disabled.

When BFA =1 or BFB =1 in TMDR3, output is disabled and
setting (2) applies.
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Pin

Selection Method and Pin Functions

P2,/PO,/TIOCB,

The pin function is switched as shown below according to the combination of
the TPU channel 3 setting (by bits MD3 to MDO in TMDR3, bits I0OB3 to IOB0O
in TIOR3H, and bits CCLR2 to CCLRO in TCR3), bit NDER1 in NDERL, and bit

P21DDR.
TPU Channel
3 Setting Table Below (1) Table Below (2)
P21DDR — 0 1
NDER1 — — 0
Pin function TIOCB, output P2, P2,
input output output

TIOCB, input*

Note: * TIOCB, i

nput when MD3 to MDO = B'0000, and I0B3 to IOB0 = B'10xx.

TPU Channel
3 Setting 2 1) 2 2 1)
MD3 to MDO B'0000 B'0010 B'0011
I0B3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'lxxx B'OlOl to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM
function compare mode 2
output output
x: Don't care
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Pin

Selection Method and Pin Functions

P2,/PO,/TIOCA,

The pin function is switched as shown below according to the combination of
the TPU channel 3 setting (by bits MD3 to MDO in TMDR3, bits IOA3 to IOA0
in TIOR3H, and bits CCLR2 to CCLRO in TCR3), bit NDERO in NDERL, and bit

P20DDR.
TPU Channel
3 Setting Table Below (1) Table Below (2)
P20DDR — 0 1 1
NDERO — — 0 1
Pin function TIOCA, output P2, P2, PO,
input output output
TIOCA, input**
TPU Channel
3 Setting ) 1) ) (1) () )
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAO | B'O000 |B'0001to B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'OlOl to
B'0111

CCLR2 to — — — Other B'001
CCLRO than

B'001
Output — Output — PWM PWM
function compare mode 1 | mode 2

output output*? | output
x: Don't care

Notes: 1. TIOCA; input when MD3 to MDO = B'0000, and IOA3 to IOAO =

B'10xx.
2. TIOCB; output is disabled.
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54 Port 3

54.1 Overview

Port 3 isa6-bit 1/0O port. Port 3 pins also function as SCI 1/0 pins (TxD,, RxD,, SCK,, TxD,,
RxD,, and SCK,). Port 3 pin functions are the same in all operating modes.

Figure 5.3 shows the port 3 pin configuration.

Port 3

Port 3 pins

P3; (1/0) / SCK, (1/0)
P3, (/0) / SCK, (1/0)

P3, (1/0) / RxD; (input)

P3, (I/0) I RxDgq (input)

P3, (1/0) / TxD (output)

P3, (I/0) / TxDg (output)

Figure5.3 Port 3 Pin Functions

54.2 Register Configuration

Table 5.6 shows the port 3 register configuration.

Table56 Port 3 Registers

Name Abbreviation R/W Initial Value*?>  Address**
Port 3 data direction register P3DDR W H'00 H'FEB2
Port 3 data register P3DR R/W H'00 H'FF62
Port 3 register PORT3 R Undefined H'FF52
Port 3 open drain control register P30ODR R/W H'00 H'FF76

Notes: 1. Lower 16 bits of the address.
2. Value of bits 5to0 0.
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Port 3 Data Direction Register (P3DDR)

Bit L7 6 5 4 3 2 1 0

| — | — | P35DDR| P34DDR| P33DDR| P32DDR| P31DDR | P30DDR)|
Initial value : Undefined Undefined 0 0 0 0 0 0
RIW S — W W W W w w

P3DDR is an 8-hit write-only register, the individua bits of which specify input or output for the
pins of port 3. Bits 7 and 6 are reserved. P3DDR cannot be read; if it is, an undefined value will be
read.

Setting a P3DDR hit to 1 makes the corresponding port 3 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P3DDR isinitialized to H'00 (bits 5 to 0) by areset, and in hardware standby mode. It retains its
prior state in software standby mode. Asthe SCl isinitialized, the pin states are determined by the
P3DDR and P3DR specifications.

Port 3 Data Register (P3DR)

Bit L7 6 5 4 3 2 1 0

| — | — | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR |
Initial value : Undefined Undefined 0 0 0 0 0 0
RIW S — RW RW RW RW RW  RW

P3DR is an 8-hit readable/writable register that stores output data for the port 3 pins (P35 to P3,).
Bits 7 and 6 are reserved; they return an undefined value if read, and cannot be modified.

P3DR isinitialized to H'00 (bits 5 to 0) by areset, and in hardware standby mode. It retainsits
prior state in software standby mode.
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Port 3 Register (PORT3)

Bit L7 6 5 4 3 2 1 0

. — | — | P3| P34 | P33 | P32 | P3L | P30 |
Initial value : Undefined Undefined  —* —* —* —* —* —*
RIW S — R R R R R R

Note: * Determined by state of pins P3; to P3,.

PORT3 is an 8-bit read-only register that shows the pin states. Writing of output data for the port 3
pins (P3; to P3;) must always be performed on P3DR.

Bits 7 and 6 are reserved; they return an undefined value if read, and cannot be modified.

If aport 3 read is performed while P3DDR bits are set to 1, the P3DR values are read. If aport 3
read is performed while P3DDR bits are cleared to O, the pin states are read.

After areset and in hardware standby mode, PORT 3 contents are determined by the pin states, as
P3DDR and P3DR areinitialized. PORT3 retainsits prior state in software standby mode.

Port 3 Open Drain Control Register (P3ODR)

Bit L7 6 5 4 3 2 1 0
| — | — | P350DR| P340DR| P330DR| P320DR| P310DR| P30ODR|

Initial value : Undefined Undefined 0 0 0 0 0 0

RIW S — RW RW RW RW RW  RW

P30DR is an 8-hit readable/writable register that controls the PM OS on/off status for each port 3
pin (P3;to P3y).

Bits 7 and 6 are reserved; they return an undefined value if read, and cannot be modified.

Setting a P3ODR hit to 1 makes the corresponding port 3 pin an NMOS open-drain output pin,
while clearing the bit to 0 makes the pin a CMOS output pin.

P30ODR isinitialized to H'00 (bits 5 to 0) by areset, and in hardware standby mode. It retains its
prior state in software standby mode.
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54.3 Pin Functions

Port 3 pins also function as SCI 1/0 pins (TxD,, RxD,, SCK,, TxD,, RxD,, and SCK,). Port 3 pin
functions are shown in table 5.7.

Table5.7 Port 3 Pin Functions

Pin Selection Method and Pin Functions

P3./SCK, The pin function is switched as shown below according to the combination of
bit C/A in the SCI1 SMR, bits CKEO and CKEL in SCR, and bit P35DDR.
CKE1 0 1
C/A 0 1 _
CKEO 0 1 — —
P35DDR 0 1 — — —
Pin function P3; P3, SCK, SCK, SCK,

input pin | output pin* | output pin* | output pin* | input pin

Note: * When P350DR = 1, the pin becomes an NMOS open-drain output.

P3,/SCK, The pin function is switched as shown below according to the combination of
bit C/A in the SCI0O SMR, bits CKEO and CKE1 in SCR, and bit P34DDR.
CKE1 0 1
C/A 0 1 _
CKEO 0 1 — —
P34DDR 0 1 — — —
Pin function P3, P3, SCK, SCK, SCK,

input pin | output pin* | output pin* | output pin* | input pin

Note: * When P340DR = 1, the pin becomes an NMOS open-drain output.
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Pin Selection Method and Pin Functions
P3,/RxD, The pin function is switched as shown below according to the combination of
bit RE in the SCI1 SCR, and bit P33DDR.
RE 0 1
P33DDR 0 1 —
Pin function P3; input pin P3, output pin* RxD, input pin
Note: * When P330DR = 1, the pin becomes an NMOS open-drain output.
P3,/RxD, The pin function is switched as shown below according to the combination of
bit RE in the SCIO SCR, and bit P32DDR.
RE 0 1
P32DDR 0 1 —
Pin function P3, input pin P3, output pin* RxD, input pin
Note: * When P320DR = 1, the pin becomes an NMOS open-drain output.
P3,/TxD, The pin function is switched as shown below according to the combination of
bit TE in the SCI1 SCR, and bit P31DDR.
TE 0 1
P31DDR 0 1 —
Pin function P3, input pin P3, output pin* TxD, output pin
Note: * When P310DR = 1, the pin becomes an NMOS open-drain output.
P3,/TxD, The pin function is switched as shown below according to the combination of
bit TE in the SCIO SCR, and bit P30DDR.
TE 0 1
P30DDR 0 1 —
Pin function P3, input pin P3, output pin* TxD, output pin
Note: * When P300ODR = 1, the pin becomes an NMOS open-drain output.
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55 Port 4

551 Overview

Port 4 is an 8-hit input-only port. Port 4 pins also function as A/D converter analog input pins
(AN, to AN,) and D/A converter analog output pins (DA, and DA ). Port 4 pin functions are the
samein all operating modes. Figure 5.4 shows the port 4 pin configuration.

Port 4 pins

~— P4 (input) / AN (input) / DA, (output)
— P4 (input) / ANg (input) / DA (output)
~+—— P4 (input) / AN (input)

Port 4 ~—— P4, (input) / AN, (input)

+—— P43 (input) / ANz (input)
~+—— P4, (input) / AN, (input)
~—— P4, (input) / AN (input)

—— P4, (input) / AN (input)

Figure5.4 Port 4 Pin Functions
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55.2 Register Configuration

Table 5.8 shows the port 4 register configuration. Port 4 is an input-only port, and does not have a
data direction register or dataregister.

Table5.8 Port 4 Register

Name Abbreviation R/W Initial Value Address*
Port 4 register PORT4 R Undefined H'FF53
Note: * Lower 16 bits of the address.

Port 4 Register (PORT4): The pin states are always read when a port 4 read is performed.

Bit L7 6 5 4 3 2 1 0

| P47 | P46 | P45 | P44 | P43 | P42 | P4l | P40 |
Initial value : —* —* _* _* _* _* _x %
RIW . R R R R R R R R

Note: * Determined by state of pins P4, to P4,,.

5.5.3 Pin Functions

Port 4 pins also function as A/D converter analog input pins (AN, to AN,) and D/A converter
analog output pins (DA, and DA,).
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5.6 Port 5

5.6.1 Overview

Port 5 isa4-bit 1/0 port. Port 5 pins also function as SCI 1/0 pins (TxD,, RxD,, and SCK,), the
A/D converter input pin (ADTRG), interrupt input pins (IRQ, to IRQ;), and bus control signal 1/0
pins (WAIT and BREQO). The pin functions can be switched by means of settingsin PFCR2 and
SYSCR. IRQ, to IRQ, only are Schmitt-triggered inputs. Figure 5.5 shows the port 5 pin
configuration.

Port 5 pins

+—» P5, (I/0) / ADTRG (input) / IRQ; (input) / WAIT (input) / BREQO (output)
—w= PS5, (1/0) / SCK, (I/0) / TRQg (input)

Port 5 o
~— P5, (I/O) / RXD, (input) / IRQg (input)

~=—» P5, (I/O) / TxD, (output) /IRQ, (input)

Pin functions in modes 4to 6

P5; (1/0) / ADTRG (input) / IRQ; (input) / WAIT (input) / BREQO (output)
P5, (1/0) / SCK, (1/0) / TRQg (input)

P5; (1/0) / RXxD, (input) / TRQg (input)

P5, (1/0) / TXD, (output) / TRQ, (input)

Pin functions in mode 7

P5; (1/0) / ADTRG (input) / IRQ; (input)
P5, (1/0) / SCK, (1/0) / TRQg (input)
P5; (1/0) / RXxD, (input) / TRQg (input)
P5, (1/0) / TXD, (output) / TRQ, (input)

Figure5.5 Port 5 Pin Functions
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5.6.2 Register Configuration
Table 5.9 shows the port 5 register configuration.

Table59 Port5Registers

Name Abbreviation R/IW Initial Value Address**
Port 5 data direction register PSDDR w H'0*? H'FEB4
Port 5 data register P5DR RIW H'0*? H'FF64
Port 5 register PORT5S R Undefined H'FF54
Port function control register 2 PFCR2 R/W H'30 H'FFAC
System control register SYSCR R/W H'01 H'FF39

Notes: 1. Lower 16 bits of the address.
2. Value of bits 3to 0.

Port 5 Data Direction Register (PSDDR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — |P53DDR P52DDR|P51DDR | P50DDR|
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — w w W W

P5DDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port 5. Bits 7 to 4 are reserved. PSDDR cannot be read; if it is, an undefined value will be
read.

Setting a PSDDR hit to 1 makes the corresponding port 5 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P5DDR isinitialized to H'O (bits 3 to 0) by areset, and in hardware standby mode. It retains its
prior state in software standby mode. Asthe SCl isinitialized, the pin states are determined by the
P5DDR and P5DR specifications.
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Port 5 Data Register (P5DR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | P53DR | P52DR | P5IDR | PSODR |
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — RW RW RW  RW

P5DR is an 8-bit readable/writable register that stores output data for the port 5 pins (P5; to P5,).

Bits 7 to 4 are reserved; they return an undefined value if read, and cannot be modified.

P5DR isinitialized to H'O (bits 3 to 0) by areset, and in hardware standby mode. It retains its prior
state in software standby mode.

Port 5 Register (PORT5)

Bit : 7 6 5 4 3 2 1 0

. — | — | — | — | P3| P52 | P51 | P50 |
Initial value :  Undefined Undefined Undefined Undefined — —* —* —* —*
RIW — — — — R R R R

Note: * Determined by state of pins P5, to P5,,.

PORT5 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 5 pins (P5; to P5,) must aways be performed on P5SDR.

Bits 7 to 4 are reserved; they return an undefined value if read, and cannot be modified.

If aport 5 read is performed while PSDDR bits are set to 1, the PSDR values are read. If aport 5
read is performed while PSDDR hits are cleared to 0, the pin states are read.

After areset and in hardware standby mode, PORTS5 contents are determined by the pin states, as
P5DDR and P5DR areinitialized. PORTS retainsits prior state in software standby mode.
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Port Function Control Register 2 (PFCR2)

Bit L7 6 5 4 3 2 1 0

| WAITPS |BREQOPS CS167E | CS25E | ASOD | — | — | — |
Initial value : 0 0 1 1 0 0 0 0
RIW . RW RW RW RW  RW

PFCR2 is an 8-hit readable/writable register that performs 1/O port control. PFCR2 isinitialized to
H'30 by areset, and in hardware standby mode.

Bit 7—WAIT Pin Select (WAITPS): Selectsthe WAIT input pin. Set the WAITPS bit before
setting the DDR hit clear to 0 and the WAITE bit in BCRL to 1.

Bit 7

WAITPS Description

0 WAIT input is PF, pin (Initial value)
1 WAIT input is P5; pin

Bit 6—BREQO Pin Select (BREQOPS): Selectsthe BREQO output pin. Set the BREQOPS bit
before setting the BREQOE bit in BCRL to 1.

Bit 6

BREQOPS  Description

0 BREQO output is PF, pin (Initial value)
1 BREQO output is P5, pin

Bit 5—CS167 Enable (CS167E): Enables or disables CS1, CS6, and CS7 output. For details, see
section 5.7, Port 6 and section 5.14, Port G.

Bit 4—CS25 Enable (CS25E): Enables or disables CS2, CS3, CS4, andCS5 output. For details,
see section 5.7, Port 6 and section 5.14, Port G.

Bit 3—AS Output Disable (ASOD): Enables or disables AS output. For details, see section 5.13,
Port F.
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System Control Register (SYSCR)

Bit L7 6 5 4 3 2 1 0

‘ — ‘ — ] INTM1 ] INTMO ] NMIEG ] LWROD‘ IRQPAS‘ RAME \
Initial value : 0 0 0 0 0 0 0 1
RIW . RW — RW RW RW RW RW  RW

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, controls the
LWR pin, switches the IRQ, to IRQ;, input pins, and selects the detected edge for NMI. SYSCRiis
initialized to H'01 by areset, and in hardware standby mode. It is not initialized in software
standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM 1, INTMO0): These bits select either of
two interrupt control modes for the interrupt controller. For details, see section 3, Interrupt
Controller, in the Hardware Manual .

Bit 3—NMI Edge Select (NMIEG): Selectsthe input edge for the NMI pin. For details, see
section 3, Interrupt Controller, in the Hardware Manual.

Bit 2—LWR Output Disable (LWROD): Enables or disables LWR output. For details, see
section 5.13, Port F.

Bit 1—IRQ Port Switching Select (IRQPAS): Selects switching of input pins for IRQ, to IRQ-.
IRQ, to IRQ; input is always performed from one of the ports.

Bit 1

IRQPAS Description

0 PA, to PA, used for IRQ, to IRQ, input (Initial value)
1 P5, to P5, used for IRQ, to IRQ, input

Bit 0—RAM Enable (RAME): Enables or disables on-chip RAM. For details, see section 16,
RAM, in the Hardware Manual.
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56.3

Pin Functions

Port 5 pins also function as SCI 1/O pins (TxD,, RxD,, and SCK.,), the A/D converter input pin
(ADTRG), interrupt input pins (IRQ, to IRQ-), and bus control signal 1/0 pins (WAIT and
BREQO). Port 5 pin functions are shown in table 5.10.

Table5.10 Port 5 Pin Functions

Pin

Selection Method and Pin Functions

P5,/ADTRG/
IRQ7/WAIT/
BREQO

The pin function is switched as shown below according to the combination of
the operating mode, bits TRGS1 and TRGSO in the A/D control register
(ADCR), and bits IRQPAS, WAITE, WAITPS, BREQOE, BREQOPS, and

P53DDR.

Operating mode Modes 4 to 6 Mode 7

[BREQOE - 0 1 —

BREQOPS]

[WAITE - 0 1 0 1 —

WAITPS]

P53DDR 0 1 0 1 — — 0 1

Pin function P5, P5, | WAIT | Setting | BREQO| Setting| P5, P5,
input | output | input pro- | output| pro- input | output
pin pin pin hibited pin | hibited pin pin

ADTRG input pin**

IRQ, interrupt input pin*2

Notes: 1. ADTRG input when TRGSO = TRGS1 = 1.
2. IRQ, input when IRQPAS = 1.

P5,/SCK,/TRQ,

The pin function is switched as shown below according to the combination of
bit C/A in the SCI2 SMR, bits CKEO and CKEL1 in SCR, and bits IRQPAS and

P52DDR.
CKE1l 0 1
C/A 0 1 —
CKEO 0 1 — —
P52DDR 0 1 — — —
Pin function P5, P5, SCK, SCK, SCK,
input pin | output pin | output pin | output pin | input pin

IRQ, interrupt input pin*

Note: * IRQ; input when IRQPAS = 1.
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Pin Selection Method and Pin Functions

P5,/RxD,/IRQ,q The pin function is switched as shown below according to the combination of
bit RE in the SCI2 SCR, and bits IRQPAS and P51DDR.

RE 0 1
P51DDR 0 1 —

Pin function P5, input pin P5, output pin RxD, input pin

IRQ, interrupt input pin*
Note: * IRQ; input when IRQPAS = 1.

P5,/TxD,/IRQ, The pin function is switched as shown below according to the combination of
bit TE in the SCI2 SCR, and bits IRQPAS and P50DDR.

TE 0 1
P50DDR 0 1 —

Pin function P5, input pin P5, output pin TxD, output pin

IRQ, interrupt input pin*
Note: * IRQ, input when IRQPAS = 1.
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57 Port 6

571 Overview

Port 6 is an 8-hit I/O port. Port 6 pins also function as interrupt input pins (IRQ, to IRQ3) DMAC
/O pins (DREQ,, TEND,, DREQ;,, and TEND,), and bus control output pins (CS, to CS,). The
functions of pins P6; to P6, are the samein al operating modes, while the functions of pins P6,,
P6s, P6,, and P6, change according to the operating mode. Switching of CS, to CS, output can be
performed by setting PFCR2. Pins P&, to P6, are Schmitt-triggered inputs. Figure 5.6 shows the
port 6 pin configuration.

Port 6 pins Pin functions in modes 4to 6
«— P6,/1RQ;/CS; P6-, (input) / IRQ; (input) / CS7 (output)
l—» P6g/TRQ,/ CSq P6g (input) / TRQ, (input) / CSe (output)
-« P6./1RQ, P6, (1/0) / TRQ, (input)
bort 6 -— P6,/1RQ, P6, (1/0) / TRQq (input)
«—» PG,/ TEND, P65 (1/0) / TEND; (output)
«—» P6,/DREQ, P6, (1/0) / DREQ, (input)
— PG,/ TEND,/CS; P6, (input) / TEND, (output) / CS; (output)
-—w= PG,/ DREQ,/CS, P6, (input) / DREQ (input) / CS, (output)

Pin functions in mode 7

P6- (1/0) / IRQ; (input)
P6y (1/0) / TRQ, (input)
P65 (1/0) / TRQ, (input)
P6, (1/0) / TRQq (input)
P63 (I/0) / TEND; (output)
P6, (1/0) / DREQ; (input)
P6, (1/0) / TEND,, (output)

P6,, (1/0) / DREQ (input)

Figure5.6 Port 6 Pin Functions

162
HITACHI




5.7.2 Register Configuration
Table 5.11 shows the port 6 register configuration.

Table5.11 Port 6 Registers

Name Abbreviation R/W Initial Value Address*
Port 6 data direction register P6DDR W H'00 H'FEB5
Port 6 data register P6DR R/W H'00 H'FF65
Port 6 register PORT6 R Undefined H'FF55
Port function control register 2 PFCR2 R/W H'30 H'FFAC

Note: * Lower 16 bits of the address.

Port 6 Data Direction Register (P6DDR)

Bit L7 6 5 4 3 2 1 0

| P67DDR | P66DDR | P65DDR | P64DDR| P63DDR | P62DDR| P61DDR | PEODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

P6DDR is an 8-hit write-only register, the individua bits of which specify input or output for the
pins of port 6. PEDDR cannot be read; if it is, an undefined value will be read.

Setting a P6DDR hit to 1 makes the corresponding port 6 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P6DDR isinitialized to H'00 by areset, and in hardware standby mode. It retains its prior statein
software standby mode.

163
HITACHI



Port 6 Data Register (P6DR)

Bit L7 6 5 4 3 2 1 0

| P67DR | P66DR | P6SDR | P64DR | P63DR | P62DR | P61DR | P6ODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PEDR is an 8-hit readable/writable register that stores output data for the port 6 pins (P6, to P6,).

P6DR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

Port 6 Register (PORT6)

Bit : 7 6 5 4 3 2 1 0
‘ P67 ‘ P66 ‘ P65 ‘ P64 ] P63 ] P62 \ P61 \ P60

Initial value : —* —* — —* = _* _ %

RIW : R R R R R R R R

Note: * Determined by state of pins P6, to P6,.

PORT®6 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 6 pins (P6, to P6,) must aways be performed on P6DR.

If aport 6 read is performed while PEDDR bits are set to 1, the P6DR values are read. If aport 6
read is performed while PEBDDR bits are cleared to O, the pin states are read.

After areset and in hardware standby mode, PORT6 contents are determined by the pin states, as
P6DDR and P6DR areinitialized. PORT6 retainsits prior state in software standby mode.
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Port Function Control Register 2 (PFCR2)

Bit L7 6 5 4 3 2 1 0

| WAITPS |BREQOPS CS167E | CS25E | ASOD | — | — | — |
Initial value : 0 0 1 1 0 0 0 0
RIW . RW RW RW RW  RW

PFCR2 is an 8-hit readable/writable register that performs 1/O port control. PFCR2 isinitialized to
H'30 by areset, and in hardware standby mode.

Bit 7—WAIT Pin Select (WAITPS): Selectsthe WAIT input pin. For details, see section 5.6,
Port 5.

Bit 6—BREQO Pin Select (BREQOPS): Selects the BREQO output pin. For details, see section
5.6, Port 5.

Bit 5—CS167 Enable (CS167E): Enables or disables CS;, CS,, andCS, output. Clear the DDR
bits to 0 before changing the CS167E bit setting.

Bit 5

CS167E Description

0 CS,, CS,, and CS, output disabled (can be used as 1/O ports)

1 CS,, CS,, and CS, output enabled (Initial value)

Bit 4—CS25 Enable (CS25E): Enables or disables CS,, CS,, CS,, andCS; output. Clear the DDR
bits to 0 before changing the CS25E bit setting.

Bit 4

CS25E Description

0 CS,, CS,, CS,, and CS, output disabled (can be used as 1/O ports)

1 CS,, CS,, CS,, and CS; output enabled (Initial value)

Bit 3—As Output Disable (ASOD): Enables or disables AS output. For details, see section 5.13,
Port F.

Bits 2 to 0—Reserved
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573

Pin Functions

Port 6 pins also function asinterrupt input pins (IRQ, to IRQ,), DMAC 1/O pins (DREQ,, TEND,,

DREQ);,, and TEND,), and bus control output pins (CS, to CS;). Port 6 pin functions are shown in

table 5.12.

Table5.12 Port 6 Pin Functions

Pin

Selection Method and Pin Functions

P6./IRQ,/CS,

The pin function is switched as shown below according to the combination of
bits P67DDR and CS167E.

Mode Modes 4 to 6 Mode 7

P67DDR 0 1 0 1

CS167E — 0 1 — —

Pin function P6, input | P6, output | CS, output| P6, input | P6, output
pin pin pin pin pin

IRQ, interrupt input pin

P6./IRQ,/CS,

The pin function is switched as shown below according to the combination of
bits P66DDR and CS167E.

Mode Modes 4 to 6 Mode 7

P66DDR 0 1 0 1

CS167E — 0 1 — —

Pin function P6, input | P&, output | CS, output| P6, input | P6, output
pin pin pin pin pin

IRQ, interrupt input pin

P6./IRQ, The pin function is switched as shown below according to bit P65DDR.
P65DDR 0 1
Pin function P6, input pin P6. output pin
IRQ, interrupt input pin
P6,/IRQ, The pin function is switched as shown below according to bit P64DDR.
P64DDR 0 1
Pin function P6, input pin P6, output pin
IRQ, interrupt input pin
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Pin Selection Method and Pin Functions

P6,/TEND, The pin function is switched as shown below according to the combination of
bit TEE1 in the DMAC DMATCR, and bit P63DDR.
TEE1 0 1
P63DDR 0 1 —
Pin function P6, input pin P6, output pin TEND, output
P6,/DREQ, The pin function is switched as shown below according to bit P62DDR.
P62DDR 0 1
Pin function P6, input pin P6, output pin
DREQ, input

P6,/TEND/CS, The pin function is switched as shown below according to the combination of
bit TEEO in the DMAC DMATCR, and bits P61DDR and CS25E.

Mode Modes 4 to 6 Mode 7
TEEO 0 1 0 1
P61DDR 0 1 — 0 1 —
CS25E — 0 1 — — — —
Pin function P6, P6, CS. | TEND,| Ps6, P6, | TEND,
input | output | output | output | input | output | output
pin pin pin pin pin

P6,/DREQ,/CS, The pin function is switched as shown below according to the combination of
bits P6ODDR and CS25E.

Mode Modes 4 to 6 Mode 7
P60DDR 0 1 0 1
CS25E — 0 1 — —
Pin function P6, input | P6, output | CS, output| P6, input | P6, output
pin pin pin pin pin
DREQ, input
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5.8 Port A

5.8.1 Overview

Port A isan 8-bit 1/0 port. Port A pins also function as address bus outputs and interrupt mput
pins (IRQ, to IRQ,). The pin functions change according to the operating mode. IRQ, to IRQ,
input can be switched to P5, to P5; by setting the IRQPAS hit in SY SCR to 1. The address output
or port output function can be selected by means of bits A23E to A20E in PFCRL.

Port A has a built-in MOS input pull-up function that can be controlled by software. Pins PA to
PA , are Schmitt-triggered inputs.

Figure 5.7 shows the port A pin configuration.

Port A pins Pin functions in modes 4 and 5
- PA; /A, /IRQ; PA; (1/0) / Ayg (output) / TRQ; (input)
- PA; /Ay, | IRQq PAg (I/0) / A, (output) / TRQg (input)
- PA; /A, /TRQ; PA; (1/0) / A, (output) / TRQ; (input)
Port A - PA, /A, /IRQ, PA, (output) / Ay, (output)
- PA3/Ag Aqg (output)
- PA, /A Aqg (output)
~— PA, /A, A7 (output)
~— PA;/ A Ay (output)
Pin functions in mode 6 Pin functions in mode 7
PA; (1/0) / A,5 (output) / IRQ; (input) PA; (1/0) / IRQ; (input)
PAg (1/0) / A, (output) / TRQg (input) PAg (1/0) / TRQg (input)
PA; (1/0) / A,; (output) / TRQs (input) PA; (1/0) / TRQs (input)
PA, (1/0) I A, (output) / TRQ, (input) PA, (/0) / TRQ, (input)
PA3 (input) / A9 (output) PA;z (1/0)
PA, (input) / A1g (output) PA, (1/0)
PA1 (input) / A;7 (output) PA; (I/0)
PAq (input) / A (output) PAq (1/0)

Figure5.7 Port A Pin Functions
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5.8.2 Register Configuration
Table 5.13 shows the port A register configuration.

Table5.13 Port A Registers

Name Abbreviation R/W Initial Value Address*
Port A data direction register PADDR \ H'00 H'FEB9
Port A data register PADR R/W H'00 H'FF69
Port A register PORTA R Undefined H'FF59
Port A MOS pull-up control register PAPCR R/W H'00 H'FF70
Port A open drain control register PAODR R/W H'00 H'FF77
Port function control register 1 PFCR1 R/W H'OF H'FF45
System control register SYSCR R/W H'01 H'FF39

Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

Bit L7 6 5 4 3 2 1 0
| PA7DDR | PAGDDR| PASDDR | PA4DDR| PA3DDR | PA2DDR| PAIDDR | PAODDR|

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w w w w w

PADDR isan 8-bit write-only register, the individual bits of which specify input or output for the
pins of port A. PADDR cannot be read; if it is, an undefined value will be read.

PADDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode. The OPE bit in SBY CR is used to select whether the address output pins
retain their output state or become high-impedance when a transition is made to software standby
mode.
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Port A Data Register (PADR)

Bit L7 6 5 4 3 2 1 0

| PATDR | PA6DR | PASDR | PA4DR | PA3DR | PA2DR | PAIDR | PAODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PADR is an 8-hit readable/writable register that stores output data for the port A pins (PA, to
PA,).

PADR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0

‘ PA7 ‘ PAG ‘ PA5 ‘ PA4 ] PA3 ] PA2 \ PAL \ PAO \
Initial value : — — —* —* —* —* % _*
RIW : R R R R R R R R

Note: * Determined by state of pins PA, to PA,.

PORTA is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA, to PA ;) must aways be performed on PADR.

If aport A read is performed while PADDR bits are set to 1, the PADR values areread. If aport A
read is performed while PADDR bits are cleared to 0, the pin states are read.

After areset and in hardware standby mode, PORTA contents are determined by the pin states, as
PADDR and PADR are initialized. PORTA retains its prior state in software standby mode.
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Port A MOS Pull-Up Control Register (PAPCR)

Bit L7 6 5 4 3 2 1 0

| PATPCR| PAGPCR| PASPCR| PA4PCR PA3PCR| PA2PCR| PALPCR| PAOPCR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PAPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port A on anindividual bit basis.

All the bits are valid in modes 6 and 7, and bits 7 to 5 are valid in modes 4 and 5. When a PADDR
bit is cleared to O (input port setting), setting the corresponding PAPCR hit to 1 turns on the MOS
input pull-up for the corresponding pin.

PAPCR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

Port A Open Drain Control Register (PAODR)

Bit L7 6 5 4 3 2 1 0
| PA7ODR| PAGODR| PASODR| PA4ODR| PA3ODR | PA20DR| PALODR | PAOODR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PAODR is an 8-bit readable/writable register that controls whether PMOS is on or off for each
port A pin (PA; to PA,).

PAODR isvalid only in mode 7. Do not set PAODR bitsto 1 in modes 4 to 6.

Setting a PAODR bit to 1 makes the corresponding port A pin an NMOS open-drain output, while
clearing the bit to O makes the pin a CM OS output.

PAODR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.
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Port Function Control Register 1 (PFCR1)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | ABE | A2E | A2IE | A20E |
Initial value : 0 0 0 0 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW

PFCRL1 is an 8-hit readable/writable register that performs 1/O port control. PFCR1 isinitialized to
H'OF by areset, and in hardware standby mode.

Bits 7 to 4—Reserved: Only 0 should be written to these bits.

Bit 3—Address 23 Enable (A23E): Enables or disables address output 23 (A,z). Thisbit isvalid
in modes 4 to 6.

Bit 3

A23E Description

0 DR is output when PA7DDR =1

1 A,; is output when PA7DDR =1 (Initial value)

Bit 2—Address 22 Enable (A22E): Enables or disables address output 22 (A,,). Thisbitisvalid
in modes 4 to 6.

Bit 2

A22E Description

0 DR is output when PA6DDR =1

1 A,, is output when PA6DDR = 1 (Initial value)

Bit 1—Address 21 Enable (A21E): Enables or disables address output 21 (A,;). Thisbitisvalid
in modes 4 to 6.

Bit 1

A21E Description

0 DR is output when PASDDR =1

1 A,, is output when PASDDR =1 (Initial value)
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Bit 0—Address 20 Enable (A20E): Enables or disables address output 20 (A ). Thisbitisvalid
in modes 4 to 6.

Bit 0

A20E Description

0 DR is output when PA4DDR =1

1 A,, is output when PA4ADDR =1 (Initial value)

System Control Register (SYSCR)

Bit L7 6 5 4 3 2 1 0

‘ — ‘ — ] INTM1 ] INTMO \ NMIEG \ LWROD‘ IRQPAS‘ RAME \
Initial value : 0 0 0 0 0 0 0 1
RIW . RW — RW RW RW RW RW  RW

Bit 7—Reserved: Only 0 should be written to this bit.
Bit 6—Reserved: Thisbit isawaysread as 0, and cannot be modified.

Bits 5 and 4—Interrupt Control Mode 1 and O (INTM 1, INTMO0): These bits select either of
two interrupt control modes for the interrupt controller. For details of the interrupt control modes,
see section 3.4, Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4 Interrupt

INTM1 INTMO Control Mode Description

0 0 0 Interrupt control by | bit (Initial value)
1 — Setting prohibited

1 0 2 Interrupt control by bits 12 to 10
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt requested at falling edge of NMI input (Initial value)
1 Interrupt requested at rising edge of NMI input
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Bit 2—LWR Output Disable (LWROD): Enables or disables LWR output.

Bit 2

LWROD Description

0 PF, is designated as LWR output pin (Initial value)
1 PF, is designated as I/0 port, and does not function as LWR output pin

Bit 1—IRQ Port Switching Select (IRQPAS): Selects switching of input pins for IRQ, to IRQ,.
IRQ, to IRQ, input is always performed from one of the ports.

Bit 1

IRQPAS Description

0 PA, to PA, used for IRQ, to IRQ, input (Initial value)
1 P5, to P5, used for IRQ, to IRQ, input

Bit 0—RAM Enable (RAME): Enables or disables on-chip RAM. The RAME hit isinitialized
when the reset state isreleased. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM disabled

1 On-chip RAM enabled (Initial value)
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5.8.3 Pin Functions

Port A pins function as address outputs, interrupt input pins (IRQ, to IRQ;), and 1/O ports. Port A
pin functions are shown in table 5.14.

Table5.14 Port A Pin Functions
Pin
PA,/A,,/IRQ,

Selection Method and Pin Functions

the operating mode and bits A23E and PA7DDR.

The pin function is switched as shown below according to the combination of

Operating Modes 4 to 6 Mode 7
mode
A23E 0 1 —
PA7DDR 0 1 0 1 0 1
Pin function PA, PA, PA, Ay PA, PA,
input pin |output pin| input pin |output pin| input pin |output pin
IRQ, interrupt input pin*

Note: * IRQ; input when IRQPAS = 0.

PAJ/A,,IIRQ,

the operating mode and bits A22E and PA6DDR.

The pin function is switched as shown below according to the combination of

Operating Modes 4 to 6 Mode 7
mode
A22E 0 1 —
PAGDDR 0 1 0 1 0 1
Pin function PA, PA, PA, A, PA, PA,
input pin |output pin | input pin |output pin| input pin |output pin
IRQ, interrupt input pin*

Note: * IRQ, input when IRQPAS = 0.

PAJ/A,,/IRQ,

the operating mode and bits A21E and PA5DDR.

The pin function is switched as shown below according to the combination of

Operating Modes 4 to 6 Mode 7
mode
A21E 0 1 —
PA5DDR 0 1 0 1 0 1
Pin function PA, PA PA, A, PA, PA,
input pin |output pin | input pin |output pin| input pin |output pin
IRQ, interrupt input pin*
Note: * IRQ, input when IRQPAS = 0.
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Pin

Selection Method and Pin Functions

PA,/A,/IRQ,

The pin function is switched as shown below according to the combination of
the operating mode and bits A20E and PA4DDR.

Operating Modes 4 and 5 Mode 6 Mode 7

mode

A20E 0 1 0 1 —

PA4DDR 0 1 — 0 1 0 1 0 1

Pin function |Settingl PA, | A, | PA, | PA, | PA, | A, | PA, | PA,
pro- | output| output| input | output| input | output| input | output
hibited, pin pin pin pin pin pin pin pin

IRQ, interrupt input pin*

Note: * IRQ, input when IRQPAS = 0. Note that in this state in modes 4 and 5,
although the pin designation is output-only, IRQ, input is also

performed.
PA/A The pin function is switched as shown below according to the combination of
PAJA,, the operating mode and bit PANDDR.
PA/A Operating Modes Mode 6 Mode 7
PAJA, mode 4 and 5
PANDDR — 0 1 0 1
Pin function| Am output PA, Am output PA, PA,
pin input pin pin input pin output pin
Note: n=0to3
m=16to 19
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584 MOS Input Pull-Up Function

Port A has a built-in MOS input pull-up function that can be controlled by software. ThisMOS
input pull-up function can be used by pins PA to PA; in modes 4 and 5, and by al pinsin modes
6 and 7. MOS input pull-up can be specified as on or off on an individual bit basis.

When a PADDR bit is cleared to O, setting the corresponding PAPCR bit to 1 turns on the MOS
input pull-up for that pin.

The MOS input pull-up function is in the off state after areset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 5.15 summarizes the MOS input pull-up states.

Table5.15 MOSInput Pull-Up States (Port A)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
6,7 PA, to PA, Off Off On/off On/off
4,5 PA, to PA, On/off On/off
PA, to PA, Off Off

Legend
Off: MOS input pull-up is always off.
On/off: On when PADDR = 0 and PAPCR = 1; otherwise off.
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59 Port B

591 Overview

Port B isan 8-bit 1/O port. Port B has an address bus output function, and the pin functions change
according to the operating mode.

Port B has a built-in MOS input pull-up function that can be controlled by software.

Figure 5.8 shows the port B pin configuration.

Port B pins Pin functions in modes 4 and 5
— PB, /A5 A5 (output)
= PBg/Aqy Ay (output)
> PBg/Ag3 A, (output)
—» PB,/ A, A1, (output)
POMtB e » PBy/ A}, Ay (output)
- PB,/ Ay Aqp (output)
—wm PB;/Ag Ay (output)
- PB,/Ag Ag (output)
Pin functions in mode 6 Pin functions in mode 7
PB5 (input) / A5 (output) PB- (1/0)
PBg (input) / A4 (output) PBg (1/0)
PBs (input) / A3 (output) PBs (1/0)
PB, (input) / A5 (output) PB, (1/0)
PB; (input) / A4 (output) PB; (I/0)
PB, (input) / A4 (output) PB, (1/0)
PB; (input) / Ag (output) PB; (I/0)
PBy (input) / Ag  (output) PBy (I/0)

Figure5.8 Port B Pin Functions
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592 Register Configuration
Table 5.16 shows the port B register configuration.

Table5.16 Port B Registers

Name Abbreviation R/W Initial Value Address*
Port B data direction register PBDDR W H'00 H'FEBA
Port B data register PBDR R/W H'00 H'FF6A
Port B register PORTB R Undefined H'FF5A
Port B MOS pull-up control register PBPCR R/W H'00 HFF71

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit L7 6 5 4 3 2 1 0

| PB7DDR | PB6DDR| PBSDDR | PBADDR| PB3DDR | PB2DDR| PBIDDR | PBODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDRisinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior state in
software standby mode. The OPE bit in SBY CR is used to select whether the address output pins
retain their output state or become high-impedance when a transition is made to software standby
mode.

¢ Modes4 and 5
The corresponding port B pins are address outputs irrespective of the value of the PBDDR bits.

* Mode6

Setting a PBDDR hit to 1 makes the corresponding port B pin an address output, while
clearing the bit to 0 makes the pin an input port.

¢ Mode7

Setting a PBDDR hit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port B Data Register (PBDR)

Bit L7 6 5 4 3 2 1 0

| PB7DR | PB6DR | PBSDR | PB4DR | PB3DR | PB2DR | PBIDR | PBODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PBDR is an 8-bit readable/writable register that stores output data for the port B pins (PB, to PB,).
PBDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

Port B Register (PORTB)

Bit : 7 6 5 4 3 2 1 0

‘ PB7 ‘ PB6 ‘ PB5 ‘ PB4 ] PB3 ] PB2 \ PB1 \ PBO \
Initial value : —* —* —* —* % _* _x %
RIW : R R R R R R R R

Note: * Determined by state of pins PB, to PB,.

PORTB is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (PB- to PB,) must always be performed on PBDR.

If aport B read is performed while PBDDR bits are set to 1, the PBDR values are read. If a port B
read is performed while PBDDR bits are cleared to 0, the pin states are read.

After areset and in hardware standby mode, PORTB contents are determined by the pin states, as
PBDDR and PBDR are initialized. PORTB retainsiits prior state in software standby mode.
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Port B MOS Pull-Up Control Register (PBPCR)

Bit L7 6 5 4 3 2 1 0

| PB7PCR| PB6PCR| PBSPCR| PBAPCR PB3PCR| PB2PCR| PBIPCR| PBOPCR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PBPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port B on an individua bit basis.

When aPBDDR hit is cleared to O (input port setting) in mode 6 or 7, setting the corresponding
PBPCR bit to 1 turns on the MOS input pull-up for the corresponding pin.

PBPCR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

5.9.3 Pin Functions
Modes 4 and 5: In modes 4 and 5, port B pins are automatically designated as address outputs.

Port B pin functionsin modes 4 and 5 are shown in figure 5.9.

— A5 (output)
— A, (output)
— A3 (output)
Port B — A, (output)
— A, (output)
— Ao (output)
— Ay (output)

— Ag (output)

Figure5.9 Port B Pin Functions (Modes4 and 5)
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Moaode 6: In mode 6, port B pins function as address outputs or input ports. Input or output can be
specified on an individual bit basis. Setting a PBDDR bit to 1 makes the corresponding port B pin
an address output, while clearing the bit to 0 makes the pin an input port.

Port B pin functionsin mode 6 are shown in figure 5.10.

When PBDDR =1 When PBDDR =0
— A, (output) PB> (input)
~— A, (output) PBg (input)
— A, . (output) PBs5 (input)
PortB [ A, (output) PB, (input)
— A, (output) PB; (input)
- A, (output) PB, (input)
~— A, (output) PB; (input)
— Ag (output) PBy (input)

Figure5.10 Port B Pin Functions (Mode 6)

Mode 7: In mode 7, port B pins function as 1/O ports. Input or output can be specified for each pin
on an individual bit basis. Setting a PBDDR bit to 1 makes the corresponding port B pin an output
port, while clearing the bit to 0 makes the pin an input port.

Port B pin functionsin mode 7 are shown in figure 5.11.

~—>» PB (I/0)
~—» PB; (I/O)
~— PB; (1/0)
port |+ PBa(VO)
—» PB; (I/0)
l—» PB, (I/O)

~—» PB, (I/0)

- PB, (I/O)

Figure5.11 Port B Pin Functions (Mode 7)
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594 MOS Input Pull-Up Function

Port B has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 6 and 7, and can be specified as on or off on an
individua bit basis.

When a PBDDR hit is cleared to 0 in mode 6 or 7, setting the corresponding PBPCR hit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after areset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 5.17 summarizes the MOS input pull-up states.

Table5.17 MOSInput Pull-Up States (Port B)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
4,5 Off Off Off Off
6,7 On/off On/off

Legend
Off: MOS input pull-up is always off.
On/off: On when PBDDR = 0 and PBPCR = 1; otherwise off.
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5.10 Port C

5.10.1 Overview

Port C isan 8-hit I/O port. Port C has an address bus output function, and the pin functions change
according to the operating mode.

Port C has a built-in MOS input pull-up function that can be controlled by software.

Figure 5.12 shows the port C pin configuration.

Port C pins Pin functions in modes 4 and 5
- PC, /A7 A; (output)
— PCy/ Aq Ag (output)
- PCq/Ag As (output)
bt ™ PC,/ A4 A, (output)
- PCy/ A, Az (output)
- PC, /A, A, (output)
-—» PC,/A; A1 (output)
- PC, /A, Ay (output)
Pin functions in mode 6 Pin functions in mode 7
PC; (input) / A; (output) PC, (1/0)
PCg (input) / Ag (output) PCs (1/0)
PC; (input) / Ag (output) PC; (1/0)
PC, (input) / A, (output) PC, (I/0)
PC; (input) / A3 (output) PC; (1/0)
PC, (input) / A, (output) PC, (1/0)
PC, (input) / A; (output) PC, (I/0)
PCy (input) / Ag (output) PC, (1/0)

Figure5.12 Port C Pin Functions
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5.10.2 Register Configuration
Table 5.18 shows the port C register configuration.

Table5.18 Port C Registers

Name Abbreviation R/W Initial Value Address*
Port C data direction register PCDDR \ H'00 H'FEBB
Port C data register PCDR R/W H'00 H'FF6B
Port C register PORTC R Undefined H'FF5B
Port C MOS pull-up control register PCPCR R/W H'00 H'FF72

Note: * Lower 16 bits of the address.

Port C Data Direction Register (PCDDR)

Bit L7 6 5 4 3 2 1 0
|PC7DDR| PC6DDR| PC5DDR| PC4DDR| PC3DDR| PC2DDR| PC1DDR | PCODDR|

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w w w w w

PCDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

PCDDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior state in
software standby mode. The OPE bit in SBY CR is used to select whether the address output pins
retain their output state or become high-impedance when a transition is made to software standby
mode.

¢ Modes4 and 5
The corresponding port C pins are address outputs irrespective of the value of the PCDDR bits.

* Mode6

Setting a PCDDR hit to 1 makes the corresponding port C pin an address output, while
clearing the bit to 0 makes the pin an input port.

¢ Mode7

Setting a PCDDR hit to 1 makes the corresponding port C pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port C Data Register (PCDR)

Bit L7 6 5 4 3 2 1 0

| PC7DR | PC6DR | PCSDR | PCADR | PC3DR | PC2DR | PCIDR | PCODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PCDR is an 8-hit readable/writable register that stores output data for the port C pins (PC, to PC,).

PCDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

Port C Register (PORTC)

Bit : 7 6 5 4 3 2 1 0

‘ PC7 ‘ PC6 ‘ PC5 ‘ PC4 ] PC3 ] PC2 \ PC1 \ PCO \
Initial value : —* —* — —* = _* _ %
RIW : R R R R R R R R

Note: * Determined by state of pins PC, to PC,.

PORTC is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC, to PC,) must always be performed on PCDR.

If aport C read is performed while PCDDR bits are set to 1, the PCDR values are read. If aport C
read is performed while PCDDR bits are cleared to O, the pin states are read.

After areset and in hardware standby mode, PORTC contents are determined by the pin states, as
PCDDR and PCDR are initialized. PORTC retainsits prior state in software standby mode.
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Port C MOS Pull-Up Control Register (PCPCR)

Bit L7 6 5 4 3 2 1 0
|PCTPCR | PC6PCR| PCSPCR | PC4PCR PC3PCR | PC2PCR| PCIPCR | PCOPCR)|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PCPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port C on an individua bit basis.

When a PCDDR hit is cleared to O (input port setting) in mode 6 or 7, setting the corresponding
PCPCR bit to 1 turns on the MOS input pull-up for the corresponding pin.

PCPCR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

5.10.3 Pin Functions
Modes 4 and 5: In modes 4 and 5, port C pins are automatically designated as address outputs.

Port C pin functionsin modes 4 and 5 are shown in figure 5.13.

— A, (output)
— Ag (output)
— Ag (output)
Port C — A, (output)
— A (output)
— A, (output)

— A, (output)

= Ag (output)

Figure5.13 Port C Pin Functions (Modes4 and 5)
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Moaode 6: In mode 6, port C pins function as address outputs or input ports. Input or output can be
specified on an individual bit basis. Setting a PCDDR bit to 1 makes the corresponding port C pin
an address output, while clearing the bit to 0 makes the pin an input port.

Port C pin functionsin mode 6 are shown in figure 5.14.

When PCDDR =1 When PCDDR =0
~— A, (output) PC5 (input)
= A (output) PCg (input)
~— A (output) PCs (input)

Port C > A, (output) PC, (input)
~—> A, (output) PC; (input)
~— A, (output) PC, (input)
— A, (output) PC; (input)
~— A, (output) PCy (input)

Figure5.14 Port C Pin Functions (M ode 6)

Moaode 7: In mode 7, port C pins function as 1/0O ports. Input or output can be specified for each pin
on an individual bit basis. Setting a PCDDR bit to 1 makes the corresponding port C pin an output
port, while clearing the bit to 0 makes the pin an input port.

Port C pin functionsin mode 7 are shown in figure 5.15.

~— PC, (1/0)
~— PCq (1/0)
- PC; (I/0)
portc [+ PCa(/O)
-~ PCj (I/0)
—m PC, (1/0)

- PC, (I/O)

<> PC, (I/O)

Figure5.15 Port C Pin Functions(Mode 7)
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5104 MOSInput Pull-Up Function

Port C has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 6 and 7, and can be specified as on or off on an
individua bit basis.

When a PCDDR hit is cleared to 0 in mode 6 or 7, setting the corresponding PCPCR hit to 1 turns
on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after areset, and in hardware standby mode.
The prior state is retained in software standby mode.

Table 5.19 summarizes the MOS input pull-up states.

Table5.19 MOSInput Pull-Up States (Port C)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
4,5 Off Off Off Off
6,7 On/off On/off

Legend
Off: ~ MOS input pull-up is always off.
On/off: On when PCDDR = 0 and PCPCR = 1; otherwise off.
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511 Port D

5.11.1 Overview

Port D is an 8-bit 1/0 port. Port D has adata bus 1/0 function, and the pin functions change
according to the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 5.16 shows the port D pin configuration.

Port D pins Pin functions in modes 4 to 6
— PD;/Dyg D45 (I/O)
~— PDg/Dyy Dy, (1/0)
—» PD; /D5 D45 (1/0)
Port D ~— PD,/Dy, Dy, (1/0)
— PD, /Dy Dy, (/O)
— PD,/Dq, Dy (I/0)
~— PD,/Dg Dy (I/O)
— PDy/Dg Dg (I/O)

Pin functions in mode 7

PD; (I/0)
PDy (1/0)
PD; (I/0)
PD, (I/0)
PD; (1/0)
PD, (I/O)
PD; (I/0)
PD, (I/0)

Figure5.16 Port D Pin Functions
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5.11.2 Register Configuration
Table 5.20 shows the port D register configuration.

Table5.20 Port D Registers

Name Abbreviation R/W Initial Value Address*
Port D data direction register PDDDR \ H'00 H'FEBC
Port D data register PDDR R/W H'00 H'FF6C
Port D register PORTD R Undefined H'FF5C
Port D MOS pull-up control register PDPCR R/W H'00 H'FF73

Note: * Lower 16 bits of the address.

Port D Data Direction Register (PDDDR)

Bit L7 6 5 4 3 2 1 0

| PD7DDR| PD6DDR| PDSDDR | PD4DDR| PD3DDR| PD2DDR| PD1DDR | PDODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

PDDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot be read; if it is, an undefined value will be read.

PDDDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

¢ Modes4to6

The input/output direction specification by PDDDR isignored, and port D is automatically
designated for datal/O.

« Mode7

Setting a PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port D Data Register (PDDR)

Bit L7 6 5 4 3 2 1 0

| PD7DR | PD6DR | PDSDR | PDADR | PD3DR | PD2DR | PDIDR | PDODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PDDR is an 8-hit readabl e/writable register that stores output data for the port D pins (PD; to
PD,).

PDDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

Port D Register (PORTD)

Bit : 7 6 5 4 3 2 1 0

‘ PD7 ‘ PD6 ‘ PD5 ‘ PD4 ] PD3 ] PD2 \ PD1 \ PDO \
Initial value : — — —* —* —* —* % _*
RIW : R R R R R R R R

Note: * Determined by state of pins PD, to PD,.

PORTD is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (PD-, to PD,) must aways be performed on PDDR.

If aport D read is performed while PDDDR bits are set to 1, the PDDR values are read. If aport D
read is performed while PDDDR bits are cleared to 0, the pin states are read.

After areset and in hardware standby mode, PORTD contents are determined by the pin states, as
PDDDR and PDDR are initialized. PORTD retains its prior state in software standby mode.
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Port D MOS Pull-Up Control Register (PDPCR)

Bit L7 6 5 4 3 2 1 0
|PD7PCR | PD6PCR| PDSPCR | PD4PCR| PD3PCR | PD2PCR| PDIPCR | PDOPCR)|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PDPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port D on an individual bit basis.

When aPDDDR bit is cleared to O (input port setting) in mode 7, setting the corresponding
PDPCR hit to 1 turns on the MOS input pull-up for the corresponding pin.

PDPCR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

5.11.3 Pin Functions
Modes 4 to 6: In modes 4 to 6, port D pins are automatically designated as data I/O pins.

Port D pin functions in modes 4 to 6 are shown in figure 5.17.

= D35 (VO)
> Dy, (VO)
> Dy3 (/O)
portp [+ P12 (V0)
= Dy, (VO)
> Dy, (/O)

> D, (l/O)

<> Ds (1/0)

Figure5.17 Port D Pin Functions (Modes 4 to 6)
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Moaode 7: In mode 7, port D pins function as I/O ports. Input or output can be specified for each pin
on an individual bit basis. Setting a PDDDR hit to 1 makes the corresponding port D pin an output
port, while clearing the bit to 0 makes the pin an input port.

Port D pin functions in mode 7 are shown in figure 5.18.

<> PD, (I/O)
> PDj (I/0)
~—» PD;g (I/O)
portp [+ PP (/0)
> PD, (I/O)
> PD, (I/O)
e PD, (I/O)

> PD, (I/O)

Figure5.18 Port D Pin Functions (Mode 7)

5114 MOSInput Pull-Up Function

Port D has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in mode 7, and can be specified as on or off on an individual bit
basis.

When a PDDDR bit is cleared to 0 in mode 7, setting the corresponding PDPCR bit to 1 turns on
the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after areset, and in hardware standby mode.
The prior stateis retained in software standby mode.

Table 5.21 summarizes the MOS input pull-up states.

Table521 MOSInput Pull-Up States (Port D)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
4106 Off Off Off Off
7 On/off On/off

Legend
Off: MOS input pull-up is always off.
On/off: On when PDDDR = 0 and PDPCR = 1; otherwise off.
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5.12 Port E

5.12.1 Overview

Port E is an 8-bit I/O port. Port E has a data bus I/O function, and the pin functions change

according to the operating mode and whether 8-bit or 16-bit bus mode is selected.

Port E has a built-in MOS input pull-up function that can be controlled by software.

Figure 5.19 shows the port E pin configuration.

Port E

Port E pins

PE;/ D,
PEg/ Dg
PE5/ Dg
PE,/ D,
PEs/ Dy
PE,/ D,
PE,/D;
PEy/ Dy

Pin functions in modes 4, 5, and 6

PE, (I/0) / Dy (1/O)
PEg (1/0) / D (1/O)
PE; (I/0) / Dg (1/O)
PE, (I/0) / D, (1/0)
PE3 (I/O) / Dy (1/O)
PE, (I/0) / D, (1/0)
PE, (I/O) / D, (1/O)
PE, (I/0) / D, (1/O)

Pin functions in mode 7

PE, (1/0)
PEg (1/0)
PE; (1/0)
PE, (I/O)
PE, (1/0)
PE, (1/0)
PE, (I/O)
PE, (1/0)

Figure5.19 Port E Pin Functions
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5.12.2 Register Configuration
Table 5.22 shows the port E register configuration.

Table5.22 Port E Registers

Name Abbreviation R/W Initial Value Address*
Port E data direction register PEDDR W% H'00 H'FEBD
Port E data register PEDR R/W H'00 H'FF6D
Port E register PORTE R Undefined H'FF5D
Port E MOS pull-up control register PEPCR R/W H'00 H'FF74

Note: * Lower 16 bits of the address.

Port E Data Direction Register (PEDDR)

Bit L7 6 5 4 3 2 1 0

| PE7DDR | PE6DDR| PESDDR | PE4DDR| PE3DDR | PE2DDR| PE1DDR | PEODDR|
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

PEDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port E. PEDDR cannot be read; if it is, an undefined value will be read.

PEDDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

e Modes4to6

When 8-bit bus mode has been selected, port E pins function as /O ports. Setting a PEDDR bit
to 1 makes the corresponding port E pin an output port, while clearing the bit to 0 makes the
pin an input port.

When 16-bit bus mode has been selected, the input/output direction specification by PEDDR is
ignored, and port E is designated for data I/O.

For details of 8-bit and 16-bit bus modes, see section 4, Bus Controller.

e Mode7

Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while clearing the
bit to 0 makes the pin an input port.
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Port E Data Register (PEDR)

Bit L7 6 5 4 3 2 1 0

| PE7DR | PE6DR | PESDR | PE4DR | PE3DR | PE2DR | PELDR | PEODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PEDR is an 8-bit readable/writable register that stores output data for the port E pins (PE; to PE,).

PEDR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior statein
software standby mode.

Port E Register (PORTE)

Bit L7 6 5 4 3 2 1 0

| PE7 | PE6 | PE5 | PE4 | PE3 | PE2 | PEl | PEO |
Initial value : —* —* — —* = _* _* _
RIW . R R R R R R R R

Note: * Determined by state of pins PE, to PE,.

PORTE is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (PE; to PE,) must always be performed on PEDR.

If aport E read is performed while PEDDR bits are set to 1, the PEDR values are read. If aport E
read is performed while PEDDR hits are cleared to O, the pin states are read.

After areset and in hardware standby mode, PORTE contents are determined by the pin states, as
PEDDR and PEDR areinitialized. PORTE retains its prior state in software standby mode.
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Port E MOS Pull-Up Control Register (PEPCR)

Bit L7 6 5 4 3 2 1 0

| PETPCR| PEGPCR PESPCR| PE4PCR PE3PCR| PE2PCR| PEIPCR| PEOPCR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PEPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port E on an individual bit basis.

When a PEDDR bit is cleared to O (input port setting) in mode 4, 5, or 6 with 8-bit bus mode
selected, or in mode 7, setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up
for the corresponding pin.

PEPCR isinitialized to H'00 by areset, and in hardware standby mode. It retainsits prior state in
software standby mode.

5.12.3 Pin Functions

Modes 4 to 6: In modes 4 to 6, when 8-bit access is designated and 8-bit bus mode is selected,
port E pins are automatically designated as 1/0 ports. Setting a PEDDR hit to 1 makes the
corresponding port E pin an output port, while clearing the bit to 0 makes the pin an input port.

When 16-bit bus mode is selected, the input/output direction specification by PEDDR isignored,
and port E is designated for data /0.

Port E pin functions in modes 4 to 6 are shown in figure 5.20.

8-bit bus mode 16-bit bus mode
~+— PE (I/O) D, (1/0)
~— PE; (I/O) Dg (1/0)
~+—» PE; (I/O) Ds (1/0)
Port E ~— PE, (I/O) D, (1/0)
— PE, (I/O) D5 (1/0)
~+— PE, (I/O) D, (1/0)
~— PE, (I/O) D, (/O)
— PE, (I/O) Dy (1/O)

Figure5.20 Port E Pin Functions (Modes 4 to 6)
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Moaode 7: In mode 7, port E pins function as |/O ports. Input or output can be specified for each pin
on a bit-by-bit basis. Setting a PEDDR bit to 1 makes the corresponding port E pin an output port,

while clearing the bit to 0 makes the pin an input port.

Port E pin functions in mode 7 are shown in figure 5.21.

Port E

PE, (1/0)
PEs (1/0)
PEs (I/O)
PE, (1/0)
PE, (1/0)
PE, (1/0)
PE, (I/O)
PE, (1/0)

Figure5.21 Port E Pin Functions (Mode 7)
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5124 MOSInput Pull-Up Function

Port E has a built-in MOS input pull-up function that can be controlled by software. ThisMOS
input pull-up function can be used in modes 4 to 6 when 8-bit bus mode is selected, or in mode 7,
and can be specified as on or off on an individua bit basis.

When aPEDDR bit is cleared to O in mode 4, 5, or 6 when 8-bit bus mode is selected, or in mode
7, setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after areset, and in hardware standby mode.
The prior state isretained in software standby mode.

Table 5.23 summarizes the MOS input pull-up states.

Table5.23 MOSInput Pull-Up States (Port E)

Hardware Software In Other
Modes Reset Standby Mode Standby Mode Operations
7 Off Off On/off On/off
4106 8-bit bus
16-bit bus Off Off
Legend

Off: MOS input pull-up is always off.
On/off: On when PEDDR = 0 and PEPCR = 1; otherwise off.
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5.13

5131

Port F

Overview

Port F is an 8-hit 1/0 port. Port F pins also function as bus control signal input/output pins (AS,

RD, HWR, LWR, LCAS, WAIT, BREQO, BREQ, and BACK) and the system clock () output
pin. The AS, LWR, and BREQO output pins can be switched by means of settingsin PFCR2 and

SYSCR.

Figure 5.22 shows the port F pin configuration.

Port F

Port F pins
PF,/ o
PFg/ AS
PFs/RD
PF,/ HWR
PF;/LWR

PF,/ LCAS / WAIT / BREQO
PF, / BACK
PF,/BREQ

Pin functions in modes 4 to 6
PF (input) / @ (output)

PF¢ (1/0) / AS (output)

RD (output)

HWR (output)

PF5 (1/0) / LWR (output)

PF, (1/0) / LCAS (output) / WAIT (input) / BREQO (output)
PF, (1/0) / BACK (output)
PF, (1/0) / BREQ (input)

Pin functions in mode 7
PF; (input) / @ (output)
PFg (1/0)

PF; (1/O)

PF, (1/0)

PF; (1/0)

PF, (1/0)

PF, (I/0)

PF, (1/0)

Figure5.22 Port F Pin Functions
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5.13.2 Register Configuration
Table 5.24 shows the port F register configuration.

Table5.24 Port F Registers

Name Abbreviation R/W Initial Value Address**
Port F data direction register PFDDR w H'80/H'00*? H'FEBE
Port F data register PFDR R/IW H'00 H'FF6E
Port F register PORTF R Undefined H'FF5E
Port function control register 2 PFCR2 R/W H'30 H'FFAC
System control register SYSCR R/W H'01 H'FF39

Notes: 1. Lower 16 bits of the address.
2. Initial value depends on the mode.

Port F Data Direction Register (PFDDR)

Bit .7 6 5 4 3 2 1 0
‘PF7DDR‘PF6DDR‘PF5DDR‘PF4DDR’PF3DDR’PF2DDR‘PF1DDR‘PFODDR‘

Modes 4 to 6
Initial value : 1 0 0 0 0 0 0 0
R/W : " " W % w w w

Mode 7
Initial value : 0 0 0 0 0 0 0 0
R/W : " " W W w W w

PFDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot be read; if it is, an undefined value will be read.

PFDDR isinitialized by areset, and in hardware standby mode, to H'80 in modes 4 to 6, and to
H'00 in mode 7. It retains its prior state in software standby mode. The OPE bit in SBY CR is used
to select whether the bus control output pins retain their output state or become high-impedance
when atransition is made to software standby mode.
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Port F Data Register (PFDR)

Bit L7 6 5 4 3 2 1 0

| PF7DR | PF6DR | PFSDR | PFADR | PF3DR | PF2DR | PFIDR | PFODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PFDR is an 8-bit readable/writable register that stores output data for the port F pins (PF7 to PFO).

PFDR isinitialized to H'00 by areset, and in hardware standby mode. It retains its prior state in
software standby mode.

Port F Register (PORTF)

Bit L7 6 5 4 3 2 1 0

| PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PFL | PFO |
Initial value : —* —* — —* = _* _* _
RIW . R R R R R R R R

Note: * Determined by state of pins PF, to PF,.

PORTF is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port F pins (PF, to PF,) must always be performed on PFDR.

If aport F read is performed while PFDDR bits are set to 1, the PFDR values are read. If aport F
read is performed while PFDDR bits are cleared to O, the pin states are read.

After areset and in hardware standby mode, PORTF contents are determined by the pin states, as
PFDDR and PFDR areinitialized. PORTF retainsits prior state in software standby mode.
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Port Function Control Register 2 (PFCR2)

Bit L7 6 5 4 3 2 1 0

| WAITPS | BREQOPS| CS167E | CS25E | ASOD | — | — | — |
Initial value : 0 0 1 1 0 0 0 0
RIW . RW RW RW RW  RW

PFCR2 is an 8-hit readable/writable register that performs 1/O port control. PFCR2 isinitialized to
H'30 by areset, and in hardware standby mode.

Bit 7—WAIT Pin Select (WAITPS): Selectsthe WAIT input pin. Set the WAITPS bit before
setting the DDR hit clear to 0 and the WAITE bit in BCRL to 1.

Bit 7

WAITPS Description

0 WAIT input is pin PF, (Initial value)
1 WAIT input is pin P5,

Bit 6—BREQO Pin Select (BREQOPS): Selectsthe BREQO output pin. Set the BREQOPS bit
before setting the BREQOE bit in BCRL to 1.

Bit 6

BREQOPS Description

0 BREQO output is pin PF, (Initial value)
1 BREQO output is pin P5,

Bit 5—CS167 Enable (CS167E): Enables or disables CS,, CS,, and CS, output. For details, see
section 5.7, Port 6 and section 5.14, Port G.

Bit 4—CS25 Enable (CS25E): Enables or disables CS,, CS,, CS,, and CS; output. For details,
see section 5.7, Port 6 and section 5.14, Port G.

Bit 3—AS Output Disable (ASOD): Enables or disables AS output. This bit isvalid in modes 4
to 6.

Bit 3

ASOD Description

0 PF, is used as AS output pin (Initial value)
1 PF, is designated as I/0 port, and does not function as AS output pin

Bits 2 to 0—Reserved
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System Control Register (SYSCR)

Bit L7 6 5 4 3 2 1 0

‘ — ‘ — ] INTM1 ] INTMO ] NMIEG ] LWROE‘ IRQPAS‘ RAME \
Initial value : 0 0 0 0 0 0 0 1
RIW . RW — RW RW RW RW RW  RW

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, controls the
LWR pin, switches the IRQ, to IRQ;, input pins, and selects the detected edge for NMI. SYSCRiis
initialized to H'01 by areset, and in hardware standby mode. It is not initialized in software
standby mode.

Bits5 and 4—Interrupt Control Mode 1 and 0 (INTM 1, INTM0): These bits select either of
two interrupt control modes for the interrupt controller. For details, see section 3, Interrupt
Controller, in the Hardware Manual .

Bit 3—NMI Edge Select (NMIEG): Selectsthe input edge for the NMI pin. For details, see
section 3, Interrupt Controller, in the Hardware Manual.

Bit 2—LWR Output Disable (LWROD): Enables or disables LWR output. Thisbit isvalid in
modes 4 to 6.

Bit 2

LWROD Description

0 PF, is designated as LWR output pin (Initial value)
1 PF, is designated as I/O port, and does not function as LWR output pin

Bit 1—IRQ Port Switching Select (IRQPAS): Selects switching of input pins for IRQ, toIRQ;.
For details, see section 5.6, Port 5.

Bit 0—RAM Enable (RAME): Enables or disables on-chip RAM. For details, see section 16,
RAM, in the Hardware Manual.
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5133

Pin Functions

Port F pins also function as bus control signal input/output pins (AS, RD, HWR, LWR, LCAS,

WAIT, BREQO, BREQ, and BACK) and the system clock (@) output pin. The pin functions differ
between modes 4 to 6, and mode 7. Port F pin functions are shown in table 5.25.

Table5.25 Port F Pin Functions

HITACHI

Pin Selection Method and Pin Functions
PF./o The pin function is switched as shown below according to bit PF7DDR.
PF7DDR 0 1
Pin function PF, input pin @ output pin
PF,/AS The pin function is switched as shown below according to the operating mode,
bit PF6DDR, and bit ASOD in PFCR2.
Operating Modes 4 to 6 Mode 7
Mode
ASOD 0 1 —
PF6DDR — 0 1 0 1
Pin function AS output | PF,input | PF, output | PF,input | PF, output
pin pin pin pin pin
PF./RD The pin function is switched as shown below according to the operating mode
and bit PF5DDR.
Operating Modes 4 to 6 Mode 7
Mode
PF5DDR — 0 1
Pin function RD output pin PF, input pin PF, output pin
PF,/HWR The pin function is switched as shown below according to the operating mode
and bit PFADDR.
Operating Modes 4 to 6 Mode 7
Mode
PF4DDR — 0 1
Pin function HWR output pin PF, input pin PF, output pin
206




Pin Selection Method and Pin Functions

PF,/LWR The pin function is switched as shown below according to the operating mode,
bit PF3DDR, and bit LWROD in SYSCR.
Operating Modes 4 to 6 Mode 7
Mode
LWROD 0 1 —
PF3DDR — 0 1 0 1
Pin function LWR PF, PF, PF, PF,
output pin | input pin | output pin | input pin | output pin

PF,/LCAS/WAIT/ The pin function is switched as shown below according to the combination of

BREQO the operating mode, and bits RMTS2 to RMTS0, BREQOE, WAITE, ABWS5 to

ABW2, BREQOPS, WAITPS, and PF2DDR.

Operating Mode Modes 4 to 6 Mode 7

[DRAM space 0 1 —

setting] -

[16-bit access

setting]

[BREQOE - 0 1 — —

BREQOPS]

[WAITE - 0 1 0 1 —_ —

WAITPS]

PF2DDR 0 1 0 1 — — — 0 1

Pin function PF, PF, | WAIT | Setting | BREQO| Setting | LCAS PF, PF,
input | output | input pro- output pro- output | input | output
pin pin pin* hibited pin hibited pin pin pin

Note: * When DRAM space is designated for 8-bit access and PF, is used as
the WAIT input, this pin can be used for WAIT input when all areas
selected as DRAM space are 8-bit space and normal space other than
DRAM space is 16-bit space.

PF,/BACK The pin function is switched as shown below according to the combination of
the operating mode, and bits BRLE and PF1DDR.
Operating Modes 4 to 6 Mode 7
Mode
BRLE 0 1 —
PF1DDR 0 1 — 0 1
Pin function PF, PF, BACK PF, PF,
input pin | output pin | output pin | input pin | output pin
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Pin

Selection Method and Pin Functions

PF,/BREQ The pin function is switched as shown below according to the combination of
the operating mode, and bits BRLE and PFODDR.
Operating Modes 4 to 6 Mode 7
Mode
BRLE 0 1
PFODDR 0 1 — 0 1
Pin function PF, PF, BREQ PF, PF,
input pin | output pin | input pin | input pin | output pin
514 PortG
5.14.1 Overview

Port G isa5-hit 1/0 port. Port G pins aso function as bus control signal output pins (CS, to CSs,
and CAS). Enabling or disabling of CS, to CS, output can be changed by a setting in PFCR2.

Figure 5.23 shows the port G pin configuration.

Port G pins Pin functions in modes 4to 6 Pin functions in mode 7
PG,/ CS, PG, (input) / CS, (output) PG, (1/0)
PG;/CS, PG; (1/0) / CS; (output) PG; (1/0)

Port G PG, /TS, PG, (1/0) / CS, (output) PG, (1/0)
PG, /CS; PG, (I/0) / CS; (output) PG, (1/0)
PG,/ CAS PGy (1/0) I CAS (output) PGy (1/0)

Figure5.23 Port G Pin Functions
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5.14.2 Register Configuration
Table 5.26 shows the port G register configuration.

Table5.26 Port G Registers

Name Abbreviation R/W Initial Value*? Address*!
Port G data direction register PGDDR w H'10/H'00* 3 H'FEBF
Port G data register PGDR R/W H'00 H'FF6F
Port G register PORTG R Undefined H'FF5F
Port function register 2 PFCR2 R/W H'30 H'FFAC

Notes: 1. Lower 16 bits of the address.
2. Value of bits 4 to 0.
3. Initial value depends on the mode.

Port G Data Direction Register (PGDDR)

Bit L7 6 5 4 3 2 1 0
| — | — | — |PG4DDR PG3DDR| PG2DDR PG1DDR| PGODDR|
Modes 4 and 5
Initial value : Undefined Undefined Undefined 1 0 0 0 0
RIW S — — W W W w w

Modes 6 and 7
Initial value : Undefined Undefined Undefined 0 0 0 0 0
R/W : — — — w w W w

PGDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port G. PGDDR cannot be read, and bits 7 to 5 are reserved. If PGDDR isread, an
undefined value will be read.

The PG4DDR hit isinitialized by areset, and in hardware standby mode, to 1 in modes 4 and 5,
and to 0 in modes 6 and 7. PGDDR retains its prior state in software standby mode. The OPE bit
in SBY CR is used to select whether the bus control output pins retain their output state or become
high-impedance when atransition is made to software standby mode.
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Port G Data Register (PGDR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | PG4DR| PG3DR | PG2DR | PGIDR | PGODR |
Initial value : Undefined Undefined Undefined 0 0 0 0 0
RIW S — — RW RW RW RW  RW

PGDR is an 8-hit readable/writable register that stores output data for the port G pins (PG, to
PGy).

Bits 7 to 5 are reserved; they return an undefined value if read, and cannot be modified.

PGDR isinitialized to H'00 (bits 4 to 0) by areset, and in hardware standby mode. It retains its
prior state in software standby mode.

Port G Register (PORTG)

Bit : 7 6 5 4 3 2 1 0

. — | — | — | Pea | Pe3 | PG2 | PGL | PGO |
Initial value : Undefined Undefined Undefined —* —* —* —* —*
R/W : — — — R R R R R

Note: * Determined by state of pins PG, to PG,.

PORTG is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port G pins (PG, to PG,) must aways be performed on PGDR.

Bits 7 to 5 are reserved; they return an undefined value if read, and cannot be modified.

If aport G read is performed while PGDDR bits are set to 1, the PGDR values are read. If aport G
read is performed while PGDDR hits are cleared to O, the pin states are read.

After areset and in hardware standby mode, PORTG contents are determined by the pin states, as
PGDDR and PGDR are initialized. PORTG retains its prior state in software standby mode.
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Port Function Control Register 2 (PFCR2)

Bit L7 6 5 4 3 2 1 0

| WAITPS | BREQOPS| CS167E | CS25E | ASOD | — | — =
Initial value : 0 0 1 1 0 0 0 0
RIW . RW RW RW RW  RW

PFCR2 is an 8-hit readable/writable register that performs 1/O port control. PFCR2 isinitialized to
H'30 by areset, and in hardware standby mode.

Bit 7—WAIT Pin Select (WAITPS): Selectsthe WAIT input pin. For details, see section 5.6,
Port 5.

Bit 6—BREQO Pin Select (BREQOPS): Selects the BREQO output pin. For details, see section
5.6, Port 5.

Bit 5—CS167 Enable (CS167E): Enables or disables CS,, CS;, and CS, output. Change the
CS167E setting only when the DDR bits are cleared to 0.

Bit 5

CS167E Description

0 CS,, CS,, and CS, output disabled (can be used as 1/O ports)

1 CS,, CS,, and CS, output enabled (Initial value)

Bit 4—CS25 Enable (CS25E): Enables or disables CS,, CS,, CS,, andCS; output. Change the
CS25E setting only when the DDR bits are cleared to 0.

Bit 4

CS25E Description

0 CS,, CS,, CS,, and CS, output disabled (can be used as 1/O ports)

1 CS,, CS,, CS,, and CS; output enabled (Initial value)

Bit 3—AS Output Disable (ASOD): Enables or disables AS output. For details, see section 5.13,
Port F.

Bits 2 to 0—Reserved
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5143

Pin Functions

Port G pins also function as bus control signal output pins (CS, to CS,, and CAS). The pin
functions are different in mode 7, and modes 4 to 6. Port G pin functions are shown in table 5.27.

Table5.27 Port G Pin Functions

Pin Selection Method and Pin Functions
PG,/CS, The pin function is switched as shown below according to the operating mode
and bit PG4DDR.
Operating Modes 4 to 6 Mode 7
Mode
PG4DDR 0 1 0 1
Pin function PG, input pin | CS, output pin| PG, input pin | PG, output pin
PG,/CS, The pin function is switched as shown below according to the operating mode
and bits PG3DDR and CS167E.
Operating Modes 4 to 6 Mode 7
Mode
PG3DDR 0 1 0 1
CS167E — 0 1 — —
Pin function PG, input | PG, output | CS, output| PG, input | PG, output
pin pin pin pin pin
PG,/CS, The pin function is switched as shown below according to the operating mode
and bits PG2DDR and CS25E.
Operating Modes 4 to 6 Mode 7
Mode
PG2DDR 0 1 0 1
CS25E — 0 1 — —
Pin function PG, input | PG, output | CS, output| PG, input | PG, output
pin pin pin pin pin
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Pin Selection Method and Pin Functions

PG,/CS, The pin function is switched as shown below according to the operating mode
and bits PG1DDR and CS25E.
Operating Modes 4 to 6 Mode 7
Mode
PG1DDR 0 1 0 1
CS25E — 0 1 — —
Pin function PG, input | PG, output| CS, output| PG, input | PG, output
pin pin pin pin pin
PG,/CAS The pin function is switched as shown below according to the combination of
the operating mode and bits RMTS2 to RMTS0 and PGODDR.
Operating Modes 4 to 6 Mode 7
Mode
RMTS2 to B'000, B'001 to —
RMTSO B'100 to B'111 B'011
PGODDR 0 1 — 0 1
Pin function PG, PG, CAS PG, PG,
input output output input output
pin pin pin pin pin
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5.15

Pin States

5151 Port Statesin Each Mode
Table5.28 1/0 Port Statesin Each Processing State
MCU Hardware Program Execution
Port Name Operating Standby  Software Bus-Released State
Pin Name Mode Reset Mode Standby Mode State Sleep Mode
Port 1 4t07 T T kept kept 1/O port
Port 2 4t07 T T kept kept 1/0 port
Port 3 4t07 T T kept kept 1/0 port
P4./DA, 4t07 T T [DAOE1 =1] kept 1/0 port
kept
[DAOCEL1 = 0]
T
P4,/DA, 4t07 T T [DAOCEO = 1] kept I/0 port
kept
[DAOEO = 0]
T
P4;to P4, 4to7 T T Input port
P5,/WAIT/ 4t06 [BREQOE - [BREQOE - [BREQOE -
BREQO BREQOPS + BREQOPS + BREQOPS +
WAITE - WAITPS WAITE - WAITPS  WAITE - WAITPS
= O] = O] = O]
kept kept 1/0 port
[BREQOE - [BREQOE - [BREQOE -
BREQOPS = 1] BREQOPS = 1] BREQOPS = 1]
kept BREQO BREQO
[BREQOE - [BREQOE - [BREQOE -
BREQOPS = 0] BREQOPS = 0] BREQOPS = 0]
and and and
[WAITE - WAITPS - [WAITE - WAITPS - [WAITE - WAITPS -
DDR =1] DDR = 1] DDR =1]
T T WAIT
7 kept kept 1/0 port
P5,to P5, 4to7 T kept kept I/O port
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MCU Hardware Program Execution
Port Name Operating Standby  Software Bus-Released State
Pin Name Mode Reset Mode Standby Mode State Sleep Mode
P6,/CS, 4106 T T [CS167E = 0], [CS167E = 0] [CS167E = 0]
P6./CS, [CS167E - DDR=1] kept 1/O port
6 6 [E—
kept [CS167E - DDR = 1] [CS167E - DDR = 1]
[CS167E - DDR - kept Input port
OPE =1] [CS167E - DDR = 1] [CS167E - DDR = 1]
T T CS, 10 CS,
[CS167E - DDR -
OPE = 1]
H
7 kept kept 1/O port
P6;to P6, 4to7 kept kept 1/O port
P6,/CS; 4t06 [CS25E -DDR - [CS25E = 0] [CS25E = 0]
P6,/CS, OPE =1] kept 1/O port
T [CS25E -DDR=1] [CS25E - DDR= 1]
[CS25E - DDR - kept Input port
oPE= 1 [CS25E - DDR = 1] [CS25E - DDR = 1]
T CS, to CS,
[CS25E = 0],
[CS25E -DDR=1]
kept
7 T kept kept I/O port
PA,IA,, 4,5,6 T [AnE = 0] [AnE = 0] [AnE = 0]
PAJ/A,, kept kept 1/0 port
PAJA [AnE - DDR=1] [AnE - DDR = 1] [AnE - DDR=1]
51721
T T Input port
[AnE - DDR - OPE  [AnE -DDR = 1] [AnE - DDR = 1]
=1] T Address output
T
[AnE - DDR - OPE
= ]_]
kept
7 T T kept kept 1/O port
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MCU Hardware Program Execution
Port Name Operating Standby  Software Bus-Released State
Pin Name Mode Reset Mode Standby Mode State Sleep Mode
PA,IA, 4,5 L T [A20E -DDR =1] [A20E -DDR=1] [A20E-DDR =1]
kept kept Output port
[A20E -OPE =1] [A20E+A20E - DDR [A20E+A20E - DDR
T =1] =1]
[A20E - OPE = 1] T Address output
kept
6 T T [A20E = 0], [A20E = 0] [A20E = 0]
[A20E - DDR = 1] kept 1/O port
kept [A20E -DDR=1] [A20E - DDR= 1]
[A20E - DDR - kept Output port
OPE =1] _ -
[A20E -DDR =1] [A20E - DDR = 1]
T T Address output
[A20E - DDR -
OPE =1]
kept
7 T kept kept I/O port
PAL/A 4,5 [OPE =0] T Address output
PA,/A T
OPE =1]
PA,/A [
1717 kept
PA/A 6
6 T T [DDR - OPE =0] T [DDR =0]
T Input port
[DDR - OPE =1] [DDR =1]
kept Address output
7 T T kept kept 1/O port
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MCU Hardware Program Execution
Port Name Operating Standby  Software Bus-Released State
Pin Name Mode Reset Mode Standby Mode State Sleep Mode
Port B 4,5 L T [OPE = 0] T Address output
T
[OPE =1]
kept
6 T T [DDR - OPE = 0] T [DDR = 0]
T Input port
[DDR - OPE =1] [DDR =1]
kept Address output
7 T kept kept 1/O port
Port C 4,5 L [OPE = 0] T Address output
T
[OPE =1]
kept
6 T T [DDR - OPE =0] T [DDR = 0]
T Input port
[DDR - OPE =1] [DDR =1]
kept Address output
7 T T kept kept 1/O port
Port D 4t06 T T T T Data bus
7 T T kept kept 1/O port
Port E 4to 8-bit T T kept kept 1/O port
6 bus
16-bit T T T T Data bus
bus
7 kept kept 1/O port
PF, /o 4t06 Clock T [DDR = 0] [DDR =0] [DDR = 0]
output Input port Input port Input port
[DDR =1] [DDR =1] [DDR =1]
H Clock output Clock output
7 T T [DDR = 0] [DDR = 0] [DDR = 0]
Input port Input port Input port
[DDR =1] [DDR = 1] [DDR =1]
H Clock output Clock output

HITACHI

217



MCU Hardware Program Execution
Port Name Operating Standby  Software Bus-Released State
Pin Name Mode Reset Mode Standby Mode State Sleep Mode
PF,/AS 4106 H T [ASOD = 1] [ASOD =1] [ASOD = 1]
kept kept 1/0 port
[ASOD -OPE=1] [ASOD =0] [ASOD = 0]
T T AS
[ASOD - OPE =1]
H
7 T kept kept 1/O port
PF;/RD 4106 [OPE =0] T RD, HWR
PF,/AWR T
[OPE = 1]
H
7 T kept kept 1/O port
PFJ/LWR 4t06 [LWROD = 1] [LWROD = 1] [LWROD = 1]
kept kept 1/O port
[LWROD - OPE = 1] [LWROD = 0] [LWROD = 0]
T T LWR
[LWROD - OPE =1]
H
7 kept kept 1/0 port
PF,/LCAS/ 4to6 [LCASE+BREQOE [LCASE+BREQOE [LCASE+BREQOE
WAIT/ - BREQOPS+ - BREQOPS+ - BREQOPS+
BREQO WAITE - WAITPS  WAITE - WAITPS  WAITE - WAITPS
=0 =0 =0
kept kept 1/0 port
[BREQOE - [BREQOE - [BREQOE -
BREQOPS = 1] BREQOPS = 1] BREQOPS = 1]
and and and
[LCASE = 0] [LCASE = 0] [LCASE = 0]
kept BREQO BREQO
[WAITE - WAITPS  [WAITE - WAITPS  [WAITE - WAITPS
-DDR=1] -DDR=1] -DDR=1]
and and and
[LCASE+BREQOE [LCASE+BREQOE [LCASE+BREQOE
- BREQOPS = 0] - BREQOPS = 0] - BREQOPS = 0]
T T WAIT
[LCASE =1, [LCASE = 1] [LCASE = 1]
OPE =0] T LCAS
T
[LCASE =1,
OPE = 1]
H
7 T T kept kept 1/0 port
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MCU Hardware Program Execution
Port Name Operating Standby  Software Bus-Released State
Pin Name Mode Reset Mode Standby Mode State Sleep Mode
PF,/BACK 4to6 T T [BRLE=0] L [BRLE = 0]
kept 1/O port
[BRLE=1] [BRLE =1]
BACK BACK
7 kept kept 1/O port
PF,/BREQ 4to6 [BRLE=0] T [BRLE = 0]
kept 1/O port
[BRLE=1] [BRLE = 1]
T BREQ
7 kept kept 1/O port
PG,CS, 4,5 [DDR-OPE=0] T [DDR = 0]
T Input port
6 T [DDR - OPE =1] [DDR =1]
H CS,
7 kept kept 1/O port
PG,/CS, 4t06 [CS167E = 0] [CS167E = 0] [CS167E = 0]
kept kept 1/O port
[CS167E - DDR=1] [CS167E =1] [CS167E - DDR =1]
T T Input port
[CS167E - DDR - [CS167E - DDR =1]
OPE =1] CS,
T
[CS167E - DDR -
OPE =1]
H
7 kept kept 1/O port
PG,/CS, 4t06 [CS25E = 0] [CS25E = 0] [CS25E = 0]
PG,/CS, kept kept 1/O port
[CS25E - DDR=1] [CS25E =1] [CS25E - DDR = 1]
T T Input port
[CS25E - DDR - [CS25E - DDR = 1]
OPE =1] CS, to CS,
T
[CS25E - DDR -
OPE =1]
H
7 T T kept kept 1/O port
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MCU Hardware Program Execution

Port Name Operating Standby  Software Bus-Released State

Pin Name Mode Reset Mode Standby Mode State Sleep Mode

PG,/CAS 4to6 T T [DRAME = 0] T [DRAME = 0]
kept Input port
[DRAME - OPE = 1] [DRAME = 1]
T CAS
[DRAME - OPE = 1]
CAS

7 T T kept kept 1/O port

Legend

H: High level

L: Low level

T: High impedance

kept: Input port becomes high-impedance, output port retains state

DDR: Data direction register

OPE: Output port enable

WAITE: Wait input enable

WAITPS:  WAIT pin select

BRLE: Bus release enable

BREQOE: BREQO pin enable

BREQOPS: BREQO pin select

DRAME: DRAM space setting

LCASE: DRAM space setting, 16-bit access setting

AnE: Address n enable (n = 23 to 21)

A20E: Address 20 enable

ASOD: AS output disable

CS167E: CS167 enable

CS25E: CS25 enable

LWROD: LWR output disable
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5.16 1/O Port Block Diagrams
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- Pulse output
DMA controller
- DMA transfer
. acknowledge enable
- DMA transfer
_ acknowledge
TPU module
~ Output compare output/
. PWM output enable
-~ Output compare output/
. PWM output
RDR1 |
RPOR1 :
™~ !
L !
'l-v" Input capture input
WDDR1: Write to PIDDR
WDR1: Write to PIDR
RDR1: Read P1DR
RPOR1: Read port 1
n=0or1l

Figure5.24 (a) Port 1 Block Diagram (Pins P1, and P1,)
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Reset
|

R
— Sl | 2
P1nDDR 2
c s
T [
WDDR1 °
g
Reset b
‘ <
R IS
Q D™
P1, o——— PlgDR
\
WDR1
PPG module
- Pulse output enable
T Pulse output
,TPU module
- Output compare output/
. PWM output enable
- Output compare output/
I PWM output
RDR1
RPOR1 }
N |
L~ !
-Lq— Input capture input
» External clock input
WDDR1: Write to PADDR
WDR1: Write to P1DR
RDR1: Read P1DR
RPOR1: Read port 1
n=2,35,7
Figure5.24 (b) Port 1 Block Diagram (Pins P1,, P1,;, P1;, and P1,)
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P1,

Reset
|

™~
L~

R
Q D |g
P1nDDR a
C 8
I 3
WDDR1 ‘_é
Reset ks
‘ =
R
Q D[]
P1nDR
C
WD‘Rl
PG module
-~ Pulse output enable
- Pulse output
TPU module
: Output compare output/
 PWM output enable
- Output compare output/
I PWM output
RDR1
RPOR1

WDDR1: Write to PADDR
WDR1: Write to P1DR
RDR1: Read P1DR
RPOR1: Read port 1

n=4o0r6

= Input capture input

Figure5.24 (c) Port 1 Block Diagram (PinsP1, and P1y)
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516.2 Port2
Reset
!
R
— Sl | 2
P2nDDR a
C e
T ©
WDDR2 >
g
Reset o
\ <
R £
Q D
P2, b—— P2nDR
C
\
WDR2
PPG module
- Pulse output enable
- Pulse output
.TPU module
- Output compare output/
. PWM output enable
- Output compare output/
' PWM output
RDR2 !
RPOR2 | | !
NN }
l/ :
:— Input capture input
WDDR2: Write to P2DDR
WDR2: Write to P2DR
RDR2: Read P2DR
RPOR2: Read port 2
n=0orl
Figure5.25 (a) Port 2 Block Diagram (Pins P2, and P2,)
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P2,

Reset
|

\V4

R
Q D— (%)
P2nDDR 3
c @
T ©
WDDR2 o
g
Reset >
\ €
R <
Q DI |
P2nDR
C
\
WDR2
PPG module
- Pulse output enable
- Pulse output
TPU module
- Output compare output/
. PWM output enable
- Output compare output/
' PWM output
RDR2 !
RPOR2 | |

= Input capture input

WDDR2: Write to P2DDR
WDR2: Write to P2DR
RDR2: Read P2DR
RPOR2: Read port 2

n=2or4

Figure5.25 (b) Port 2 Block Diagram (Pins P2, and P2,)
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Reset
|

R
—— Smool] ] |2
P2nDDR 3
C o
! 3
WDDR2 =
c
Reset ]
| E
R
Q D[]
P2, o—4 PZEDR
\
WDR2
PPG module
- Pulse output enable
- Pulse output
TPU module
- Output compare output/
. PWM output enable
- Output compare output/
' PWM output
RDR2 !
RPOR2 | | !
N 3
l/ :
= Input capture input
8-bit timer module
» Counter external clock
. inpu
WDDR2: Write to P2DDR ottt
WDR2:  Write to P2DR
RDR2: Read P2DR
RPOR2: Read port 2
n=3or5
Figure5.25(c) Port 2 Block Diagram (Pins P2; and P2;)
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P2,

Reset
|

R
O f D/ |on
S P2nDDR a
c o
T ©
WDDR2 >
g
Reset §
: =
R
Q D—
P2nDR
B C
\
| WDR2 PPG module
-~ Pulse output enable
- Pulse output
8-bit timer module
~ Compare match output
i enable
iigpmpg?rgimatch output
TPU module
~ Qutput compare output/
. PWM output enable
Output compare output/
" PWM output
RDR2
RPOR2

™~
L

WDDR2: Write to P2DDR
WDR2: Write to P2DR
RDR2: Read P2DR
RPOR2: Read port 2

n=6or7

Figure5.25(d) Port 2 Block Diagram (Pins P25 and P2,)
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5.16.3

Port 3

Reset
!
R
— I J P
P3nDDR a
c o
T ©
WDDR3 >
1 g
Reset 5
\ =
R £
Q D—
P3, P3gDR
\
WDR3
*2 Reset
!
R
Q D—
P3nODR
C
\
WODR3
RODR3
SCI module
- Serial transmit enable
— Serial transmit data
RDR3
RPOR3
N
l/
WDDR3: Write to P3DDR
WDR3:  Write to P3DR
WODRS3: Write to PSODR
RDR3: Read P3DR
RPOR3: Read port 3
RODR3: Read P30ODR
n=0orl
Notes: 1. Output enable signal
2. Open drain control signal
Figure5.26 (a) Port 3 Block Diagram (Pins P3, and P3,)
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P3,

Reset
\

Q
P3nDDR

I
WDDR3

Reset
|

JARN

Q
P3nDR

I
WDR3

Reset

Q
P3nODR

I
WODR3

RODR3

D——

D—

Internal data bus

SCI module

,,,,,,,,,,,

— Serial receive data

™~
L~

RDR3

RPOR3

. enable

WDDR3: Write to P3DDR
WDR3: Write to P3DR
WODRS3: Write to P3ODR
RDR3: Read P3DR
RPOR3: Read port 3
RODR3: Read P30ODR

n=2or3

Notes: 1. Output enable signal
2. Open drain control signal

Figure5.26 (b) Port 3 Block Diagram (PinsP3, and P3,)
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P3,

*1

*2

Reset
\

I
WDDR3

Reset
|

Q
P3nDR

I
WDR3

Reset

I
WODR3

RODR3

Q D
P3nDDR

Q D]
P3nODR

Internal data bus

SCI module

,,,,,,,,,,,

- Serial clock output
. enable

3 Serial clock output

WDDR3:
WDRS3:
WODRS3:
RDR3:
RPORa3:
RODR3:

n=4or5

Notes: 1. Output enable signal
2. Open drain control signal

™~
L

RDR3

RPOR3

Serial clock input
enable

Write to PSDDR
Write to P3DR
Write to P3ODR
Read P3DR
Read port 3
Read P3ODR

= Serial clock
| input
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Figure5.26 (c) Port 3 Block Diagram (PinsP3, and P3;)
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5164 Port4

[%2]
=}
Qo
©
©
©
RPOR4 g
Q
P4, '|> & = |E
A/D converter module
» Analog input
RPOR4: Read port 4
n=0to5
Figure5.27 (a) Port 4 Block Diagram (Pins P4, to P4;)
%]
>
Qo
©
o
©
RPOR4 %
P4, '|> & £

A/D converter module

,,,,,,,,,,,

,,,,,,,,,,,

Output enable

B . Analog output

RPOR4: Read port 4
n=6o0r7

Figure5.27 (b) Port 4 Block Diagram (Pins P4, and P4;)
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5165 Port5

Reset
\

— PsopoR| |
P50DDR

I
WDDRO

Internal data bus

Reset
|

Q
P5, : P5(():DR

I
WDR5

SCI module

,,,,,,,,,,,

- Serial transmit output
| enable

- Serial transmit data

RDR5

RPORS5

V

IRQPAS
» |[RQ4 interrupt input

\Va

WDDR5: Write to PSDDR

WDR5:  Write to PSDR

RDR5:  Read P5DR

RPOR5: Read port 5

IRQPAS: IRQ port switching select

Figure5.28 (a) Port 5 Block Diagram (Pin P5,)
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P5,

Reset

Q
P51DDR

I
WDDR5

Reset
|

Q
P51DR

I
WDR5

Internal data bus

SCI module

,,,,,,,,,,,

Serial receive data

V

RDR5

RPORS5

. enable

WDDR5: Write to PSDDR
WDR5: Write to PSDR
RDR5: Read P5DR
RPOR5: Read port 5

IRQPAS: IRQ port switching select

|
|
|
|
|
|
|
|
|
|
|
|
|
» Serial receive data

IRQPAS

\Va

» |RQ5 interrupt input

Figure5.28 (b) Port 5 Block Diagram (Pin P5,)
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Reset
\

R
Q D— (%]
DC P52DDR a
c o
T ©
WDDR5 >
g
Reset 5
\ c
R £
Q D—
PS5, P5(2:DR
\
WDRS SCI module
! Serial clock output
. enable
: Serial clock output
| Serial clock input
' enable
RDR5 !
RPOR5 | | |
™~ }
L~ |
':‘—Serial clock input
Ny IRQPAS
> = |IRQ6 interrupt input
WDDRS5: Write to PSDDR
WDR5:  Write to P5DR
RDR5: Read P5DR
RPOR5: Read port 5
IRQPAS: IRQ port switching select
Figure5.28 (c) Port 5Block Diagram (Pin P5,)
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P53

Reset

\V4

A/D converter

R

| rigger input

IRQPAS
» |RQ7 interrupt input

Modes 4 to 6
WAITPS
Wait input pin enable

\Va

Bus controller

gl

WDDRS5:  Write to PSDDR

WDRS5: Write to PSDR

RDR5: Read P5DR

RPOR5: Read port 5

IRQPAS:  IRQ port switching select
WAITPS:  Wait pin select
BREQOPS: BREQO pin select

R
Q D—— |« Bus controller
P53DDR 3
C [
\ N
WDDR5 ‘_g :
Reset T
\ £
R :
Di |
Modes Q !
4106 P53DR |
C |
\ |
WDR5 ' Bus request output
! i
" enable
— Bus request output
RDR5 L
BREQOPS
RPORS5

» A/D converter external

Figure5.28 (d) Port 5Block Diagram (Pin P5;)
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5166 Port6
Reset
\
R
Q D—1 |4
P60DDR o
C 8
\ 3
WDDR6 E
Reset @
Mode 7 \ 1=
— R
P6 Q DI
0 N P6ODR
]
Modgs (‘:
4to
WOR6 Bus controller
o<} - Chip select
RDR6 L
CS25E
RPORG6
™~
- DMA controller
» DMA request input
WDDR6: Write to P6DDR
WDR6: Write to P6DR
RDR6: Read P6DR
RPORG6: Read port 6
CS25E: CS25 enable

236

Figure5.29 (a) Port 6 Block Diagram (Pin P6,)
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Reset
|

R

Mode 7

P61DDR
C

I
WDDR6

Reset
|

R

Tl
Modes
4t06

Q
P61DR

Q D—

D——

Internal data bus

C
|
WDR6

CS25E

Bus controller

,,,,,,,,,,,

o]

,,,,,,,,,,,

DMA transfer end enable

™~

L~
WDDR6: Write to P6DDR
WDR6: Write to P6DR
RDR6: Read P6DR
RPORG6: Read port 6
CS25E: CS25 enable

o]

RDR6

RPORG6

DMA transfer end

Figure5.29 (b) Port 6 Block Diagram (Pin P6,)
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P6,

Reset

Q D
P62DDR

I
WDDR6

Reset

Q
P62DR

™~
L

|
WDR6

RDR6

RPORG6

Internal data bus

DMA controller

,,,,,,,,,,,

WDDR6: Write to PEDDR
WDR6: Write to P6DR
RDR6: Read P6DR
RPORG6: Read port 6

238

Figure5.29 (c) Port 6 Block Diagram (Pin P6,)
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Reset
|

R

Q D]

P63DDR
C

I
WDDR6

Reset
|

R

Q
P63DR
C

|
WDR6

D—

Internal data bus

DMA controller

,,,,,,,,,,,

o]

- DMA transfer end enable
DMA transfer end

S

L

WDDRG6: Write to PEDDR
WDR6: Write to P6DR
RDR6: Read P6DR
RPORG6: Read port 6

RDR6

RPORG6

Figure5.29 (d) Port 6 Block Diagram (Pin P6,)
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P6,

Reset

R
Q D—
P6nDDR
C
1
WDDR6
Reset
|
R
Q D—
N P6nDR
C
1
WDR6
RDR6
RPOR6
N
I/
WDDRG6: Write to PEDDR
WDR6: Write to P6DR
RDR6: Read P6DR
RPORG6: Read port 6
n=4or5
m=0orl

Internal data bus

» |RQm interrupt input
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Figure5.29 (e) Port 6 Block Diagram (Pins P6, and P6y)
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P6,

Reset
|

Bus controller

,,,,,,,,,,,

R
Q D1 | o
P6NDDR a
C s
T ®©
WDDR6 >
g
Mode 7 Re‘set g,
. R =
Q D—
P6nDR
C
Modes \
4t06 WDR6
RDR6
RPOR6

™~
L~

WDDR6: Write to P6DDR
WDR6: Write to P6DR
RDR6: Read P6DR
RPORG6: Read port 6
CS167E: CS167 enable

n=6o0r7
m=2or3

CS167E

» |RQm interrupt input

Figure5.29 (f)

Port 6 Block Diagram (Pins P65 and P6,)
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516.7 Port A

Modes 6 and 7 Re‘set

R

P Qpcll ]
PANPCR
c

[
WPCRA

Internal data bus

RPCRA

Internal address bus

Reset
|

|
’G Modes 4 and 5 R
Q [

D
PANDDR
[

WDDRA

Reset
|

R

Q D—
pa L4 Mode 7 PANDR
n
Modes 4 to 6 C

|
WDRA

2 Reset
|

R

DI—
PANODR
C

I
WODRA

RODRA

RDRA

RPORA

N
|

WDDRA: Write to PADDR

WDRA: Write to PADR

WODRA: Write to PAODR

WPCRA: Write to PAPCR

RDRA: Read PADR

RPORA: Read port A

RODRA: Read PAODR

RPCRA: Read PAPCR Notes: 1. Output enable signal
n=0to3 2. Open drain control signal

Figure5.30 (a) Port A Block Diagram (Pins PA,, PA,, PA,, and PA,)
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Modes 6 and 7

Reset
|

R
k} D— |o %)
PA4PCR 2 a
C & 2
\ 3 o
WPCRA = 3
c IS
RPCRA| |& 3
c £
- Q
S
Reset
|
Modes 4 and 5 R
—< [ . D—|
PA4DDR
C
|
. WDDRA A20E
Reset
|
R
Q D—
+—Mode 7 PA4DR
»+— Modes 4 to 6 C
- T
WDRA
*2 = Reset
|
O "
D—
PA40DR
C
T
WODRA
RODRA
RDRA
RPORA
'|> —IRQPAS
5 IRQ4 interrupt
. input
WDDRA: Write to PADDR
WDRA: Write to PADR
WODRA: Write to PAODR
WPCRA: Write to PAPCR
RDRA: Read PADR
RPORA: Read port A
RODRA: Read PAODR
RPCRA: Read PAPCR
A20E:  Address 20 enable Notes: 1. Output enable signal
IRQPAS: IRQ port switching select 2. Open drain control signal

Figure5.30 (b) Port A Block Diagram (Pin PA,)
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Modes 4 to 7 Re‘set

Q
PANPCR

[
WPCRA

Internal data bus

RPCRA

Internal address bus

Reset
|

R

Q D
PANDDR
C

[
WDDRA

Reset
|

R
Mode 7 Q D

PANDR
C

|
WDRA

Modes 4 to 6

AmE

Reset
|

R

—(= PAnoDR| |
Mode 7 PANODR

C
I
WODRA

RODRA

RDRA

RPORA

N
1> —IRQPAS

\é.

WDDRA: Write to PADDR IRQ;, interrupt
WDRA: Write to PADR input
WODRA: Write to PAODR

WPCRA: Write to PAPCR

RDRA: Read PADR

RPORA: Read port A

RODRA: Read PAODR

RPCRA: Read PAPCR

AmE: Address output enable

IRQPAS: IRQ port switching select

n=5to7 Notes: 1. Output enable signal
m=21to 23 2. Open drain control signal
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Figure5.30 (c) Port A Block Diagram (Pins PA;, PA; and PA,)
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5.16.8

Port B

PB,

Modes 6 and 7 Re‘set
R
P Q b
PBnPCR

[
WPCRB
RPCRB

Modes

4 and 5

Reset
\

Q
PBNDDR

|
WDDRB

Reset

Q
Mode 7 PBnDR

Modes 4 to 6 C
I
WDRB

Internal data bus

RDRB

RPORB

™~
L~

WDDRB: Write to PBDDR
WDRB: Write to PBDR
WPCRB: Write to PBPCR
RDRB: Read PBDR
RPORB: Read port B
RPCRB: Read PBPCR

n=0to7

Internal address bus

Figure5.31 Port B Block Diagram (PinsPB,)
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5.16.9

Port C

PC,

Modes 6 and 7 Re‘set
R
Q D—
PCnPCR

|
WPCRC

RPCRC

Modes 4
and 5
Reset
|
R

Q D
PCnDDR

C

[
WDDRC

Reset
|

R

Q D—
Mode 7 PCnDR

Modes 4 to 6 C
\
WDRC

Internal data bus

RDRC

RPORC

™
L~

WDDRC: Write to PCDDR
WDRC: Write to PCDR
WPCRC: Write to PCPCR
RDRC: Read PCDR
RPORC: Read port C
RPCRC: Read PCPCR

n=0to7

Internal address bus
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Figure5.32 Port C Block Diagram (PinsPC,)
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5.16.10 Port D

PD,

Reset
\
R
b ok Q 2114
PDnPCR 2
c IS
‘ 3
WPCRD hat
[
s
RPCRD =
©
£
[0}
E
Mode 7
G:‘ Reset
\
R
External Q D—
address write PDNDDR
(T ;
\
Modes WDDRD
4106 Reset
\
R
Q D—
«— Mode 7 PDnDR
Modes 4 to 6 C
\
WDRD
External addre‘ss
upper write RDRD
External address
lower write
RPORD
N
I/

WDDRD: Write to PDDDR

WDRD

: Write to PDDR

WPCRD: Write to PDPCR

RDRD:

Read PDDR

RPORD: Read port D
RPCRD: Read PDPCR

n=0to7

External address
upper read

External address
lower read

L

Internal lower data bus

Figure5.33 Port D Block Diagram (PinsPD,)

HITACHI

247




5.16.11 PortE

Reset
\

p——(k

Mode 7

Di
PEnPCR

|
WPCRE

RPCRE

Internal upper data bus

Internal lower data bus

Bus controller
| 8-bit bus mode '

External
address write

PE,

™

Modes 4 to 6

Modes 4 to 6

RDRE

RPORE

L

WDDRE: Write to PEDDR
WDRE: Write to PEDR
WPCRE: Write to PEPCR
RDRE: Read PEDR
RPORE: Read port E
RPCRE: Read PEPCR

n=0to7

External address
lower read

L~

=

248

Figure5.34 Port E Block Diagram (Pins PE,)
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5.16.12 Port F

Reset

Q D
PFODDR

Internal data bus

T
WDDRF
Modes 4 to 6 Bus controller

Reset

PFq <

Q
PFODR

|
WDRF

RDRF

RPORF

™
L~

WDDRF: Write to PFDDR
WDRF: Write to PFDR
RDRF: Read PFDR
RPORF: Read port F

Figure5.35(a) Port F Block Diagram (Pin PF,)
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Reset
|

R
Q D— 0
PF1DDR a
C 8
! 3
WDDRF =
c
Reset )
‘ E
R
PF, Q D—
PF1DR
C
\
WDRF
Modes 4 to 6
Bus controller
~BRLE bit
o<} ~Bus request
. acknowledge output
RDRF RRRREREEE
RPORF
™
I/
WDDRF: Write to PFDDR
WDRF: Write to PFDR
RDRF: Read PFDR
RPORF: Read port F
Figure5.35(b) Port F Block Diagram (Pin PF,)
250

HITACHI




PF,

Reset
|

R

Q D

PF2DDR
C

I
WDDRF

Reset
|

Modes 4 to 6

N

Modes 4 to 6

R

Q
PF2DR
C

|
WDRF

D——

Internal data bus

Bus controller

. Bus request output

. enable

Ce=
o]

RDRF

RPORF

— Bus request output

NN
%

Wait input

LCAS output enable

N

L~
WDDRF:  Write to PFDDR
WDREF: Write to PFDR
RDRF: Read PFDR
RPORF: Read port F
WAITPS:  WAIT pin select

BREQOPS: BREQO pin select

LCAS output

e 44444444444v444444444444444444444

Modes4and 6 __________

Wait enable
- WAITPS

- BREQOPS

Figure5.35(c) Port F Block Diagram (Pin PF,)
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PF,

Reset
|

Mode 7
]

Modes 4 to 6

R

Q D]

PF3DDR
C

I
WDDRF

Reset
|

T
Modes 4 to 6

R
Q D
PF3DR

C

|
WDRF

Internal data bus

Interrupt controller

™~

L
WDDRF: Write to PFDDR
WDRF:  Write to PFDR
RDRF: Read PFDR
RPORF: Read port F
LWROD: LWR output disable

RDRF

RPORF

252

Figure5.35(d) Port F Block Diagram (Pin PF,)
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PF,

Reset
|

R

Modes 4 to 6

Mode 7
-

PF4ADDR
C

[
WDDRF

Reset
|

R

I
Modes 4 to 6

Q
PF4DR
C

|
WDRF

Q D

D—

Internal data bus

Bus controller

™

L
WDDRF: Write to PFDDR
WDRF: Write to PFDR
RDRF: Read PFDR
RPORF: Read port F

RDRF

RPORF

Figure5.35(e) Port F Block Diagram (Pin PF,)
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PF5

Reset
|

Bus controller

R
Q D— |9
PF5DDR a
Modes 4 to 6 (‘3 g
WDDRF =
£
Reset [}
Mode 7 | c
— R
Q D—
PF5DR
ﬁ C
Modes 4 to 6 I
WDRF
RDRF
RPORF
™~
I/
WDDRF: Write to PFDDR
WDRF: Write to PFDR
RDRF: Read PFDR
RPORF: Read port F

254

Figure5.35 (f) Port F Block Diagram (Pin PF;)
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PFg

Reset
|

Modes 4 to 6

R

Q D

PF6DDR
C

I
WDDRF

Reset
|

Modes

S

to 6

R

Q
PF6DR
C

|
WDRF

D——

Internal data bus

Interrupt controller

™

L~

WDDRF: Write to PFDDR
WDRF: Write to PFDR
RDRF: Read PFDR
RPORF: Read port F
ASOD: AS output disable

RDRF

RPORF

Figure5.35(g) Port F Block Diagram (Pin PF)
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PF,

Modes 4to 6 Mode 7
Reset

S R

Q
PF7DDR
cC

I
WDDRF

Reset

Internal data bus

™

RDRF

RPORF

L

WDDRF: Write to PFDDR
WDRF: Write to PFDR
RDRF: Read PFDR
RPORF: Read port F

256

Figure5.35 (h) Port F Block Diagram (Pin PF.)
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5.16.13 Port G

PGy

Reset
|

R

Q D
PGODDR
C

[
WDDRG

Reset
|

R

D—

Q
PGODR
C

I
WDRG

Modes 4 to 6

Internal data bus

Bus controller

,,,,,,,,,,,

3 CAS enable
~ CAS output

o]

RDRG

RPORG

S

L

WDDRG: Write to PGDDR

WDRG: Write to PGDR
RDRG: Read PGDR
RPORG: Read port G

Figure5.36 (a) Port G Block Diagram (Pin PG,)
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Reset
|

R
Q D— %)
PGNDDR a
C 8
! 3
WDDRG =
c
Reset o
Mode 7 | <
- R -
PG, Q D]
PGnDR
o C
Modes ‘ Interrupt controller
4106 WDRG T
CS25E
Bus controller
O<} - Chip select
RDRG
RPORG
™~
I/
WDDRG: Write to PGDDR
WDRG: Write to PGDR
RDRG: Read PGDR
RPORG: Read port G
CS25E: CS25 enable
n=1lor2
Figure5.36 (b) Port G Block Diagram (Pins PG, and PG,)
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PG,

Reset
|

Mode 7
|

R

Q D

PG3DDR
C

[
WDDRG

Reset
|

]
Modes
4t06

R
Q D
PG3DR

C

l
WDRG

Internal data bus

Interrupt controller

,,,,,,,,,,,

,,,,,,,,,,,

™

L~

WDDRG: Write to PGDDR
WDRG: Write to PGDR
RDRG: Read PGDR
RPORG: Read port G
CS167E: CS167 enable

RDRG

RPORG

Figure5.36 (c) Port G Block Diagram (Pin PG,)
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PG,

Modes 4and 5 Modes 6 and 7
Reset

S R

Mode 7
-

PG4DDR
C

T
WDDRG

Reset
|

R

Internal data bus

—
Modes 4 to 6

Q D
PG4DR
C

l
WDRG

Bus controller

S

RDRG

RPORG

L

WDDRG: Write to PGDDR
WDRG: Write to PGDR
RDRG: Read PGDR
RPORG: Read port G
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Section 6 Supporting Module Block Diagrams

6.1

6.1.1

Features

Interrupt Controller

e Selection of two interrupt control modes
e Eight priority levels can be set for each module with IPR
« Independent vector addresses
+ Nineexternal interrupt pins (NMI, IRQ; to IRQ,)
e DTC and DMAC activation control

6.1.2

Block Diagram

| INTM1 INTMO

SYSCR|

NMI input

NMIEG ¢

IRQ input

Internal interrupt
source
SWDTEND to TEI

Legend
ISCR:
IER:
ISR:
IPR:

= NMI input unit

ISR

IRQ input unit

Interrupt controller

Priority
determination

Interrupt request

Vector number

CPU

| CCR

12t0 10 |

IRQ sense control register
IRQ enable register

IRQ status register
Interrupt priority register

SYSCR: System control register

| EXR

Figure6.1 Block Diagram of Interrupt Controller
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6.1.3 Pins

Table6.1 Interrupt Controller Pins

Name Symbol 110 Function

Nonmaskable interrupt NMI Input Nonmaskable external interrupt;
rising or falling edge can be
selected

External interrupt requests 7 to 0 IRQ, to IRQ, Input Maskable external interrupts;

rising, falling, or both edges, or
level sensing, can be selected
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6.2 DMA Controller

6.2.1 Features

e Selection of short address mode or full address mode
¢ 16-Mbyte address space can be specified directly
« Byteor word can be set as the transfer unit

e Activation sources. internal interrupt, external request, auto-request (depending on transfer
mode)

¢ Module stop mode can be set

6.2.2 Block Diagram

Internal address bus

Internal interrupts m
TGIOA  — - Address buffer

TGIIA —»
TGI2A  —»
TGI3A ﬁ Processor
TGMA —»
TGISA —= B MAROA
e . ol £ IOAROA g
. — | ®
TXI1 . Control logic 215 ETCROA %
RX > HE MAROB S
External pins —— © % I0AROB %
REQ, — > g 3
DREQ, —» DMAWER o ETCROB
TEND, ~=— DMATCR g MAR1A
TEND, = El
mﬁ . DMACROA o E IOARIA
DACK, —=— DMACROB 35| ETCRIA
'merr”plgsé'%'g‘(l); . DMACRIA HE MAR1B
DENDOB ~=— DMACR1B Ol g IOAR1B
©
PSS = | DMABCR 5 ETCR1B

Data buffer

Legend

DMAWER: DMA write enable register

DMATCR: DMA terminal control register

DMABCR: DMA band control register (for all channels)
DMACR: DMA control register

Internal data bus

MAR: Memory address register
I0AR: 1/0 address register
ETCR: Execute transfer counter register

Figure6.2 Block Diagram of DMAC
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6.2.3 Pins

Table6.2 DMAC Pins

Channel Name Symbol I/0 Function

0 DMA request 0 DREQ, Input DMAC channel 0 external request
DMA transfer DACK, Output DMAC channel 0 single address
acknowledge 0 transfer acknowledge
DMA transferend 0  TEND, Output DMAC channel 0 transfer end

1 DMA request 1 DREQ, Input DMAC channel 1 external request
DMA transfer DACK, Output DMAC channel 1 single address
acknowledge 1 transfer acknowledge
DMA transfer end 1 TEND, Output DMAC channel 1 transfer end
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6.3 Data Transfer Controller

6.3.1 Features

e Transfer possible over any number of channels

e Variety of transfer modes, including normal, repeat, and block transfer

« Direct specification of 16-Mbyte address space possible

e Byte or word can be selected as the transfer unit

* A CPU interrupt can be requested for an interrupt that activatesthe DTC
¢ Can be activated by software

¢ Module stop mode can be set

e DTC register information islocated in on-chip RAM

6.3.2 Block Diagram

Internal address bus

Interrupt controller DTC On-chip RAM

s |
Interrupt 2
request < Wb x E 1
5 5 8 Control s
ofol |5 logic s} o Q £
— =B B —— x << =
a ol o DTC Zcm B0 e
activation : 5 S > 3
request I x|
= I
CPU Internal data bus
interrupt
request
Legend
MRA, MRB: DTC mode registers A and B
CRA, CRB: DTC transfer count registers A and B
SAR: DTC source address register
DAR: DTC destination address register
DTCERA to DTCERF: DTC enable registers Ato F
DTVECR: DTC vector register

Note: The RAME bit in SYSCR must be set to 1 when the DTC is used.

Figure6.3 Block Diagram of DTC
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6.4 16-Bit Timer Pulse Unit

6.4.1 Features

» Comprises six 16-bit timer channels
* Maximum 16 pulse inputs/outputs
» Selection of 8 counter input clocks for each channel

» Compare match, input capture, counter clear operation, synchronous operation, and PWM
mode can be set for each channel

» Buffer operation can be set for channels0 and 3
» Phase counting mode can be set independently for each of channels 1, 2, 4, and 5

» Cascaded operation possible by connecting two 16-bit counter channels to form a 32-hit
counter

» Fast accessviainterna 16-bit bus

» Programmable pulse generator (PPG) output trigger can be generated
» A/D converter conversion start trigger can be generated

» Module stop mode can be set
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6.4.2 Block Diagram

S 4L
»|§|5|8[
o = =] = é @ ola
K> % < <5555 5% [Interrupt request signals]
55|z &l i Lt ol Rl Channel 3: TGI3A
[Input/output pins] = .(:3 [ TGI3B
Channel 3:  TIOCA; TGI3C
TIOCB,4 =l ] TGI3D
TIOCCs ~|2 Sl TCI3V
TIOCD, ] EF]|T = Channel 4: TGI4A
Channel 4:  TIOCA, N § ol el 1 'L_) |L_') ('2 TGI4B
TIOCB, 5|0l oluk TClaV
Channel 5. TIOCAg FlFIF TCl4U
Te)
TIOCBs o — Channel 5: TGISA
09 &l | TGISB
5T © 0>
I N -1 = s S Teis0
— £
S s 1 § 10| 0|0
=5 Sly|lx|x FlF|F
. o = [CRNS] 9 [T
[Clock input] S HlE|F
Internal clock: @/1
al4
2/16
/64 Sl 12
L a Internal data bus
/256 | 8|5z 9 >
/1024 ‘ E|l 3 i g8
2/4096 El & ||| |2 @ £ A/D conversion start
External clock:TCLKA o| 3 |IBKET = request signal
[ (e} .
TCLKB J [ 1= |= > PPG output trigger
TCLKC signal
TCLKD X F|
°|8|8| s
o E|E|F El<|olola
L] € Nzl x|x
N = T o|lo|o|c|e
Sl x FlFF[F|F
o9l Wi )
[Input/output pins] =1L [Interrupt request signals]
Channel 0:  TIOCA, ———— Channel 0: TGIOA
TIOCByg 14 x TGIOB
TIOCC, bl g 0N TGIoC
gIF| |7 Els|® TGIOD
TIOCD, LN € | Z| x| x
N s elele TCIOV
Channel 1: ~ TIOCA; o |lxlx|lx ===
TIOCB, o 8 8 L'L_JO Channel 1: TGI1A
Channel 2:  TIOCA, ~ TGI1B
TIOCB, e — — TClV
9 ol B x| TCiu
22 E ke =l <|m Channel 2: TGI2A
= LN € z||x
QE N G 10| olo TGI2B
£5 Slr|lxlx == TCI2V
S = o|o|o|wK
[Srs] FlFF TCl2U
Figure6.4 Block Diagram of TPU
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6.4.3 Pins
Table6.3 TPU Pins
Channel Name Symbol 110 Function
All Clock input A TCLKA Input External clock A input pin
(Channel 1 and 5 phase counting
mode A-phase input)
Clock input B TCLKB Input External clock B input pin
(Channel 1 and 5 phase counting
mode B-phase input)
Clock input C TCLKC Input External clock C input pin
(Channel 2 and 4 phase counting
mode A-phase input)
Clock input D TCLKD Input External clock D input pin
(Channel 2 and 4 phase counting
mode B-phase input)
0 Input capture/out compare  TIOCA, /0 TGROA input capture input/output
match A0 compare output/PWM output pin
Input capture/out compare  TIOCB, 110 TGROB input capture input/output
match BO compare output/PWM output pin
Input capture/out compare  TIOCC, /0 TGROC input capture input/output
match CO compare output/PWM output pin
Input capture/out compare  TIOCD, 110 TGROD input capture input/output
match DO compare output/PWM output pin
1 Input capture/out compare  TIOCA, /0 TGR1A input capture input/output
match Al compare output/PWM output pin
Input capture/out compare  TIOCB, 110 TGR1B input capture input/output
match B1 compare output/PWM output pin
2 Input capture/out compare  TIOCA, /0 TGR2A input capture input/output
match A2 compare output/PWM output pin
Input capture/out compare  TIOCB, 110 TGR2B input capture input/output
match B2 compare output/PWM output pin
3 Input capture/out compare  TIOCA, /0 TGR3A input capture input/output
match A3 compare output/PWM output pin
Input capture/out compare  TIOCB, 110 TGR3B input capture input/output
match B3 compare output/PWM output pin
Input capture/out compare  TIOCC, /0 TGR3C input capture input/output
match C3 compare output/PWM output pin
Input capture/out compare  TIOCD, 110 TGR3D input capture input/output
match D3 compare output/PWM output pin
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Channel Name Symbol 1/0 Function

4 Input capture/out compare  TIOCA, 1/0 TGRA4A input capture input/output
match A4 compare output/PWM output pin
Input capture/out compare  TIOCB, 1/0 TGR4B input capture input/output
match B4 compare output/PWM output pin

5 Input capture/out compare  TIOCA, 1/0 TGR5A input capture input/output
match A5 compare output/PWM output pin
Input capture/out compare  TIOCB, 1/0 TGR5B input capture input/output

match B5

compare output/PWM output pin

HITACHI
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6.5 Programmable Pulse Generator

6.5.1 Features

» Maximum 16-bit data output capability

» Upto four different 4-bit outputs

» Output trigger signals can be selected

* Non-overlap margin can be set

» Can operate together with the data transfer controller (DTC) and DMA controller (DMAC)
» Inverse output can be selected

* Module stop mode can be set

6.5.2 Block Diagram

Compare-match signals

NDERH NDERL
Control logic PMR PCR

PO,, =—{ Pulse output
PO,3 =— pins, group 3
------------- PODRH F--- NDRH:---
PO;g <—{ Pulse output
POg ~-=— pins, group 2

Internal data bus

POg ——{ Pulse output
POs -+— pins, group 1
------------- PODRL r--- NDRL:---

PO, -——{ Pulse output
PO; ~— pins, group 0

PMR: PPG output mode register
PCR: PPG output control register
NDERH: Next data enable register H
NDERL: Next data enable register L
NDRH: Next data register H

NDRL: Next data register L
PODRH: Output data register H
PODRL: Output data register L

Figure6.5 Block Diagram of PPG
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6.5.3 Pins

Table6.4 PPG Pins

Name Symbol I/O Function

Pulse output O PO, Output Group 0 pulse output
Pulse output 1 PO, Output

Pulse output 2 PO, Output

Pulse output 3 PO, Output

Pulse output 4 PO, Output Group 1 pulse output
Pulse output 5 PO, Output

Pulse output 6 PO Output

Pulse output 7 PO, Output

Pulse output 8 PO, Output Group 2 pulse output
Pulse output 9 PO, Output

Pulse output 10 PO,, Output

Pulse output 11 PO, Output

Pulse output 12 PO,, Output Group 3 pulse output
Pulse output 13 PO,, Output

Pulse output 14 PO,, Output

Pulse output 15 PO, Output
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6.6 8-Bit Timer

6.6.1 Features

» Two-channel timer using 8-hit counters as base

» Selection of four counter input clocks

» Counter clearing can be specified

» Timer output by combination of two compare match signals

» Cascaded operation possible by connecting both counter channels to form a 16-bit counter
» Threeinterrupt sources for each channel

» A/D converter conversion start trigger can be generated

» Module stop mode can be set

6.6.2 Block Diagram

External clocks Internal clocks
TMClg /8
TMCly /64
/8192
Clock 1
Clock Clock 0
selection |

TCORAO TCORAL

|
T Compare match Al | K) K)

Compare match AO | Comparator AQ Comparator A1|

TMOy = Overflow 1 r (ﬁ (W

TMRIlg —» Overflow O TCNTO TCNT1

Clear0 * I

Clear 1 a

Compare match B1 E

Control Comgare match BO | Comparator BO I:' Comparator B1| g

TMO; =—— logic -
TMRI{ —»]

| Tcoreo | Tcore:
AID conversion | tcsro || Ttosm
start request

est_|

signal
TCRO I:' TCR1
L CMIAO

— CMIBO

—> 0VIO

L0

— CMIA1

———————=CMIB1

ovii
Interrupt signals

Figure6.6 Block Diagram of 8-Bit Timer

HITACHI

272




6.6.3 Pins

Table6.5 8-Bit Timer Pins

Channel Name Symbol 1/0 Function

0 Timer output pin 0 T™MO, Output Compare match output
Timer clock input pin 0 TMCI, Input Counter external clock input
Timer reset input pin 0 TMRI, Input Counter external reset input

1 Timer output pin 1 TMO, Output Compare match output
Timer clock input pin 1 TMCI, Input Counter external clock input
Timer reset input pin 1 TMRI, Input Counter external reset input
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6.7

6.7.1

Watchdog Timer

Features

» Switchable between watchdog timer mode and interval timer mode
«  WDTOVF output in watchdog timer mode

* Interrupt generation when counter overflowsin interval timer mode
» Selection of eight counter input clocks

6.7.2

Block Diagram

Overflow « a2
WOV (interrupt _ Interrupt |~ -~ /64 1
request signal) ! control |« -~ /128
| Clock Clock («——/512 |
o¢ selection |« /2048
-« 2/8192
AT ‘ /32768 |
WDTOVF'2 = | <~ @ ‘
; Re?etl «~— /131072 |
Internal  <—— contro Internal clocks !
reset signal’? !
| f I IS
| =
; | RSTCSR | | TCNT |<»| TSCR | e
| Ll e
| Lo
| L E
| O O O Bus T
f Module bus interface C
T —————————— WDT oo 1
Legend
TCSR: Timer control/status register
TCNT: Timer counter
RSTCSR: Reset control/status register
Notes: 1. The internal reset signal can be generated by means of a register setting.
2. The WDTOVF pin function is not available in the F-ZTAT version.
Figure6.7 Block Diagram of WDT
274

HITACHI




6.7.3 Pins

Table6.6 WDT Pin

Name Symbol /0 Function

Watchdog timer overflow WDTOVF* Output Outputs counter overflow signal in
watchdog timer mode

Note: * The WDTOVF pin function is not available in the F-ZTAT version.
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6.8 Serial Communication I nterface

6.8.1 Features

» Threeindependent on-chip channels in the H8S/2329 and H85/2328 Series
» Selection of synchronous or asynchronous serial communication mode

* Full-duplex communication capability

o Selection of LSB-first or MSB-first transfer

» Built-in baud rate generator allows any bit rate to be selected

» Selection of transmit/receive clock source

» DTC and DMAC can be activated by 4 interrupts (ERI, RXI, TXI, and TEI)
» Module stop mode can be set

6.8.2 Block Diagram

[
Q
8
) Internal
Module data bus b= data bus
(2]
>
[ rorR | | TR | SCMR | BRR —
( T I SSR
le— @
' i SR
RD—= | RsR | [] TSR R Baudrate [~ /4
generator 2/16
Transmission/
reception aiea
TxD control
X
Parity generation Clock
Parity check
External clock
SCK
TEI
TXI
RXI
Legend ERI

SCMR: Smart card mode register
RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR:  Serial status register
BRR: Bit rate register

Figure 6.8 Block Diagram of SCI
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6.8.3 Pins

Table6.7 SCI Pins

Channel Name Symbol le] Function

0 Serial clock pin 0 SCK, I/0 SCIO clock input/output
Receive data pin 0 RxD, Input SCIO0 receive data input
Transmit data pin 0 TxD, Output SCIO0 transmit data output

1 Serial clock pin 1 SCK, I/0 SCI1 clock input/output
Receive data pin 1 RxD, Input SCI1 receive data input
Transmit data pin 1 TxD, Output SCI1 transmit data output

2 Serial clock pin 2 SCK, I/O SCI2 clock input/output
Receive data pin 2 RxD, Input SCI2 receive data input
Transmit data pin 2 TxD, Output SCI2 transmit data output
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6.9 Smart Card Interface

6.9.1 Features

» |IC card interface conforming to | SO/IEC7816-3 supported as SCI extension function
» Switching between normal SCI and smart card interface by means of register setting
» Built-in baud rate generator allows any bit rate to be selected
» DTC and DMAC can be activated by 3 interrupts (TXI, RXI, and ERI)

6.9.2 Block Diagram

[}
Q
©
g Internal
Module data bus [g]
b= data bus
ﬂ U U U :
>
m
RDR | TDR SCMR | BRR |
m ; U i SSR - o
ro=[| RsR | [[ TsR SCR Baud rate |-=— /4
I SMR generator | p/16
Transmission/ /64
reception e
control
TXD =
Pariy generation | £ | | 4 clock
Parity check
SCK-=
= TXI
= RXI
Legend > ERI

SCMR: Smart card mode register

RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register

TDR: Transmit data register

SMR: Serial mode register
SCR: Serial control register
SSR:  Serial status register

BRR: Bit rate register

278

Figure6.9 Block Diagram of Smart Card Interface

HITACHI




6.9.3 Pins

Table6.8 Smart Card Interface Pins

Channel Name Symbol le] Function

0 Serial clock pin 0 SCK, I/0 SCIO clock input/output
Receive data pin 0 RxD, Input SCIO0 receive data input
Transmit data pin 0 TxD, Output SCIO0 transmit data output

1 Serial clock pin 1 SCK, I/0 SCI1 clock input/output
Receive data pin 1 RxD, Input SCI1 receive data input
Transmit data pin 1 TxD, Output SCI1 transmit data output

2 Serial clock pin 2 SCK, I/O SCI2 clock input/output
Receive data pin 2 RxD, Input SCI2 receive data input
Transmit data pin 2 TxD, Output SCI2 transmit data output
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6.10 A/D Converter

6.10.1 Features

* 10-bit resolution

» Eight input channels

» Settable analog conversion voltage range

» Conversion time: 6.7 ps per channel (at 20 MHz operation)

» Selection of single mode or scan mode as operating mode

» Four dataregisters

» Sample-and-hold function

« Threekinds of conversion start (software, timer conversion start trigger, or ADTRG pin)
» A/D conversion end interrupt request generation

» Module stop mode can be set

6.10.2  Block Diagram

Internal

Module data bus data bus
[
8
5]
ANAA 00 |t
@ %)
5 a
AVee —»f g
HRHEEEHERE
52
Vi —=1 10-bitbiA K| SB[ 218|238 Q18
o2 <|<|<| < <<
AVgs —=] 2
o
s}
=1
[
ANy —»]
AN; — ]
AN, — ] 5
ANz —» 3}
° = Control circuit
AN, —»= =
ANg —» =
AN Sample-and-hold
g circuit
AN; — ]
‘ ADI interrupt
signal
ADTRG
Conversion start trigger
from 8-bit timer or TPU
Legend

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

Figure6.10 Block Diagram of A/D Converter
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6.10.3 Pins

Table6.9 A/D Converter Pins

Name Symbol 110 Function

Analog power supply pin AV Input Analog circuit power supply

Analog ground pin AV Input Analog circuit ground and reference voltage
Reference voltage pin Vot Input A/D conversion reference voltage

Analog input pin 0 AN, Input Group 0 analog input

Analog input pin 1 AN, Input

Analog input pin 2 AN, Input

Analog input pin 3 AN, Input

Analog input pin 4 AN, Input Group 1 analog input

Analog input pin 5 AN, Input

Analog input pin 6 AN, Input

Analog input pin 7 AN, Input

A/D external trigger input  ADTRG Input External trigger for starting A/D conversion

pin
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6.11 D/A Converter

6.11.1 Features

8-bit resolution

Two output channels

Maximum conversion time of 10 ps (with 20 pF capacitive load)
Output voltage of 0V to V

D/A output hold function in software standby mode

Module stop mode can be set

6.11.2 Block Diagram

Module data bus

o

AVce —»
DA; —-— 8-bit D/A

DADRO
DADR1
DACR

DA =—

AVSS —_—

Bus interface

| U

Control circuit

Legend
DACR: D/A control register
DADRO, DADR1: D/A data registers 0 and 1

Internal data bus

>
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Figure6.11 Block Diagram of D/A Converter
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6.11.3 Pins

Table6.10 D/A Converter Pins

Name Symbol 1/0 Function

Analog power supply pin AV Input Analog circuit power supply

Analog ground pin AV Input Analog circuit ground and reference voltage
Analog output pin 0 DA, Output Channel 0 analog output

Analog output pin 1 DA, Output Channel 1 analog output

Reference voltage pin Voo Input Analog circuit reference voltage
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6.12 RAM (H8S5/2329, H85/2324)

6.12.1 Features

» 32 kbytes of on-chip high-speed static RAM
» Connected to the CPU by a 16-bit data bus, enabling one-state access to both byte data and
word data

» Can be enabled or disabled by means of the RAM enable bit (RAME) in the system control
register (SYSCR)

6.12.2  Block Diagram

Internal data bus (upper 8 bits)

A

Internal data bus (lower 8 bits)

H'FF7C00 H'FF7CO01
H'FF7C02 H'FF7C03
H'FF7C04 H'FF7C05
H'FFFBFE H'FFFBFF

Figure6.12 Block Diagram of RAM (32 kbytes)
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6.13 RAM (H8S5/2328, H852327, H85/2323, H85/2322)

6.13.1 Features

« Eight kbytes of on-chip high-speed static RAM
¢ Connected to the CPU by a 16-hit data bus, enabling one-state access to both byte data and

word data

e Can be enabled or disabled by means of the RAM enable bit (RAME) in the system control

register (SY SCR)

6.13.2  Block Diagram

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

H'FFDC00 H'FFDCO1
H'FFDC02 H'FFDC03
H'FFDCO4 H'FFDC05
H'FFFBFE H'FFFBFF

Figure6.13 Block Diagram of RAM (8 kbytes)
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6.14 RAM (H8S/2320)

6.14.1 Features

» Four kbytes of on-chip high-speed static RAM

» Connected to the CPU by a 16-bit data bus, enabling one-state access to both byte data and
word data

» Can be enabled or disabled by means of the RAM enable bit (RAME) in the system control
register (SYSCR)

6.14.2  Block Diagram

Internal data bus (upper 8 bits)

A

Internal data bus (lower 8 bits)

H'FFEC00 H'FFECO1
H'FFEC02 H'FFECO3
H'FFEC04 H'FFECO5
H'FFFBFE H'FFFBFF

Figure6.14 Block Diagram of RAM (4 kbytes)
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6.15 ROM (H85/2329)

6.15.1 Features

« Connected to the bus master by a 16-bit data bus, enabling one-state access to both byte data

and word data

¢ Theflash memory version (H8S/2329 F-ZTAT) can be erased and programmed with a PROM

programmer, as well as on-board

6.15.2 Block Diagrams

Internal data bus (upper 8 bits)

A

Internal data bus (lower 8 bits)

))

H'000000 H'000001
H'000002 H'000003
H'05FFFE H'O5FFFF

Figure6.15 Block Diagram of Flash Memory (384 kbytes)
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Internal address bus

Internal data bus (16 bits)

Module bus

Legend
FLMCR1:
FLMCR2:
EBR1:
EBR2:
RAMER:
SYSCR2:

< {FmeRil— Q
< [Fimcre} =
< [ eer1 | -
< [esre
< [RAMER}—

Bus interface/controller

Flash memory
(384 kbytes)

Flash memory control register 1
Flash memory control register 2
Erase block register 1

Erase block register 2

RAM emulation register
System control register 2

A

Operating
mode

-+— Mode pins
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Figure6.16 Block Diagram of Flash Memory
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6.16 ROM (H852328, H85/2327, H85/2323)

6.16.1 Features

« Connected to the bus master by a 16-bit data bus, enabling one-state access to both byte data

and word data

¢ Theflash memory version (H8S/2328 F-ZTAT) can be erased and programmed with a PROM

programmer, as well as on-board

¢ The H8S/2328 has 256 kbytes of on-chip mask ROM, the H8S/2327 has 128 kbytes, and the

H85/2323 has 32 kbytes

6.16.2 Block Diagrams

Internal data bus (upper 8 bits)

A

Internal data bus (lower 8 bits)

)

H'000000 H'000001
H'000002 H'000003
H'03FFFE H'O3FFFF

Figure6.17 Block Diagram of Mask ROM (256 kbytes)
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Internal address bus

Internal data bus (16 bits)

< {FmeRil— Q
< [Fimcre} =
< [ eer1 | -
< [esre
< [RAMER}—

Operating FWE pin
mode Mode pins

A

Bus interface/controller

Module bus

Flash memory
(256 kbytes)

Legend

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1: Erase block register 1

EBR2: Erase block register 2

RAMER: RAM emulation register
SYSCR2: System control register 2

Figure6.18 Block Diagram of Flash Memory
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6.17 Clock Pulse Generator

6.17.1 Features

e Comprises an oscillator, duty correction circuit, medium-speed clock divider, and bus master

clock selection circuit

e Generates system clock (g), bus master clock, and internal clock

e Allows switching between medium-speed mode and variable clock division function

6.17.2  Block Diagram

SCKCR

EXTAL —

XTAL —

Oscillator

Duty
correction
circuit

Medium-

speed
clock divider

DIv

SCK, to SCK,

2/2 to 9/32

Y

System clock

Bus
master
clock
selection
circuit

Internal clock

Bus master clock

To @ pin To on-chip To CPU, DTC,
supporting and DMAC
modules

Figure6.19 Block Diagram of Clock Pulse Generator
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Section 7 Electrical Characteristics

For electrical characteristics of the H8S/2329 F-ZTAT and H85/2324, please contact Hitachi’s
sales office.

7.1 Electrical Characteristics of Mask ROM Version (H85/2328,
H8S/2327, H8S/2323) and ROM less Version (H85/2322R, H85/2320)

711 Absolute Maximum Ratings
Table 7.1 lists the absol ute maximum ratings.

Table7.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +4.6 \%
Input voltage (except port 4) V., —0.3t0 V. +0.3 \%
Input voltage (port 4) vV, —0.3t0 AV, +0.3 \%
Reference power supply voltage V. —0.3t0 AV, +0.3 \Y
Analog power supply voltage AV . —0.3to +4.6 \%
Analog input voltage Vo —0.3t0 AV, +0.3 \Y
Operating temperature Topr Regular specifications: —20 to +75 °C

Wide-range specifications: -40to +85  °C

Storage temperature T —55 to +125 °C

stg

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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712 DC Characteristics
Table7.2 DC Characteristics (H85/2328, H85/2327, H85/2323)
Conditions. V=27V 1t03.6V,AV,=27V1036V,V,;=27V10AV, Vss=AVg =

0V*! T,=-20°Cto +75°C (regular specifications), T, = —40°C to +85°C (wide-
range specifications)

Test

Item Symbol  Min Typ Max Unit Conditions
Schmitt Port 1, port 2, V.~ Ve x02 — — V
trgger input pg 1o pg, VA — — Ve x07 V
voltage

PA, to PA, Vi =V Ve, x007 — — \Y,
Input high  RES, STBY, NMI, V, Ve X099 — Vec+03 V
voltage MD, to MD,

EXTAL Vee X0.7  — Ve +03 V

Ports 3, 5, 2.2 — Ve+03 V

B to G, P6, to P6,,

PA, to PA,

Port 4 2.2 — AV, +03 V
Input low RES, STBY, V. -0.3 — Ve 01V
voltage MD, to MD,

NMI, EXTAL, -0.3 — Ve x02 V

ports 3, to 5,

B to G, P6, to P6,,

PA, to PA,
Output high All output pins Vou Vee— 05 — — \% loy =—200 pA
voltage Vee—10 — — Vo Iy, =-1mA
Output low  All output pins Vo, — — 0.4 \Y oo = 1.6 MA
voltage
Input RES [ 1] — — 10.0 pA  V,=05t0
leakage V,.—05V
current STBY, NMI, — — 1.0 HA

MD, to MD,

Port 4 — — 1.0 HA V,=05to

AV, -05V

Three-state Ports 1, 2, 3,5,6, |l — — 1.0 MA  V,=05to
leakage Ports Ato G V=05V
current
(off state)
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Test

Item Symbol  Min Typ Max Unit Conditions

Input pull-up Ports Ato E =y 10 — 300 LA V=27V 10

MOS current 3.6V,

V,=0V

Input RES C. — — 30 pF V,=0V

capacitance — — 30 pF f=1MHz
All input pins — — 15 pF T,=25°C
except RES and
NMI

Current Normal operation  1..** — 40 (3.0V) 80 mA =20 MHz

dissipation*? — 55(3.3V) 100 mA  f=25MHz
Sleep mode — 32(3.0V) 64 mA  f=20 MHz

— 44 (3.3V) 80 mA  f=25MHz
Standby mode**® — 0.01 10 UA T, <50°C
— — 80 HA 50°C < T,

Analog During A/D and Al ¢ — 0.2(3.0Vv) 20 mA

power D/A conversion

supply Idle — 0.01 5.0 LA

voltage

Reference  During A/D and Al ¢ — 14(3.0V) 3.0 mA

power D/A conversion

supply Idle — 0.01 5.0 LA

voltage

RAM standby voltage Veau 2.0 — — \%

Notes: 1. If the A/D and D/A converters are not used, do not leave the AV, V,

ref?

and AVgg

pins open. Connect the AV . and V,, pins to V., and the AV pin to V.
2. Current dissipation values are for V,;min = V.. — 0.5 V and V, max = 0.5 V with all

output pins unloaded and all MOS input pull-ups in the off state.

3. The values are for Vg, SV <2.7V, V,;min =V, x 0.9, and V, max=0.3V.
4. l.. depends on V.. and f as follows:

lec max =1.0 (mA) + 1.10 (mA/(MHz x V)) x V. x f (normal operation)
lcc max = 1.0 (mA) + 0.88 (MA/(MHz xV)) x V. x f (sleep mode)
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Table7.3

DC Characteristics (H85/2322R, H85/2320)

Conditions: V=27V 1t03.6V,AV=27V1t036V,V 4 =27V1t0AV, Vis=AVg=
0V*! T,=-20°Cto +75°C (regular specifications), T, =—40°C to +85°C (wide-
range specifications)

Test

Item Symbol  Min Typ Max Unit Conditions

Schmitt Port 1, port 2, vV, Ve 02 — — V

trigger input pg 14 pg, VA — — Ve x0.7 V

voltage
PA, to PA, V"=V V. x006 — — \

Input high  RES, STBY, NMI, V,, Ve x09 — V+03 V

voltage MD, to MD,

EXTAL Vee x0.7  — Vet 03 V
Ports 3, 5, 2.2 — Ve+03 V
B to G, P6, to P6,,

PA, to PA,

Port 4 2.2 — AV . + 0.3V

Input low RES, STBY, A -0.3 — Ve x01 V

voltage MD, to MD,

NMI, EXTAL, -0.3 — Ve X022 V
ports 3, to 5,

B to G, P6, to P6,,

PA, to PA,

Output high All output pins Vou Vee—05 — — \Y loy =—200 pA

voltage Vee—1.0 — — Vol =-1mA

Output low  All output pins Vo, — — 0.4 \% lop = 1.6 MA

voltage

Input RES [ 1] — — 10.0 pA  V,=05t0

leakage V—-05V

current STBY, NMI, — — 1.0 A
MD, to MD,

Port 4 — — 1.0 HA V,=0.5to
AV..—-05V

Three-state Ports 1, 2, 3,5,6, |lg] — — 1.0 MA  V,=05to

leakage Ports Ato G Vee—05V

current

(off state)
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Test

Item Symbol  Min Typ Max Unit Conditions

Input pull-up Ports Ato E =y 10 — 300 HA V=27V 10

MOS current 3.6V,

V,=0V

Input RES C. — — 30 pF  V,=0V

capacitance — — 30 pF f=1MHz
All input pins — — 15 pF T,=25°C
except RES and
NMI

Current Normal operation  1..** — 30(3.0V) 66 mA  f=20 MHz

dissipation*? — 42 (3.3V) 82 mA f=25MHz
Sleep mode — 22(30V) 51 mA =20 MHz

— 31(33V) 64 mA  f=25MHz
Standby mode**® — 0.01 10 HA T, <50°C
— — 80 MA  50°C<T,

Analog During A/D and Al ¢ — 0.2 2.0 mA

power D/A conversion B.0V)

supply Idle — 0.01 5.0 LA

voltage

Reference  During A/D and Al ¢ — 1.4 3.0 mA

power D/A conversion B.0V)

supply Idle — 0.01 5.0 LA

voltage

RAM standby voltage Veau 2.0 — — \%

Notes: 1. If the A/D and D/A converters are not used, do not leave the AV ., V,, and AVq

ref?

pins open. Connect the AV . and V,, pins to V., and the AV pin to V.

2. Current dissipation values are for V,;min = V.. — 0.2 V and V, max = 0.2 V with all
output pins unloaded and all MOS input pull-ups in the off state.

3. The values are for Vg, SV <2.7V, V,;min =V, x 0.9, and V, max=0.3V.
4. l.. depends on V.. and f as follows:

lec max = 1.0 (mA) + 0.90 (mA/(MHz xV)) x V. x f (normal operation)

lcc max =1.0 (mA) + 0.70 (mA/(MHz x V)) x V. x f (sleep mode)
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Table7.4 Permissible Output Currents

Conditions: V=27V 1t03.6V,AV=27V1t036V,V 4 =27V1t0AV, Vis=AVg=
0V, T,=-20°Cto +75°C (regular specifications), T, = —40°C to +85°C (wide-range

specifications)
Item Symbol Min Typ Max Unit
Permissible output All output pins lou — — 2.0 mA
low current (per pin)
Permissible output Total of all output  ZI,, — — 80 mA
low current (total) pins
Permissible output All output pins —lon — — 2.0 mA
high current (per pin)
Permissible output Total of all output ~ Z—I, — — 40 mA
high current (total) pins

Note: To protect chip reliability, do not exceed the output current values in table 7.4.

7.1.3 AC Characteristics

3V

C=50pF:ports1, Ato F
R C=30pF:ports 2, 3,5,6,G

Chip output pin R =2.4kQ

RH =12 kQ

Input/output timing measurement level:
15V (Ve =2.7V1t03.6V)

Figure7.1 Output Load Circuit
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(1) Clock Timing

Table7.5 Clock Timing

Condition A: V=27V 1036V, AV, =27V 1036V,V4=27V1t0AV, Vss=AVg=
0V, @=2MHzto20 MHz, T,=-20°C to 75°C (regular specifications),

T, =-40°C to 85°C (wide-range specifications)

ConditionB: V=30V 1t036V,AV,=30V103.6V,V,;=30Vt0AVc, Ve=AVg =
0V, g=2MHzto25MHz, T,=-20°Cto 75°C (regular specifications),

T, =-40°C to 85°C (wide-range specifications)

Condition A Condition B Test
Item Symbol Min Max Min Max Unit Conditions
Clock cycle time toe 50 500 40 500 ns Figure 7.2
Clock pulse high width ten 20 — 15 — ns
Clock pulse low width te 20 — 15 — ns
Clock rise time te — 5 — 5 ns
Clock fall time ter — — ns
Reset oscillation stabilization  tyg, 10 — 10 — ms Figure 7.3
time (crystal)
Software standby oscillation tosca 10 — 10 — ms
stabilization time (crystal)
External clock output toext 500 — 500 — Us Figure 7.3

stabilization delay time

HITACHI
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teL

ter

Figure7.2 System Clock Timing

EXTAL
tpEXT
—s5 g

Vee

STBY _]

NMI

(C

J

300

Figure7.3 Oscillation Stabilization Timing
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(2) Control Signal Timing

Table7.6 Control Signal Timing

Condition A: Ve =27V 103.6V, AV =27V 1036V, Vg = 2.7V t0AV¢, Vs = AV

0V, @=2MHzto20 MHz, T,=-20°C to 75°C (regular specifications),

T, =-40°C to 85°C (wide-range specifications)

Condition B: V=30V 103.6V,AV=3.0V 103.6V,V,s=3.0V t0AVe, Vs = AV

0V, g=2MHzto25MHz, T,=-20°Cto 75°C (regular specifications), T, =—
40°C to 85°C (wide-range specifications)

Condition A Condition B Test
Item Symbol Min Max Min Max Unit Conditions
RES setup time trees 200 — 200 — ns Figure 7.4
RES pulse width tresw 20 — 20 — teye
NMI setup time tums 150 — 150 — ns Figure 7.5
NMI hold time tamn 10 — 10 —
NMI pulse width (in recovery Eaviw 200 — 200 —
from software standby mode)
IRQ setup time tiros 150 — 150 — ns
IRQ hold time tiro 10 — 10 —
IRQ pulse width (in recovery trow 200 — 200 —

from software standby mode)
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trRESS trRESS
|

3
m
w
-

—

tRESW

Figure7.4 Reset Input Timing

o /NS NS S
< wis | tmie
' N
N X X
- Iviw .
IRQ >é( JF<
» tirow -
tiros tiroH
IRQ >£ $<
edge input
tiros

IRQ —\
level input X

Figure7.5 Interrupt Input Timing
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(3) BusTiming
Table7.7 BusTiming

Condition A: V=27V 1036V, AV, =27V 1036V,V4=27V1t0AV, Vss=AVg=
0V, @=2MHzto20 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

ConditionB: V=30V 1t036V,AV,=30V103.6V,V,;=30Vt0AVc, Ve=AVg =
0V, g=2MHzto25MHz, T,=-20°Cto 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

Condition A Condition B
Item Symbol Min Max Min Max Unit Test Conditions
Address delay time tap — 20 — 20 ns Figures 7.6 to 7.13
Address setup time tas 0.5 x — 0.5 x — ns
tye — 15 toye — 15
Address hold time tan 0.5x — 0.5 x — ns
toye — 10 tye — 8
Precharge time toch 15x — 15x — ns
toye— 20 tye— 15
CS delay time 1 tesor — 20 — 15 ns
CS delay time 2 tesoa — 20 — 15 ns
CS delay time 3 tesos — 25 — 20 ns
AS delay time taso — 20 — 15 ns
RD delay time 1 trsoi — 20 — 15 ns
RD delay time 2 tesoa — 20 — 15 ns
CAS delay time teaso — 20 — 15 ns
Read data setup time tros 15 — 15 — ns
Read data hold time tron 0 — 0 — ns
Read data access time 1 t, ., — 1.0x — 1.0 x ns
toye — 25 toye — 20
Read data access time 2 t,.., — 15x% — 15x ns
toye — 25 toye — 20
Read data access time 3 t, ., — 2.0x — 2.0x ns
toye — 25 toye — 20
Read data access time 4 t,.c, — 25x — 25x ns
toye — 25 toye — 20
Read data access time 5 t,.cs — 3.0x — 3.0x ns
toye — 25 toye — 20
Read data access time 6 t, ¢ — 1.0x — 1.0 x ns
t 25 t 20

cyc cyc
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Condition A Condition B
Iltem Symbol Min Max Min Max Unit Test Conditions
WR delay time 1 twro1 — 20 — 15 ns Figures 7.6 to 7.13
WR delay time 2 twro2 — 20 — 15 ns
WR pulse width 1 twswe 1.0 x — 1.0 x — ns
toye — 20 tye — 15
WR pulse width 2 twswz 1.5 x — 1.5x — ns
toye — 20 tye — 15
Write data delay time twop — 30 — 20 ns
Write data setup time twos 0.5 x — 0.5 x — ns
toye — 20 teye — 15
Write data hold time twon 0.5 x — 0.5 x — ns
toe — 10 te — 8
WR setup time twes 0.5 x — 0.5 x — ns
toe — 10 teye — 10
WR hold time twen 0.5 x — 0.5 x — ns
toe — 10 teye — 10
CAS setup time tesr 0.5 x — 0.5 x — ns Figure 7.10
toe — 10 te — 8
WAIT setup time twrs 30 — 25 — ns Figure 7.8
WAIT hold time tra 5 — 5 — ns
BREQ setup time taros 30 — 30 — ns Figure 7.14
BACK delay time taaco — 15 — 15 ns
Bus floating time tazo — 50 — 40 ns
BREQO delay time taroop — 30 — 25 ns Figure 7.15
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- T -l T2 -
2 _/ \_%\_ \_
taD
A23 to AO >\ /<
tcspa Ctas| | Ctan|

C5;0005, X X

| |tasp tasp
AS \\— v

_|IRSDL  taccr | | | trspo
RD \
(read) - \

_las taccs _|tros| troH.
D15 to DO B ‘
(read) _
tWRDZ tWRD2

HWR, LWR g\ [
(write) - =\—/<W>

|twop WSW1 ' twon
Dl5 to DO v
(write)

Figure7.6 Basic Bus Timing (2-State Access)
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e _/ _ /] \
taD
A23 to AO > >\
t ‘tAS - ‘tAH :
csp1| |
G510 CS, p )
| |tasp tasp
AS 3 4
| trsp1 tacca | |lrsp2
RD el \ /O
AS
(read) - =N
. bnecs s o
D15 to DO B \
(read) -1,
twrp1 twrD2
HWR, LWR \  E—
(write) i - o
WDD - - tAH
- tWDS‘ twsw2 twoH
D15 to DO

(write)

Figure7.7 Basic Bus Timing (3-State Access)
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Ty T Tw T3

A23 to Ao

X
X

CS; 10 CSy

AS

RD
(read)

N\
N\

D15 to DO
(read)

HWR, LWR \
(write)

D15 to Do :
(write)

twrs |twTH twrs | twTH

Figure7.8 Basic Bus Timing (3-State Access, 1 Wait)
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[ -l Tr » Te1 | Te2 »-
I} 14 \ Y \ Y \ ]
h L N N\
|tap |t
Aagtoho X X X X
das| | tan
- tpcH e taccs . fcsps
CS5to CS, / \
(RAS) _ N\
|- |
tesp2 tcasp|  facce| tcasp

CAS L

- tacca 'ros |'Ron
D15 to Do
(read) :

twrD2 twrp2
HWR, (WE) \ /
(write) \A—‘
t t
tWDIi - W\ggs= e <tWDH -
D]_5 to DO
(write)
Figure7.9 DRAM BusTiming
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Tre2

tcasp

:

tespr

T

tcasp

7

Figure7.10 CAS-Before-RASRefresh Timing

- Trp R Trr L Tre L Tre R
o J/—L [\
tesp2 tcsp2
CSs5t0 CS,
(RAS) (5
tcasp tcasp
CAS / (
Figure7.11 Self-Refresh Timing
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TZ or T3

e n__/ \
tAp
patoho X ({ X X
tas Ctan| |
CSo X ) (
tasp  fasp| |
AS \ I \ /o
trsp2
RD
(read) qd
taces tros | tROH
D15 to DO ( / —
(read) " \
Figure7.12 Burst ROM Access Timing (2-State Access)
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A23 to Ao

RD
(read)

D15 to Do
(read)

trsp2
7 L
tacc1 tros|tRDH

( § \/ >— ——

Figure7.13 Burst ROM Access Timing (1-State Access)
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t
BRQS tBrQs

BREQ

t
BACD tsacD

BACK

tgzp tBZD
A23K)Ao, - - - —

Eﬂ§7t0tﬁ§o, 55
AS, RD, 5 5
HWR, LWR,

CAS

Figure7.14 External BusRelease Timing

- _ /N

t8rRQOD tsrQOD

BREQO [

Figure7.15 External BusRequest Output Timing
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(4) DMAC Timing
Table7.8 DMAC Timing

Condition A: V=27V 1036V, AV, =27V 1036V,V4=27V1t0AV, Vss=AVg=
0V, @=2MHzto20 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

ConditionB: V=30V 1t036V,AV,=30V103.6V,V,;=30Vt0AVc, Ve=AVg =
0V, g=2MHzto25MHz, T,=-20°Cto 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

Condition A Condition B Test
Item Symbol Min Max Min Max Unit Conditions
DREQ setup time toros 30 — 25 — ns Figure 7.19
DREQ hold time toron 10 — 10 —
TEND delay time treo — 20 — 18 Figure 7.18
DACK delay time 1 toacos — 20 — 18 ns Figures 7.16
DACK delay time 2 toacos — 20 — 18 and 7.17
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A23 to AO

CS;1t0 CSy
AS \ /

RD -
(read) _\
D15 to Do

(read) >
HWR, LWR \ /

(write)

D15 to DO \
(write)

tbacp1 tbacp2

DACK,, DACK; q %

Figure7.16 DMAC Single Address Transfer Timing (2-State Access)
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A23 to AO

CS;t0 CSy

s
E:_eDad) _\

D15 to DO
(read) >
HWR, LWR \
(write)
D15 to DO \
(write)

tbacp1 tbacp2

— - — -
DACK,, DACK;

ﬂf;

Figure7.17 DMAC Single Address Transfer Timing (3-State Access)
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trep

— - -
- —
TENDg, TEND,

Figure7.18 DMAC TEND Output Timing

tbros | tDRQH

DREQ,, DREQ, \

Figure7.19 DMAC DREQ Input Timing
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(5) Timing of On-Chip Supporting Modules

Table7.9 Timing of On-Chip Supporting Modules

Condition A: Ve =27V 103.6V, AV =27V 1036V, Vg =27V t0AV¢, Vs = AV =

0V, @=2MHzto20 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

Condition B: V=30V 103.6V,AVc=3.0V 1036V, V,4=3.0V t0AVe, V= AV =

0V, g=2MHzto25MHz, T,=-20°Cto 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

Condition A

Condition B

Test
Item Symbol Min Max Min Max Unit Conditions
I/O ports  Output data delay time towp — 50 — 40 ns Figure 7.20
Input data setup time tors 30 — 25 —
Input data hold time tory 30 — 25 —
PPG Pulse output delay time trop — 50 — 40 ns Figure 7.21
TPU Timer output delay time troco 50 — 40 ns Figure 7.22
Timer input setup time trics 30 — 25 —
Timer clock input setup time trexs 30 — 25 — ns Figure 7.23
Timer clock  Single-edge trexwh 15 — 15 — teye
pulse width specification
Both-edge [~ 25 — 25 —
specification
8-bit timer  Timer output delay time trmob — 50 — 40 ns Figure 7.24
Timer reset input setup time trurs 30 — 25 — ns Figure 7.26
Timer clock input setup time trmes 30 — 25 — ns Figure 7.25
Timer clock  Single-edge trmewn 15 — 15 — teye
pulse width specification
Both-edge | — 25 — 25 —
specification
WDT Overflow output delay time twovp — 50 — 40 ns Figure 7.27
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Condition A Condition B Test

Item Symbol Min Max Min Max Unit Conditions
SClI Input clock Asynchronous g, 4 — 4 — teye Figure 7.28
cycle Synchronous 6 — 6 —
Input clock pulse width tsckw 0.4 0.6 0.4 0.6 tseye
Input clock rise time tsckr — 15 — 15 teye
Input clock fall time tseke — 15 — 15
Transmit data delay time tryo — 50 — 40 ns Figure 7.29
Receive data setup time trs 50 — 40 — ns
(synchronous)
Receive data hold time trxn 50 — 40 — ns
(synchronous)
A/D Trigger input setup time trres 30 — 30 — ns Figure 7.30
converter
. h L Tz
z 7/—\—/Z \
tprs | tPRH
Ports 1 to 6, I
Ato G >< ><
(read) -
thwp
Ports 1, 2, 3, —
5,6,At0G X
(write)

Figure7.20 1/O Port Input/Output Timing

trob

PO;5 to PO, ><

Figure7.21 PPG Output Timing

318
HITACHI




o I N VA WA

trocp
— -

Output compare

output*

Input capture
input*

trics

>

Note: * TIOCAO to TIOCAS5, TIOCBO to TIOCBS5, TIOCCO, TIOCC3, TIOCDO, TIOCD3

Figure7.22 TPU Input/Output Timing

treks treks

TCLKA to \ f
TCLKD £ {

e

trekwe trekwH

Figure7.23 TPU Clock Input Timing

trmop

TMO,, TMO;

Figure7.24 8-Bit Timer Output Timing
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trmes trmes

TMClp, TMCIl;  \

trmewt trMewH

Figure7.25 8-Bit Timer Clock Input Timing

2}
trvrs
TMRIg, TMRI;
Figure7.26 8-Bit Timer Reset Input Timing
2}
twovp twovp
1y
WDTOVF |
S

Figure7.27 WDT Output Timing

tsckw tsckr tscks
R E— |y
SCKq to SCK,
o
tseyc

Figure7.28 SCK Clock Input Timing
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SCKq to SCK, /m

trxp
TXDO to TXD2 >< ><
(transmit data) > <
trxs | | tRxH

(receve dat) X AL X X

Figure7.29 SCI Input/Output Timing (Synchronous M ode)

trrGs

Figure7.30 A/D Converter External Trigger Input Timing
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7.1.4 A/D Conversion Characteristics

Table7.10 A/D Conversion Characteristics

ConditionA: V=27V 1036V,AV, =27V 1036V,V4=27V10AV ., Vs=AVg=

0V,8=2MHzto 20 MHz, T,=-20°C to 75°C (regular specifications),

T, =-40°C to 85°C (wide-range specifications)

Condition B: V=30V 103.6V,AVc=30V 1036V, V=30V t0AV, Ves= AV =

0V,g=2MHzto25MHz, T,=-20°C to 75°C (regular specifications),

T, =-40°C to 85°C (wide-range specifications)

Condition A Condition B
Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 Bits
Conversion time 6.7 — — 10.6 — — HSs
Analog input — — 20 — — 20 pF
capacitance
Permissible signal — — 5 — — 5 kQ
source impedance
Nonlinearity error — — 55 — — +5.5 LSB
Offset error — — +55 — — +5.5 LSB
Full-scale error — — 5.5 — — 5.5 LSB
Quantization error — +0.5 — — +0.5 — LSB
Absolute accuracy — — +6.0 — — +6.0 LSB
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7.1.5 D/A Conversion Characteristics

Table7.11 D/A Conversion Characteristics

ConditionA: V=27V 1t03.6V,AV, =27V 1036V,V=27V10AV, Vs=AVg=
0V, g=2MHzto20 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

ConditionB: V,=3.0V1t036V,AV, =30V1t036V,V,4=30V1t0AV, Vss=AVg=
0V, @=2MHzto 25MHz, T,=-20°Cto 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

Condition A

Condition B

Test

Item Min Typ Max Min Typ Max Unit Conditions
Resolution 8 8 8 8 8 8 Bits
Conversion — — 10 — — 10 HSs 20 pF capacitive
time load
Absolute — +2.0 +3.0 — 2.0 +3.0 LSB 2 MQ resistive
accuracy load

— — +2.0 — — +2.0 LSB 4 MQ resistive

load
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7.2 Electrical Characteristicsof F-ZTAT Version (H852328)

721 Absolute Maximum Ratings

Table7.12 Absolute Maximum Ratings — Preliminary —
Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +4.3 \%

Input voltage (FWE) V., —0.3to0 V.. +0.3 \%

Input voltage (except port 4) V., —0.3to V. +0.3 \%

Input voltage (port 4) Vi -0.3to AV +0.3 \%
Reference power supply voltage Vo —0.3to AV, +0.3 \%
Analog power supply voltage AV -0.3t0 +4.3 \%
Analog input voltage Van —0.3t0 AV, +0.3 \Y
Operating temperature Topr Regular specifications: —20 to +75* °C

Wide-range specifications: —40 to +85* °C

Storage temperature T -55to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.

Note: * The operating temperature ranges for flash memory programming/erasing are as follows:
T,=0°C to +75°C (regular specifications), T, = 0°C to +85°C (wide-range specifications).
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7.2.2 DC Characteristics

Table7.13

Conditions:

DC Characteristics

— Preliminary —

Vc=30V1t036V,AV,=3.0V1t036V,V,s=30VI0AV, Vgg=AVg=
0V*! T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wide-
range specifications)

Test
Item Symbol  Min Typ Max Unit Conditions
Schmitt Port 1, port 2, Vo Ve x02 — — \
trigger input pg 1o pg, VA — — Ve x0.7 V
voltage
PA, to PA, Vi =V Ve, x007 — — Y,
Input high  RES, STBY, NMI, V, V%09 — Ve +03 V
voltage MD, to MD,,, FWE
EXTAL Vee 0.7 — Ve +03 V
Ports 3, 5, 2.2 — Ve +03 V
B to G, P6, to P6,,
PA, to PA,
Port 4 2.2 — AV . +03V
Input low RES, STBY, Vi -0.3 — Ve 0.1 V
voltage MD, to MD,, FWE
NMI, EXTAL, -0.3 — Ve x0.2 V
ports 3, to, 5,
B to G, P6, to P6,,
PA, to PA,
Output high  All output pins Vou Vee—05 — — \% loy = =200
HA
voltage Veem 1.0 — — Vo Iy =—1mA
Output low  All output pins Vo, — — 0.4 \% lo. = 1.6 MA
voltage
Input RES [ 1] — — 10.0 MA V,=05to
leakage V.—05V
current STBY, NMI, — — 1.0 7y
MD, to MD,, FWE
Port 4 — — 1.0 MA V,,=05t0
AV, —-0.5
Y,
Three-state Ports 1, 2,3,5,6 || — — 1.0 HA V,,=05t0
leakage Ports A to G V.—05V
current
(off state)
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Test

Item Symbol  Min Typ Max Unit Conditions
Input pull-up Ports Ato E =, 10 — 300 MA V. =30V
MOS current to 3.6V,
V,=0V
Input RES C.. — — 30 pF Vv,=0V
capacitance — — 30 pF  f=1MHz
All input pins — — 15 pF T,=25°C
except RES and
NMI
Current Normal operation  Io.** — TBD (3.0 V) TBD mA =20 MHz
dissipation*? — 55(3.3V) 100 mA f=25MHz
Sleep mode — TBD (3.0V) TBD mA f=20 MHz
— 44 (3.3V) 80 mA f=25MHz
Standby mode**® — 0.01 10 HA  T,<50°C
— — 80 MA  50°C<T,
Analog During A/D and Al — 0.2(3.0V) 20 mA
power D/A conversion
supply Idle — 0.01 5.0 LA
voltage
Reference  During A/D and Al — 14@3.0V) 30 mA
power D/A conversion
supply Idle — 0.01 5.0 LA
voltage
RAM standby voltage Viram 2.0 — — \Y

Notes: 1. If the A/D and D/A converters are not used, do not leave the AV, V., and AV
pins open. Connect the AV, and V, pins to V., and the AV pin to V.

2. Current dissipation values are for V, ;, = Voc — 0.5 Vand V, .., = 0.5 V with all output
pins unloaded and all MOS input pull-ups in the off state.

3. The values are for Vg, < Ve <3.0V,V,,min=V,x0.9, and V, max=0.3 V.
4. .. depends on V. and f as follows:

lcc max = 1.0 (mA) + 1.10 (mA/(MHz x V)) x V. x f (hormal operation)

lcc max = 1.0 (mA) + 0.88 (MA/(MHz x V)) x V. x f (sleep mode)
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Table7.14 Permissible Output Currents — Preliminary —

Conditions. Vc=3.0V1t036V,AV,=30V1t03.6V,V,,=30VtoAV, Vss=AV=0V,
T,=-20to +75°C (regular specifications), T, = —40 to +85°C (wide-range

specifications)
Item Symbol Min Typ Max Unit
Permissible output low All output pins lou — — 2.0 mA
current (per pin)
Permissible output low Total of all output S o — — 80 mA
current (total) pins
Permissible output All output pins —lon — — 2.0 mA
high current (per pin)
Permissible output Total of all output > —loy — — 40 mA
high current (total) pins

Note: To protect chip reliability, do not exceed the output current values in table 7.14.
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7.2.3 AC Characteristics
(1) Clock Timing
Table7.15 Clock Timing — Preliminary —

Condition A*: V=27V 1036 V,AV =27V 1036V,V,4=27VI0AV;, Ves=AVg =
0V, g=2MHzto 20 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

ConditionB: V,=3.0V1t03.6V,AV,=30V1t036V,V=30V1toAV,Vis=AVg=
0V,8=2MHzto25MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

* |n planning stage

Condition A Condition B Test
Item Symbol Min Max Min Max  Unit Conditions
Clock cycle time toye 50 500 40 500 ns Figure 7.2
Clock pulse high width ten 20 — 15 — ns Figure 7.2
Clock pulse low width te 20 — 15 — ns
Clock rise time ter — 5 — 5 ns
Clock fall time ter — 5 — 5 ns
Reset oscillation stabilization — tysc, 10 — 10 — ms Figure 7.3
time (crystal)
Software standby oscillation toscs 10 — 10 — ms
stabilization time (crystal)
External clock output toexr 500 — 500 — us Figure 7.3

stabilization delay time
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(2) Control Signal Timing

Table7.16 Control Signal Timing

— Preliminary —

Condition A*: V=27V 1036 V,AV, =27V 1036V,V =27V 10AV , Vss=AVg=
0V, @=2MHzto20 MHz, T,=-20°C to 75°C (regular specifications),

T, =-40°C to 85°C (wide-range specifications)

ConditionB: V=30V 1t036V,AV,=30V103.6V,V,;=30Vt0AVc, Ve=AVg =
0V, g=2MHzto25MHz, T,=-20°Cto 75°C (regular specifications),

T, =-40°C to 85°C (wide-range specifications)

* |n planning stage

Condition A Condition B Test
Item Symbol Min Max Min Max  Unit Conditions
RES setup time trees 200 — 200 — ns Figure 7.4
RES pulse width tresw 20 — 20 — tye
NMI setup time tawis 150 — 150 — ns Figure 7.5
NMI hold time tamn 10 — 10 —
NMI pulse width (in recovery  tyuw 200 — 200 —
from software standby mode)
IRQ setup time tiros 150 — 150 — ns
IRQ hold time tiron 10 — 10 —
IRQ pulse width (in recovery trow 200 — 200 —

from software standby mode)
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(3) BusTiming
Table7.17 BusTiming — Preliminary —

Condition A*: V=27V 1036V,AV, =27V 103.6V,V 4=27V1t0AV, Vss=AVg=
0V,g=2MHzto 20 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

ConditionB: V=30V 1t036V,AV,=30V103.6V,V, =30V t0AVc, Ve=AVg =
0V, g=2MHzto 25 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

* |n planning stage

Condition A Condition B
Item Symbol Min Max Min Max Unit Test Conditions
Address delay time tan — 20 — 20 ns Figures 7.6 to 7.13
Address setup time tas 0.5x — 0.5 x — ns
teye — 15 teye — 15
Address hold time tan 0.5 x — 0.5 x — ns
te,c — 10 tye— 8
Precharge time tocn 15x% — 1.5x% — ns
te,e— 20 teye— 15
CS delay time 1 tespr — 20 — 15 ns
CS delay time 2 tesoa — 20 — 15 ns
CS delay time 3 tesos — 25 — 20 ns
AS delay time taso — 20 — 15 ns
RD delay time 1 trsoi — 20 — 15 ns
RD delay time 2 trsoa — 20 — 15 ns
CAS delay time teaso — 20 — 15 ns
Read data setup time tros 15 — 15 — ns
Read data hold time tron 0 — 0 — ns
Read data access time 1t .., — 1.0x — 1.0 x ns
teye — 25 teye — 20
Read data access time 2 t,, — 1.5x — 1.5x ns
teye — 25 teye — 20
Read data access time 3ty — 2.0x — 2.0 % ns
teye — 25 teye — 20
Read data access time 4t .., — 25x% — 2.5x ns
teye — 25 teye — 20
Read data access time 5ty — 3.0x — 3.0 x ns
teye — 25 teye — 20
Read data access time 6 t,.q — 1.0x — 1.0 x ns
t 25 t 20

cyc cyc
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Condition A Condition B
Item Symbol Min Max Min Max Unit Test Conditions
WR delay time 1 twro1 — 20 — 15 ns Figures 7.6 to 7.13
WR delay time 2 twro2 — 20 — 15 ns
WR pulse width 1 tyswe 1.0 x — 1.0 x — ns
toye — 20 tye — 15
WR pulse width 2 tyswz 1.5 x — 1.5 x — ns
toye — 20 tye — 15
Write data delay time twop — 30 — 20 ns
Write data setup time twos 0.5x — 0.5 x — ns
te,c — 20 teye — 15
Write data hold time twon 0.5x — 0.5 x — ns
te,c — 10 tye—8
WR setup time twes 0.5 x — 0.5 x — ns
te,c — 10 teyc — 10
WR hold time twen 0.5 x — 0.5 x — ns
te,c — 10 teyc — 10
CAS setup time tesr 0.5x — 0.5 x — ns Figure 7.10
te,c — 10 tye—8
WAIT setup time twrs 30 — 25 — ns Figure 7.8
WAIT hold time tyra 5 — 5 — ns
BREQ setup time taros 30 — 30 — ns Figure 7.14
BACK delay time taaco — 15 — 15 ns
Bus floating time tazn — 50 — 40 ns
BREQO delay time taroop — 30 — 25 ns Figure 7.15
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(49) DMAC Timing
Table7.18 DMAC Timing — Preliminary —

Condition A*: V=27V 1036V,AV, =27V 103.6V,V 4=27V1t0AV, Vss=AVg=
0V,g=2MHzto 20 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

ConditionB: V=30V 1t036V,AV,=30V103.6V,V, =27V 1t0AVc, Ve=AVg =
0V, g=2MHzto 25 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

* |n planning stage

Condition A Condition B Test
Item Symbol Min Max Min Max  Unit Conditions
DREQ setup time toros 30 — 25 — ns Figure 7.19
DREQ hold time toron 10 — 10 —
TEND delay time tren — 20 — 18 Figure 7.18
DACK delay time 1 toacos — 20 — 18 ns Figures 7.16
DACK delay time 2 toacos — 20 — 18 and 7.17
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(5) Timing of On-Chip Supporting Modules

Table7.19 Timing of On-Chip Supporting Modules

— Preliminary —

Condition A*: Ve = 2.7V 103.6 V, AV =27V 103.6 V, Vg = 2.7 V 10 AV, Vs = AV =

0V, @=2MHzto20 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

Condition B: V=30V 103.6V,AVc=3.0V 1036V, V,4=3.0V t0AVe, V= AV =

0V, g=2MHzto25MHz, T,=-20°Cto 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

* |n planning stage

Condition A

Condition B

Test
Item Symbol Min Max Min Max Unit Conditions
1/0O ports Output data delay time town — 50 — 40 ns Figure 7.20
Input data setup time tors 30 — 25 —
Input data hold time tory 30 — 25 —
PPG Pulse output delay time trop — 50 — 40 ns Figure 7.21
TPU Timer output delay time troco — 50 — 40 ns Figure 7.22
Timer input setup time trics 30 — 25 —
Timer clock input setup time trexs 30 — 25 — ns Figure 7.23
Timer clock  Single-edge trekwh 15 — 15 — teye
pulse width specification
Both-edge trewwt 25 — 25 —
specification
8-bit timer  Timer output delay time trmop — 50 — 40 ns Figure 7.24
Timer reset input setup time trvrs 30 — 25 — ns Figure 7.26
Timer clock input setup time trmes 30 — 25 — ns Figure 7.25
Timer clock  Single-edge trmewn 15 — 15 — teye
pulse width specification
Both-edge trmewt 25 — 25 —
specification
WDT Overflow output delay time twovp — 50 — 40 ns Figure 7.27
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Condition A Condition B Test

Item Symbol Min Max Min Max Unit Conditions
SClI Input clock Asynchronous g, 4 — 4 — teye Figure 7.28
cycle Synchronous 6 — 6 —
Input clock pulse width tsckw 0.4 0.6 0.4 0.6 tseye
Input clock rise time tsckr — 15 — 15 teye
Input clock fall time tseke — 15 — 15
Transmit data delay time tryo — 50 — 40 ns Figure 7.29
Receive data setup time trs 50 — 40 — ns
(synchronous)
Receive data hold time trxH 50 — 40 — ns
(synchronous)
A/ID Trigger input setup time trres 30 — 30 — ns Figure 7.30
converter
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724 A/D Conversion Characteristics
Table7.20 A/D Conversion Characteristics — Preliminary —

Condition A*: V=27V 1036 V,AV =27V 1036V,V =27V 10AV, Vs=AVg =
0V, g=2MHzto20 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

ConditionB: V,=3.0V1t036V,AV, =30V1t036V,V,4=30V1t0AV, Vss=AVg=
0V, @=2MHzto 25MHz, T,=-20°Cto 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

* |n planning stage

Condition A Condition B
Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 Bits
Conversion time 6.7 — — 10.6 — — us
Analog input — — 20 — — 20 pF
capacitance
Permissible signal — — 5 — — 5 kQ
source impedance
Nonlinearity error — — +5.5 — — +5.5 LSB
Offset error — — +5.5 — — 5.5 LSB
Full-scale error — — +5.5 — — 5.5 LSB
Quantization error — +0.5 — — +0.5 — LSB
Absolute accuracy — — +6.0 — — +6.0 LSB
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7.2.5 D/A Conversion Characteristics

Table7.21 D/A Conversion Characteristics

— Préiminary —

Condition A*: V=27V 1036 V,AV, =27V 1036V,V=27V10AV ., Vs=AVg=
0V,8=2MHzto 20 MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

ConditionB: V,=3.0V1t036V,AV, =30V1t03.6V,V4=30V1t0AV,, Vss=AVg=
0V,g=2MHzto25MHz, T,=-20°C to 75°C (regular specifications),
T, =-40°C to 85°C (wide-range specifications)

* |n planning stage

Condition A

Condition B

Test
Item Min Typ Max Min Typ Max Unit Conditions
Resolution 8 8 8 8 8 8 Bits
Conversion — — 10 — — 10 us 20 pF capacitive
time load
Absolute — +2.0 +3.0 — +2.0 +3.0 LSB 2 MQ resistive
accuracy load
— — +2.0 — — +2.0 LSB 4 MQ resistive
load
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7.2.6 Flash Memory Char acteristics

Table7.22 Flash Memory Characteristics

— Preliminary —

Conditions. V=30V 1t03.6V,AV,=30V1t036V,V,;=3.0VI0AV, Vss=AVg=
0V, T,=0°Cto +75°C (program/erase operating temperature range: regular
specifications), T, = 0°C to +85°C (program/erase operating temperature range:

wide-range specifications)

Item Symbol  Min Typ Max  Unit zisr:ditions
Programming time*® *2 x4 ts — 10 200 ms/
128 bytes
Erase time*1 *3 *6 te — 50 1000 ms/block
Rewrite times Nwee — — 100  Times
Programming Wait time after SWE bit setting** X 1 — — us
Wait time after PSU bit setting** y 50 — — us
Wait time after P bit setting** *4 z — — 10 us Wait time for
additional
writing
— — 30 us 1<n<6
— — 200 us 7 <n<1000
Wait time after P bit clearing** a 5 — — us
Wait time after PSU bit clearing*? B 5 — — us
Wait time after PV bit setting** Y 4 — — us
Wait time after H'FF dummy write*? ¢ 2 — — us
Wait time after PV bit clearing*? n 2 — — us
Wait time after SWE bit clearing** 0 100 — — us
Maximum number of writes*? ** N — — 1000*5 Times
Erasing Wait time after SWE bit setting** X 1 — — us
Wait time after ESU bit setting** y 100 — — us
Wait time after E bit setting* *6 z — — 10 ms Wait time for
erase time
Wait time after E bit clearing** o 10 — — us
Wait time after ESU bit clearing*? B 10 — — us
Wait time after EV bit setting** Y 20 — — us
Wait time after H'FF dummy write*? ¢ 2 — — us
Wait time after EV bit clearing*? n 4 — — us
Wait time after SWE bit clearing** 0 100 — — us
Maximum number of erases** *6 N — — 100 Times
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Notes: 1.
2.

7.3

Follow the program/erase algorithms when making the time settings.

Programming time per 128 bytes. (Indicates the total time during which the P bit is set
in flash memory control register 1 (FLMCR1). Does not include the program-verify time.)

Time to erase one block. (Indicates the time during which the E bit is set in FLMCR1.
Does not include the erase-verify time.)

Maximum programming time
N
tp(max) = ,leait time after P bit setting (z)
=
The maximum number of writes (N) should be set as shown below according to the

actual set value of z so as not to exceed the maximum programming time (t,(max)).

The wait time after P bit setting (z) should be changed as follows according to the
number of writes (n).

Number of writes (n)

1<n<6 z=30pus

7<n<1000 z=200ps

1<n<6 z =10 ps: For additional writing
For the maximum erase time (t.(max)), the following relationship applies between the
wait time after E bit setting (z) and the maximum number of erases (N):

tz(max) = Wait time after E bit setting (z) x maximum number of erases (N)

Usage Note

Although both the F-ZTAT and mask ROM versions fully meet the electrical specifications listed
in this manual, there may be differencesin the actual values of the electrical characteristics,
operating margins, noise margins, and so forth, due to differences in the fabrication process, the
on-chip ROM, and the layout patterns.

If the F-ZTAT version is used to carry out system evaluation and testing, therefore, when
switching to the mask ROM version the same evaluation and testing procedures should also be
conducted on this version.
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Section 8 Registers

8.1 List of Registers (Address Order)

Data

Register Module Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'F800 MRA SM1 SMO DM1 DMO MD1 MDO DTS Sz DTC 16/32*
to SAR bits
H'FBFF

MRB CHNE DISEL CHNS — — — — —

DAR

CRA

CRB
H'FE80 TCR3 CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPU3 16 bits
H'FE81 TMDR3 — — BFB BFA MD3 MD2 MD1 MDO

H'FE82 TIOR3H I0B3 10B2 10B1 10BO I0A3 I0A2 I0A1 I0A0
H'FE83 TIOR3L 10D3 10D2 10D1 10D0 10C3 10C2 10C1 10COo
H'FE84 TIER3 TTGE — —_ TCIEV TGIED TGIEC TGIEB TGIEA
H'FE85 TSR3 — — — TCFV TGFD TGFC TGFB TGFA
H'FE86 TCNT3
H'FE87

H'FE88 TGR3A
H'FE89

H'FESA TGR3B
H'FE8B

H'FESC TGR3C
H'FE8SD

H'FESE TGR3D
H'FESF

Note: * Located in on-chip RAM. The bus width is 32 bits when the DTC accesses this area as
register information, and 16 bits otherwise.
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Data

HITACHI

Register Module Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FE90 TCR4 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl1 TPSCO TPU4 16 bits
H'FE91 TMDR4 — — — — MD3 MD2 MD 1 MDO
H'FE92 TIOR4 10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 I0A0
H'FE94 TIER4 TTGE — TCIEU TCIEV — — TGIEB TGIEA
H'FE95 TSR4 TCFD — TCFU TCRV — — TGFB TGFA
H'FE96 TCNT4
H'FE97
H'FE98 TGR4A
H'FE99
H'FE9A TGR4B
H'FE9B
H'FEAO TCR5 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl1 TPSCO TPUS 16 bits
H'FEA1 TMDR5 — — — — MD3 MD2 MD1 MDO
H'FEA2 TIOR5 10B3 10B2 10B1 10BO I0A3 10A2 I10A1 10A0
H'FEA4 TIERS TTGE — TCIEU TCIEV — — TGIEB TGIEA
H'FEA5 TSR5 TCFD — TCFU TCFV — — TGFB TGFA
H'FEA6 TCNT5
H'FEA7
H'FEA8 TGR5A
H'FEA9
H'FEAA TGR5B
H'FEAB
H'FEBO P1DDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P10DDR Ports 8 bits
H'FEB1 P2DDR P27DDR P26DDR P25DDR P24DDR P23DDR P22DDR P21DDR P20DDR
H'FEB2 P3DDR — — P35DDR P34DDR P33DDR P32DDR P31DDR P30DDR
H'FEB4 P5DDR  — — — — P53DDR P52DDR P51DDR P50DDR
H'FEB5 P6DDR P67DDR P66DDR P65DDR P64DDR P63DDR P62DDR P61DDR P60DDR
H'FEB9 PADDR PA7DDR PA6DDR PA5DDR PA4DDR PA3DDR PA2DDR PA1DDR PAODDR
H'FEBA PBDDR PB7DDR PB6DDR PB5DDR PB4DDR PB3DDR PB2DDR PB1DDR PBODDR
H'FEBB PCDDR PC7DDR PC6DDR PC5DDR PC4DDR PC3DDR PC2DDR PC1DDR PCODDR
H'FEBC PDDDR PD7DDR PD6DDR PD5DDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR
H'FEBD PEDDR PE7DDR PE6DDR PE5DDR PE4DDR PE3DDR PE2DDR PE1DDR PEODDR
H'FEBE PFDDR PF7DDR PF6DDR PF5DDR PF4DDR PF3DDR PF2DDR PF1DDR PFODDR
H'FEBF PGDDR — — — PG4DDR PG3DDR PG2DDR PG1DDR PGODDR
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Data

Register Module Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
HFEC4 IPRA — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO Interrupt 8 bits
H'FEC5 IPRB — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO controller
HFEC6 IPRC — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
H'FEC7 IPRD — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
HFEC8 IPRE — IPR6 IPR5 IPR4  — IPR2 IPR1 IPRO
HFEC9 IPRF — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
HFECA IPRG — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
H'FECB IPRH — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
H'FECC IPRI — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
H'FECD IPRJ — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
HFECE IPRK — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
HFEDO ABWCR ABW7 ABW6 ABW5 ABW4 ABW3 ABW2 ABW1 ABWO  Bus 8 bits
HFED1 ASTCR AST7 AST6 AST5  AST4  AST3  AST2  AST1  ASTO controller
HFED2 WCRH W71 W70 we1 W60 W51 W50 w41 W40
HFED3 WCRL W31 w30 w21 w20 wi1 w10 wo1 W00
H'FED4 BCRH ICIS1  ICISO  BRSTRM BRSTS1 BRSTSO RMTS2 RMTS1 RMSTO
HFED5 BCRL BRLE  BREQOE EAE — DDS — WDBE WAITE
HFED6 MCR TPC BE RCDM — MXC1 MXCO RLW1  RLWO
HFED7 DRAMCR RFSHE RCW  RMODE CMF CMIE CKS2 CKS1  CKSO
H'FED8 RTCNT
HFED9 RTCOR
HFEDB RAMER* — — — — RAMS RAM2 RAM1  RAMO
Note: * Valid only in F-ZTAT version.
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Name Bit 7 Bit 6 Bit 5

Bit 4 Bit 3

Bit 2

Bit 1

Module

Bit 0 Name

Data
Bus
Width

H'FEEO

H'FEE1

MAROAH — — —

— DMAC

H'FEE2

H'FEE3

MAROAL

H'FEE4

H'FEES

IOAROA

H'FEEG6

H'FEE7

ETCROA

H'FEES8

H'FEE9

MAROBH — — —

H'FEEA

H'FEEB

MAROBL

H'FEEC

H'FEED

IOAROB

H'FEEE

H'FEEF

ETCROB

H'FEFO

H'FEF1

MAR1AH — — —

HFEF2

H'FEF3

MAR1AL

H'FEF4

H'FEF5

I0AR1A

H'FEF6

H'FEF7

ETCR1A

H'FEF8

H'FEF9

MAR1BH — — —

H'FEFA

H'FEFB

MAR1BL

H'FEFC

H'FEFD

I0AR1B

H'FEFE

HFEFF

ETCR1B

H'FFO0

DMAWER — — —

— WE1B

WEI1A

WEOB

WEOA

H'FFO1

DMATCR — — TEE1

TEEO —_

16 bits

8 hits
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FF02 DMACROA DTSZ  DTID RPE DTDIR DTF3 DTF2 DTF1  DTFO Short 16 bits

address
mode
DTSZ  SAID SAIDE BLKDIR BLKE  — — — Full address
mode
H'FFO3 DMACROB DTSZ  DTID RPE DTDIR DTF3 DTF2 DTF1  DTFO Short address
mode
— DAID DAIDE — DTF3 DTF2 DTF1  DTFO Full address
mode
H'FF04 DMACR1A DTSZ  DTID RPE DTDIR DTF3 DTF2 DTF1  DTFO Short address
mode
DTSZ  SAID SAIDE  BLKDIR BLKE  — — — Full address
mode
HFFO5 DMACRI1B DTSZ  DTID RPE DTDIR DTF3 DTF2 DTF1  DTFO Short address
mode
— DAID DAIDE — DTF3 DTF2  DTF1L  DTFO Full address
mode
HFFO6 DMABCRHFAE1  FAE0O SAE1  SAE0 DTAIB DTA1A DTAOB DTAOA  Short address
mode
FAE1 FAEO — — DTAL — — Full address
mode
H'FFO7 DMABCRL DTE1B DTE1A DTEOB DTEOA DTIEIB DTIEIA DTIEOB DTIEOA Short address
mode
DTME1 DTE1 DTMEO DTEO DTIEIB DTIEIA DTIEOB DTIEOA Full address
mode
H'FF2C ISCRH IRQ7SCB IRQ7SCA IRQ6SCB IRQ6SCA IRQ5SCB IRQ5SCA IRQ4SCB IRQ4SCA Interrupt 8 bits
H'FF2D ISCRL IRQ3SCB IRQ3SCA IRQ2SCB IRQ2SCA IRQ1SCB IRQLSCA IRQOSCB IRQOSCA controller
HFF2E IER IRQ7E  IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQIE  IRQOE
HFF2F ISR IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQIF  IRQOF
H'FF30 DTCER DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1 DTCEO DTC 8 bits
to
H'FF35
HFF37 DTVECR SWDTE DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVEC1 DTVECO
HFF38 SBYCR SSBY STS2  STS1  STSO  OPE — — IRQ37S  Power-down 8 bits
mode
HFF39 SYSCR — — INTM1 INTMO NMIEG LWROD IRQPAS RAME  MCU 8 bits
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FF3A SCKCR PSTOP — DIV — — SCK2 ~ SCK1  SCKO  Clock pulse 8 bits

generator
HFF3B MDCR  — — — — — MDS2 MDS1 MDSO  MCU 8 bits
H'FF3C MSTPCRH MSTP15 MSTP14 MSTP13 MSTP12 MSTP1l MSTP10 MSTP9 MSTP8 Power-down 8 bits
HFF3D MSTPCRL MSTP7 MSTP6 MSTP5 MSTP4 MSTP3 MSTP2 MSTP1 MSTPo Mode
H'FF42 SYSCR2*? — — — — FLSHE — — — MCU 8 bits
HFF44 Reserved — — — — — — — — Reserved —
HFF45 PFCR1  — — — — A23E  A22E  A21E  A20E Port 8 bits
H'FF46 PCR G3CMS1 G3CMS0 G2CMS1 G2CMS0 G1CMS1 GICMSO0 GOCMS1 GOCMSO PPG 8 bits
H'FF47 PMR G3INV  G2INV  GlINV  GOINV ~ G3NOV G2NOV GINOV GONOV
H'FF48 NDERH NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS
H'FF49 NDERL NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO
H'FF4A PODRH POD15 POD14 POD13 POD12 POD11 POD10 POD9  PODS
HFF4B PODRL POD7 POD6 POD5 POD4 POD3 POD2 POD1  PODO
H'FF4C**NDRH NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9  NDRS8
H'FF4D**NDRL NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1  NDRO
H'FF4E*NDRH — — — — NDR11 NDR10 NDR9  NDRS8
H'FF4F** NDRL — — — — NDR3 NDR2 NDR1  NDRO
H'FF50 PORT1 P17 P16 P15 P14 P13 P12 P11 P10 Ports 8 bits
HFF51 PORT2 P27 P26 P25 P24 P23 P22 P21 P20
HFF52 PORT3  — — P35 P34 P33 P32 P31 P30
H'FF53 PORT4 P47 P46 P45 P44 P43 P42 P41 P40
H'FF54 PORTS  — — — — P53 P52 P51 P50
H'FF55 PORT6 P67 P66 P65 P64 P63 P62 P61 P60
H'FF59 PORTA  PA7 PAG PA5 PA4 PA3 PA2 PA1 PAO
H'FF5A PORTB  PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
H'FF5B PORTC  PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
HFF5C PORTD  PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
H'FF5D PORTE  PE7 PE6 PES5 PE4 PE3 PE2 PE1 PEO
H'FF5E PORTF  PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
HFF5F PORTG — — — PG4 PG3 PG2 PG1 PGO
Notes: 1. If the pulse output group 2 and pulse output group 3 output triggers are the same
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according to the PCR setting, the NDRH address will be H'FF4C, and if different, the
address of NDRH for group 2 will be H'FF4E, and that for group 3 will be H'FF4C.
Similarly, if the pulse output group 0 and pulse output group 1 output triggers are the
same according to the PCR setting, the NDRL address will be H'FF4D, and if different,
the address of NDRL for group 0 will be H'FF4F, and that for group 1 will be H'FF4D.

2. Valid only in F-ZTAT version
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
HFF60 P1DR P17DR P16DR P15DR P14DR P13DR P12DR P11DR P10DR Ports 8 hits
HFF61 P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR  P20DR
H'FF62 P3DR — — P35DR P34DR P33DR P32DR P31DR P30DR
HFF64 P5DR — — — — P53DR P52DR P51DR  P50DR
HFF65 P6DR P67DR P66DR P65DR P64DR P63DR P62DR P61DR  P60DR
HFF69 PADR PA7TDR PABDR PASDR PA4DR PA3DR PA2DR PAIDR PAODR
H'FF6A PBDR PB7DR PB6DR PBS5DR PB4DR PB3DR PB2DR PBIDR PBODR
HFF6B PCDR PC7DR PC6DR PC5DR PC4DR PC3DR PC2DR PCIDR PCODR
H'FF6C PDDR PD7DR PD6DR PD5DR PD4DR PD3DR PD2DR PDIDR PDODR
HFF6D PEDR PE7TDR PE6DR PESDR PE4DR PE3DR PE2DR PEIDR PEODR
HFF6E PFDR PF7DR PF6DR PF5DR PF4DR PF3DR PF2DR PFIDR PFODR
HFF6F PGDR — — — PG4ADR PG3DR PG2DR PGIDR PGODR
HFF70 PAPCR  PA7PCR PA6PCR PASPCR PA4PCR PA3PCR PA2PCR PAIPCR PAOPCR
HFF71 PBPCR PB7PCR PB6PCR PB5SPCR PB4PCR PB3PCR PB2PCR PB1PCR PBOPCR
HFF72 PCPCR PC7PCR PC6PCR PC5PCR PC4PCR PC3PCR PC2PCR PCIPCR PCOPCR
HFF73 PDPCR PD7PCR PD6PCR PD5PCR PD4PCR PD3PCR PD2PCR PDIPCR PDOPCR
HFF74 PEPCR PE7PCR PE6PCR PESPCR PE4PCR PE3PCR PE2PCR PE1PCR PEOPCR
HFF76 P30DR — — P350DR P340DR P330DR P320DR P310DR P300DR
HFF77 PAODR PA7ODR PA60ODR PASODR PA40DR PA30DR PA20DR PA1ODR PAOODR
HFF78 SMRO CIAI CHR/  PE OfE STOP/  MP/ CKS1  CKSO  ScClo, 8 bits

GM*3 BLK** BCP1*®* BCPO0*® smart card
HFF79 BRRO interface 0
HFF7A SCRO TIE RIE TE RE MPIE  TEIE CKE1  CKEO
HFF7B TDRO
HFF7C SSRO TDRE RDRF ORER FER/ PER TEND  MPB MPBT

ERS*’

HFF7D RDRO
HFF7E SCMRO — — — — SDIR SINV — SMIF
Notes: 3. Functions as C/A for SCI use, and as GM for smart card interface use.

4. Functions as CHR for SCI use, and as BLK for smart card interface use.

5. Functions as STOP for SCI use, and as BCP1 for smart card interface use.

6. Functions as MP for SCI use, and as BCPO for smart card interface use.

7. Functions as FER for SCI use, and as ERS for smart card interface use.
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HFF80 SMR1 CIA/ CHR/  PE O/E STOP/  MP/ CKS1  CKSO  scCl, 8 bits

GM*3 BLK** BCP1*> BCPO*® smart card
HEF81 BRR1 interface 1
HFF82 SCR1 TIE RIE TE RE MPIE  TEIE CKE1  CKEO
HFF83 TDR1
HFF84 SSR1 TDRE RDRF ORER  FER/ PER TEND  MPB MPBT

ERS*’

HFF85 RDR1
HFF86 SCMR1 — — — — SDIR SINV. - — SMIF
H'FF88 SMR2 CIAI CHR/  PE O/E STOP/  MP/ CKS1  CKSO  SCI2, 8 hits

GM*3 BLK** BCP1*° BCPO*® smart card
HFF89 BRR2 interface 2
HFF8A SCR2 TIE RIE TE RE MPIE  TEIE CKE1  CKEO
HFF8B TDR2
HFF8C SSR2 TDRE RDRF ORER FER/ PER TEND MPB MPBT

ERS*’

H'FF8D RDR2
HFF8E SCMR2 — — — — SDIR SINV — SMIF
H'FF90 ADDRAH AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2 A/D 8 hits
HFF91 ADDRAL AD1 ADO — — — — — — converter
HFF92 ADDRBH AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
HFF93 ADDRBL AD1 ADO — — — — — —
H'FF94 ADDRCH AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
H'FF95 ADDRCL AD1 ADO — — — — — —
H'FF96 ADDRDH AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
H'FF97 ADDRDL AD1 ADO — — — — — —
HFF98 ADCSR  ADF ADIE ADST  SCAN  CKS CH2 CH1 CHO
HFF99 ADCR TRGS1 TRGSO — CKS1  CH3 — — —
H'FFA4 DADRO D/IA 8 hits
H'FFA5 DADR1
HFFA6 DACRO1 DAOE1 DAOEO DAE — — — — —
Notes: 3. Functions as C/A for SCI use, and as GM for smart card interface use.

4. Functions as CHR for SCI use, and as BLK for smart card interface use.

5. Functions as STOP for SCI use, and as BCP1 for smart card interface use.

6. Functions as MP for SCI use, and as BCPO for smart card interface use.

7. Functions as FER for SCI use, and as ERS for smart card interface use.
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Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module
Name

Data
Bus
Width

HFFAC

PFCR2

WAITPS

BREQOPS

CS167E

CS25E

ASOD

Ports

8 bits

H'FFBO

TCRO

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKs1

CKSO0

H'FFB1

TCR1

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKS1

CKSO0

H'FFB2

TCSRO

CMFB

CMFA

OVF

ADTE

0Ss3

0Ss2

os1

0S0

H'FFB3

TCSR1

CMFB

CMFA

OVF

0OS3

0S2

OSs1

0S0

H'FFB4

TCORAO

HFFB5

TCORA1

H'FFB6

TCORBO

HFFB7

TCORB1

H'FFB8

TCNTO

H'FFBY

TCNT1

8-bit timer
channel 0, 1

16 bits

H'FFBC
(read)

TCSR

OVF

WT/T

TME

CKS2

CKS1

CKS0

H'FFBD
(read)

TCNT

H'FFBF
(read)

RSTCSR

WOVF

RSTE

WDT

16 bits

H'FFCO

TSTR

CST5

CST4

CST3

CST2

CST1

CSTO

HFFC1

TSYR

SYNC5

SYNC4

SYNC3

SYNC2

SYNC1

SYNCO

TPU

16 bits

H'FFC8

FLMCR1**

FWE

SWE

ESU

PSU

EV

PV

E

P

HFFC9

FLMCR2**

FLER

H'FFCA

EBR1**

EB7

EB6

EB5

EB4

EB3

EB2

EB1

EBO

H'FFCB

EBR2*!

EB13*2

EB12*2

EB11

EB10

EB9

EBS8

Flash
Memory

8 bits

H'FFDO

TCRO

CCLR2

CCLR1

CCLRO

CKEG1

CKEGO

TPSC2

TPSC1

TPSCO

H'FFD1

TMDRO

BFB

BFA

MD3

MD2

MD1

MDO

H'FFD2

TIOROH

10B3

10B2

10B1

10B0O

I0A3

I0A2

I0A1

I0A0

HFFD3

TIOROL

10D3

10D2

10D1

10D0

10C3

10C2

10C1

10C0

H'FFD4

TIERO

TTGE

TCIEV

TGIED

TGIEC

TGIEB

TGIEA

H'FFD5

TSRO

TCFV

TGFD

TGFC

TGFB

TGFA

H'FFD6

H'FFD7

TCNTO

H'FFD8

H'FFD9

TGROA

H'FFDA

H'FFDB

TGROB

HFFDC

H'FFDD

TGROC

H'FFDE

H'FFDF

TGROD

TPUO

16 bits

Notes:

1. Valid only in F-ZTAT version.

2. Valid only in the H8S/2329 version.

HITACHI
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FFEO TCR1 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl1 TPSCO TPU1L 16 bits
H'FFE1 TMDR1 — — — — MD3 MD2 MD1 MDO
H'FFE2 TIOR1 10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 I0A0
H'FFE4 TIER1 TTGE — TCIEU TCIEV — — TGIEB TGIEA
H'FFE5 TSR1 TCFD — TCFU TCRV — — TGFB TGFA
H'FFE6 TCNT1
H'FFE7
H'FFE8 TGR1A
H'FFE9
H'FFEA TGRI1B
H'FFEB
H'FFFO TCR2 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl1 TPSCO TPU2 16 bits
H'FFF1 TMDR2 — — — — MD3 MD2 MD1 MDO
H'FFF2 TIOR2 10B3 10B2 10B1 10BO I0A3 10A2 I0A1 10A0
H'FFF4 TIER2 TTGE — TCIEU TCIEV — — TGIEB TGIEA
H'FFF5 TSR2 TCFD — TCFU TCFV — — TGFB TGFA
H'FFF6 TCNT2
H'FFF7
H'FFF8 TGR2A
H'FFF9
H'FFFA TGR2B
H'FFFB
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8.2 List of Registers (By Module)

Module Register Abbreviation R/W Initial Value Address**

Interrupt System control register SYSCR R/W H'01 H'FF39

controller |rq sense control register H ISCRH RW  HOO0 HFF2C
IRQ sense control register L ISCRL R/W H'00 H'FF2D
IRQ enable register IER R/W H'00 H'FF2E
IRQ status register ISR R/(W)*?* H'00 H'FF2F
Interrupt priority register A IPRA R/W H'77 H'FEC4
Interrupt priority register B IPRB R/W H'77 H'FEC5
Interrupt priority register C IPRC R/W H'77 H'FEC6
Interrupt priority register D IPRD R/W H'77 H'FEC7
Interrupt priority register E IPRE R/W H'77 H'FEC8
Interrupt priority register F IPRF R/W H'77 H'FEC9
Interrupt priority register G IPRG R/W H'77 H'FECA
Interrupt priority register H IPRH R/W H'77 H'FECB
Interrupt priority register | IPRI R/W H'77 H'FECC
Interrupt priority register J IPRJ R/W H'77 H'FECD
Interrupt priority register K IPRK R/W H'77 H'FECE

Bus Bus width control register ABWCR R/W H'FF/H'00*® HFEDO

controller  access state control register ASTCR RIW H'FF H'FED1
Wait control register H WCRH R/W H'FF H'FED2
Wait control register L WCRL R/W H'FF H'FED3
Bus control register H BCRH R/W H'DO H'FED4
Bus control register L BCRL R/W H'3C H'FED5
Memory control register MCR R/W H'00 H'FED6
DRAM control register DRAMCR R/W H'00 H'FED7
Refresh timer counter RTCNT R/W H'00 H'FEDS8
Refresh time constant register RTCOR R/W H'FF H'FED9
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DTC DTC mode register A MRA —*3 Undefined = —**
DTC mode register B MRB —x3 Undefined — —**
DTC source address register SAR —*3 Undefined — —**
DTC destination address register ~ DAR —*3 Undefined = —**
DTC transfer count register A CRA —x3 Undefined —*4
DTC transfer count register B CRB —*3 Undefined = —**
DTC enable register DTCER R/W H'00 H'FF30 to

H'FF35
DTC vector register DTVECR R/W H'00 H'FF37
Module stop control register MSTPCR R/W H'3FFF H'FF3C

DMAC Memory address register OA MAROA R/W Undefined H'FEEO
I/O address register 0A IOAROA R/W Undefined H'FEE4
Transfer count register OA ETCROA R/W Undefined H'FEE6
Memory address register OB MAROB R/W Undefined H'FEES
I/O address register OB IOAROB R/W Undefined H'FEEC
Transfer count register 0B ETCROB R/W Undefined H'FEEE
Memory address register 1A MAR1A R/W Undefined H'FEFO
I/O address register 1A I0OAR1A R/W Undefined H'FEF4
Transfer count register 1A ETCR1A R/W Undefined H'FEF6
Memory address register 1B MAR1B R/W Undefined H'FEF8
I/O address register 1B I0OAR1B R/W Undefined H'FEFC
Transfer count register 1B ETCR1B R/W Undefined H'FEFE
DMA write enable register DMAWER R/W H'00 H'FFO0
DMA terminal control register DMATCR R/W H'00 H'FF01
DMA control register 0A DMACROA R/W H'00 H'FF02
DMA control register 0B DMACROB R/W H'00 H'FF03
DMA control register 1A DMACR1A R/W H'00 H'FF04
DMA control register 1B DMACR1B R/W H'00 H'FF05
DMA band control register DMABCR R/W H'0000 H'FF06
Module stop control register MSTPCR R/W H'3FFF H'FF3C
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TPUO Timer control register 0 TCRO R/W H'00 H'FFDO
Timer mode register 0 TMDRO R/W H'CO H'FFD1
Timer 1/O control register OH TIOROH R/W H'00 H'FFD2
Timer 1/O control register OL TIOROL R/W H'00 H'FFD3
Timer interrupt enable register 0 TIERO R/W H'40 H'FFD4
Timer status register 0 TSRO R/(W)*? H'CO H'FFD5
Timer counter O TCNTO R/W H'0000 H'FFD6
Timer general register 0A TGROA R/W H'FFFF H'FFD8
Timer general register 0B TGROB R/W H'FFFF H'FFDA
Timer general register 0C TGROC R/W H'FFFF H'FFDC
Timer general register 0D TGROD R/W H'FFFF H'FFDE
TPU1 Timer control register 1 TCR1 R/W H'00 H'FFEO
Timer mode register 1 TMDR1 R/W H'CO H'FFE1
Timer I/O control register 1 TIOR1 R/W H'00 H'FFE2
Timer interrupt enable register 1 TIER1 R/W H'40 H'FFE4
Timer status register 1 TSR1 R/(W)*?* H'CO H'FFE5
Timer counter 1 TCNT1 R/W H'0000 H'FFE6
Timer general register 1A TGR1A R/W H'FFFF H'FFE8
Timer general register 1B TGR1B R/W H'FFFF H'FFEA
TPU2 Timer control register 2 TCR2 R/W H'00 H'FFFO
Timer mode register 2 TMDR2 R/W H'CO H'FFF1
Timer 1/O control register 2 TIOR2 R/W H'00 H'FFF2
Timer interrupt enable register 2 TIER2 R/W H'40 H'FFF4
Timer status register 2 TSR2 R/(W)*? H'CO H'FFF5
Timer counter 2 TCNT2 R/W H'0000 H'FFF6
Timer general register 2A TGR2A R/W H'FFFF H'FFF8
Timer general register 2B TGR2B R/W H'FFFF H'FFFA
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TPU3 Timer control register 3 TCR3 R/W H'00 H'FE80
Timer mode register 3 TMDR3 R/W H'CO H'FE81
Timer 1/O control register 3H TIOR3H R/W H'00 H'FE82
Timer 1/O control register 3L TIOR3L R/W H'00 H'FE83
Timer interrupt enable register 3 TIER3 R/W H'40 H'FE84
Timer status register 3 TSR3 R/(W)*? H'CO H'FE85
Timer counter 3 TCNT3 R/W H'0000 H'FE86
Timer general register 3A TGR3A R/W H'FFFF H'FE88
Timer general register 3B TGR3B R/W H'FFFF H'FE8A
Timer general register 3C TGR3C R/W H'FFFF H'FE8C
Timer general register 3D TGR3D R/W H'FFFF H'FESE
TPU4 Timer control register 4 TCR4 R/W H'00 H'FE9O
Timer mode register 4 TMDRA4 R/W H'CO H'FE91
Timer I/O control register 4 TIOR4 R/W H'00 H'FE92
Timer interrupt enable register 4 TIER4 R/W H'40 H'FE94
Timer status register 4 TSR4 R/(W)*?* H'CO H'FE95
Timer counter 4 TCNT4 R/W H'0000 H'FE96
Timer general register 4A TGR4A R/W H'FFFF H'FE98
Timer general register 4B TGR4B R/W H'FFFF H'FE9A
TPUS Timer control register 5 TCR5 R/W H'00 H'FEAO
Timer mode register 5 TMDR5 R/W H'CO H'FEA1
Timer 1/O control register 5 TIORS5 R/W H'00 H'FEA2
Timer interrupt enable register 5 TIER5S R/W H'40 H'FEA4
Timer status register 5 TSR5 R/(W)*? H'CO H'FEAS
Timer counter 5 TCNT5 R/W H'0000 H'FEA6
Timer general register 5A TGR5A R/W H'FFFF H'FEAS8
Timer general register 5B TGR5B R/W H'FFFF H'FEAA
ALL TPU  Timer start register TSTR R/W H'00 H'FFCO
channels  imer syncro register TSYR RW  HO00 H'FFC1
Module stop control register MSTPCR R/W H'3FFF H'FF3C
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Module Register Abbreviation R/W Initial Value Address**

PPG PPG output control register PCR R/W H'FF H'FF46
PPG output mode register PMR R/W H'FO H'FF47
Next data enable register H NDERH R/W H'00 H'FF48
Next data enable register L NDERL R/W H'00 H'FF49
Output data register H PODRH R/(W)*® H'00 H'FF4A
Output data register L PODRL R/(W)*® H'00 H'FF4B
Next data register H NDRH R/W H'00 H'FF4C*”’
H'FF4E
Next data register L NDRL R/W H'00 H'FF4D*”’
H'FF4F
Port 1 data direction register P1DDR W H'00 H'FEBO
Port 2 data direction register P2DDR w H'00 H'FEB1
Module stop control register MSTPCR R/W H'3FFF H'FF3C
8-bit Timer control register O TCRO R/W H'00 H'FFBO
timer 0 Timer control/status register 0 TCSRO R/(W)*® H'00 H'FFB2
Timer constant register AO TCORAO R/W H'FF H'FFB4
Timer constant register BO TCORBO R/W H'FF H'FFB6
Timer counter O TCNTO R/W H'00 H'FFB8
8-bit Timer control register 1 TCR1 R/W H'00 H'FFB1
timer 1 Timer control/status register 1 TCSR1 R/(W)*® H'10 H'FFB3
Timer constant register Al TCORAL R/W H'FF H'FFB5
Timer constant register B1 TCORB1 R/W H'FF H'FFB7
Timer counter 1 TCNT1 R/W H'00 H'FFB9
Both 8-bit Module stop control register MSTPCR R/W H'3FFF H'FF3C
timer
channels
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Module Register Abbreviation R/W Initial Value Address**

WDT Timer control/status register TCSR R/(W)**° H'18 H'FFBC:
Write*®
H'FFBC:
Read
Timer counter TCNT R/W H'00 H'FFBC:
Write*®
H'FFBD:
Read
Reset control/status register RSTCSR R/(W)** H'1F H'FFBE:
Write*®
H'FFBF:
Read
SCI0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register 0 BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register 0 TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/(W)*?* H'84 H'FF7C
Receive data register 0 RDRO R H'00 H'FF7D
Smart card mode register O SCMRO R/W H'F2 H'FF7E
SCI1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/(W)*?* H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode register 1 SCMR1 R/W H'F2 H'FF86
SCI2 Serial mode register 2 SMR2 R/W H'00 H'FF88
Bit rate register 2 BRR2 R/W H'FF H'FF89
Serial control register 2 SCR2 R/W H'00 H'FF8A
Transmit data register 2 TDR2 R/W H'FF H'FF8B
Serial status register 2 SSR2 R/(W)*? H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode register 2 SCMR2 R/W H'F2 H'FF8E
All SCI Module stop control register MSTPCR R/W H'3FFF H'FF3C
channels
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Module Register Abbreviation R/W Initial Value Address**

SMCIO0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register O BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register O TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/(W)*? H'84 H'FF7C
Receive data register 0 RDRO R H'00 H'FF7D
Smart card mode register SCMRO R/W H'F2 H'FF7E

SMCI1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/(W)*?* H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode register 1 SCMR1 R/W H'F2 H'FF86

SMCI2 Serial mode register 2 SMR2 R/W H'00 H'FF88
Bit rate register 2 BRR2 R/W H'FF H'FF89
Serial control register 2 SCR2 R/W H'00 H'FF8A
Transmit data register 2 TDR2 R/W H'FF H'FF8B
Serial status register 2 SSR2 R/(W)*?* H'84 H'FF8C
Receive data register 2 RDR2 R H'00 H'FF8D
Smart card mode register 2 SCMR2 R/W H'00 H'FF8E

All SCI Module stop control register MSTPCR R/W H'3FFF H'FF3C

channels

ADC A/D data register AH ADDRAH R H'00 H'FF90
A/D data register AL ADDRAL R H'00 H'FF91
A/D data register BH ADDRBH R H'00 H'FF92
A/D data register BL ADDRBL R H'00 H'FF93
A/D data register CH ADDRCH R H'00 H'FF94
A/D data register CL ADDRCL R H'00 H'FF95
A/D data register DH ADDRDH R H'00 H'FF96
A/D data register DL ADDRDL R H'00 H'FF97
A/D control/status register ADCSR R/(W)** H'00 H'FF98
A/D control register ADCR R/W H'3F H'FF99
Module stop control register MSTPCR R/W H'3FFF H'FF3C
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Module Register Abbreviation R/W Initial Value Address**

DAC D/A data register 0 DADRO R/W H'00 H'FFA4
D/A data register 1 DADR1 R/W H'00 H'FFA5
D/A control register 01 DACRO1 R/W H'1F H'FFA6
Module stop control register MSTPCR R/W H'3FFF H'FF3C
On-chip RAMSystem control register SYSCR R/W H'01 H'FF39
Flash Flash memory control register 1 FLMCR1**™ R/W**? H'00*" H'FFC8* ™
memory Flash memory control register 2 FLMCR2** R/W** H'00** H'FFCo* "
Erase block register 1 EBR1*" R/W**  H'00** H'FFCA**
Erase block register 2 EBR2* ' R/W*2  H'00*™ H'FFCB* ™
RAM emulation register RAMER R/W H'00 H'FEDB
System control register 2 SYSCR2** R/W H'00 H'FF42
Clock pulse System clock control register SCKCR R/W H'00 H'FF3A
generator
Power-down Standby control register SBYCR R/W H'08 H'FF38
mode System clock control register SCKCR RW  H00 H'FF3A
Module stop control register H MSTPCRH  R/W H'3F H'FF3C
Module stop control register L MSTPCRL R/W H'FF H'FF3D
Port 1 Port 1 data direction register P1DDR w H'00 H'FEBO
Port 1 data register P1DR R/W H'00 H'FF60
Port 1 register PORT1 R Undefined H'FF50
Port 2 Port 2 data direction register P2DDR w H'00 H'FEB1
Port 2 data register P2DR R/W H'00 H'FF61
Port 2 register PORT2 R Undefined H'FF51
Port 3 Port 3 data direction register P3DDR w H'00 H'FEB2
Port 3 data register P3DR R/W H'00 H'FF62
Port 3 register PORT3 R Undefined H'FF52
Port 3 open drain control register P30ODR R/W H'00 H'FF76
Port 4 Port 4 register PORT4 R Undefined H'FF53
Port 5 Port 5 data direction register P5DDR W H'0o* ™ H'FEB4
Port 5 data register P5DR R/IW H'o**° H'FF64
Port 5 register PORTS5 R Undefined H'FF54
Port function control register 2 PFCR2 R/W H'30 H'FFAC
System control register SYSCR R/W H'01 H'FF39
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Module Register Abbreviation R/W Initial Value Address**
Port 6 Port 6 data direction register P6DDR W H'00 H'FEB5
Port 6 data register P6DR R/W H'00 H'FF65
Port 6 register PORT6 R Undefined H'FF55
Port function control register 2 PFCR2 R/W H'30 H'FFAC
Port A Port A data direction register PADDR w H'00 H'FEB9
Port A data register PADR R/W H'00 H'FF69
Port A register PORTA R Undefined H'FF59
Port A MOS pull-up control register PAPCR R/W H'00 H'FF70
Port A open drain control register ~ PAODR R/W H'00 H'FF77
Port function control register 1 PFCR1 R/W H'OF H'FF45
Port B Port B data direction register PBDDR w H'00 H'FEBA
Port B data register PBDR R/W H'00 H'FF6A
Port B register PORTB R Undefined H'FF5A
Port B MOS pull-up control register PBPCR R/W H'00 H'FF71
Port C Port C data direction register PCDDR W H'00 H'FEBB
Port C data register PCDR R/W H'00 H'FF6B
Port C register PORTC R Undefined H'FF5B
Port C MOS pull-up control register PCPCR R/W H'00 H'FF72
Port D Port D data direction register PDDDR W H'00 H'FEBC
Port D data register PDDR R/W H'00 H'FF6C
Port D register PORTD R Undefined H'FF5C
Port D MOS pull-up control register PDPCR R/W H'00 H'FF73
Port E Port E data direction register PEDDR w H'00 H'FEBD
Port E data register PEDR R/W H'00 H'FF6D
Port E register PORTE R Undefined H'FF5D
Port E MOS pull-up control register PEPCR R/W H'00 H'FF74
Port F Port F data direction register PFDDR w H'80/H'00*Y" H'FEBE
Port F data register PFDR R/W H'00 H'FF6E
Port F register PORTF R Undefined H'FF5E
Port function control register 2 PFCR2 R/W H'30 H'FFAC
System control register SYSCR R/W H'01 H'FF39
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Module Register Abbreviation R/W Initial Value Address**
Port G Port G data direction register PGDDR W H1'710g-|'00 H'FEBF
*17 %
Port G data register PGDR R/IW H'00* 2 H'FF6F
Port G register PORTG R Undefined**® H'FF5F
Port function control register 2 PFCR2 R/W H'30 H'FFAC
Notes: 1. Lower 16 bits of the address.

358

2. Only 0 can be written for flag clearing.

3. Registers in the DTC cannot be read or written to directly.

4. Located as register information in on-chip RAM addresses H'EBCO to H'EFBF. Cannot
be located in external memory space. Do not clear the RAME bit in SYSCR to 0 when
using the DTC.

5. Determined by the MCU operating mode.

6. Bits used for pulse output cannot be written to.

7. If the pulse output group 2 and pulse output group 3 output triggers are the same
according to the PCR setting, the NDRH address will be H'FF4C, and if different, the
address of NDRH for group 2 will be H'FF4E, and that for group 3 will be H'FF4C.
Similarly, if the pulse output group 0 and pulse output group 1 output triggers are the
same according to the PCR setting, the NDRL address will be H'FF4D, and if different,
the address of NDRL for group O will be H'FF4F, and that for group 1 will be H'FF4D.

8. Only 0 can be written to bits 7 to 5, to clear the flags.

9. For information on writing, see section 10.2.4, Notes on Register Access, in the
Hardware Manual.

10. Only 0 can be written to bit 7, to clear the flag.

11. Flash memory registers selection is performed by means of the FLSHE bit in system
control register 2 (SYSCR2).

12.In modes in which the on-chip flash memory is disabled, a read will return H'00, and
writes are invalid. Writes are also disabled when the FWE bit in FLMCR1 is cleared to
0.

13.When a high level is input to the FWE pin, the initial value is H'80.

14.When a low level is input to the FWE pin, or if a high level is input but the SWE bit in
FLMCRL1 is not set, these registers are initialized to H'00.

15. FLMCR1, FLMCR2, EBR1, and EBR2 are 8-bit registers. Only byte access can be used
on these registers, with the access requiring two states.

16. The SYSCR2 register can only be used in the F-ZTAT version. In the mask ROM
version this register will return an undefined value if read, and cannot be written to.

17. The initial value depends on the mode.
18. Value of bits 4 to 0.
19. Value of bits 3to 0

HITACHI



83 Functions

MRA—DTC Mode Register A H'F800—H'FBFF DTC
Bit : 7 6 5 4 3 2 1 0
| SM1 | SMO | DM1 | DMO | MD1 | MDO | DTS | Sz |
Initial value : Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
Read/Write : — — — — — — — —

DTC Data
Transfer Size

0 | Byte-size
transfer

1 | Word-size
transfer

DTC Transfer Mode Select

0 | Destination side is repeat
area or block area

1 | Source side is repeat area
or block area

DTC Mode —

0 | 0 | Normal mode
1 | Repeat mode

1 | 0 | Block transfer mode
1 | —

Destination Address Mode

0 | — | DARis fixed

1 | 0 | DAR s incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

1 | DAR is decremented after a transfer
(by —1 when Sz = 0; by —2 when Sz = 1)

Source Address Mode

0 | — | SARis fixed

1 | 0 | sAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

1 | SAR is decremented after a transfer
(by -1 when Sz = 0; by —2 when Sz = 1)
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MRB—DTC Mode Register B H'F800—H'FBFF DTC

Bit : 7 6 5 4 3 2 1 0
lcHne |oiseL | ens | — | — [ — | — | — |

Initial value :  Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

Read/Write : — — — — — — — _

Reserved
Only 0 should be written to these bits

DTC Chain Transfer Select

DTC Interrupt Select

0 | After DTC data transfer ends, the CPU interrupt is
disabled unless the transfer counter is 0

1 | After DTC data transfer ends, the CPU interrupt is enabled

DTC Chain Transfer Enable

CHNE |CHNS Description
0 — | No chain transfer. (At end of DTC data
transfer, DTC waits for activation)
1 0 | Chain transfer every time
1 1 | Chain transfer only when transfer counter = 0
SAR—DTC Source Address Register H'F800—H'FBFF DTC
Bit : 23 22 21 20 19 --- 4 3 2 1 0
Initial value : Unde- Unde- Unde-Unde- Unde- R Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined
Read/Write : @ @— — — — — —_ = = = —
Specifies DTC transfer data source address
DAR—DTC Destination Address Register H'F800—H'FBFF DTC
Bit : 23 22 21 20 19 --- 4 3 2 1 0
iti . Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
Initial value : firrleg firr:eg figeg firrleg fiﬂeﬁ firrleg fiﬂe?i figeg figeg fiﬂeg
Read/Write : — — — — — --- - = — = —
|
Specifies DTC transfer data destination address
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CRA—DTC Transfer Count Register A H'F800—H'FBFF DTC

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

Read/Write : @— — — - - - - - - = = = = = =
-4—————— CRAH ——»=——— CRAL —»
\
Specifies the number of DTC data transfers
CRB—DTC Transfer Count Register B H'F800—H'FBFF DTC
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
. fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined
Read/Write : @— — — - - - - - - - - - = = = —

Specifies the number of DTC block data transfers

361
HITACHI



TCR3—Timer Control Register 3 H'FE80 TPU3
Bit : 7 6 5 4 3 2 1 0
| CCLR2 | CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Timer Prescaler J
0 | 0 | O |Internal clock: counts on g/1
1 |Internal clock: counts on @/4
1 | O |Internal clock: counts on 2/16
1 |Internal clock: counts on /64
1 | 0 | 0 |External clock: counts on TCLKA pin input
1 |Internal clock: counts on g/1024
1 | 0 |Internal clock: counts on 2/256
1 |Internal clock: counts on #/4096
Clock Edge
0 | 0 | Count atrising edge
1 | Count at falling edge
1 | — | Count at both edges
Counter Clear
0 | O | O |TCNT clearing disabled
1 |TCNT cleared by TGRA compare match/input capture
1 | O |TCNT cleared by TGRB compare match/input capture
1 | TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation *1
1 | 0 | O |TCNT clearing disabled
1 |TCNT cleared by TGRC compare match/input capture *2
1 | 0 |TCNT cleared by TGRD compare match/input capture *2
1 |TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation *1
Notes: 1. Synchronous operation setting is performed by setting the SYNC
bitin TSYR to 1.
2. When TGRC or TGRD is used as a buffer register, TCNT is not
cleared because the buffer register setting has priority, and
compare match/input capture does not occur.
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TMDR3—Timer Mode Register 3

Bit

Initial value :
Read/Write :

H'FE81 TPU3
7 6 5 4 3 2 1 0
|—|—|BFB|BFA|MD3|MD2|MD1|MDO|
1 1 0 0 0 0 0 0
— — R/W R/W R/W R/W ‘ R/W R/W
Mode
0 | O | 0| O |Normal operation
1 |Reserved
1|0 |PWMmode 1
1 |PWM mode 2
1 | 0 | 0 |Phase counting mode 1
1 |Phase counting mode 2
1 | O |Phase counting mode 3
1 |Phase counting mode 4
1]« x|+ |
*: Don't care
Notes: 1. MD3 is a reserved bit. In a write,
it should always be written with 0.
2. Phase counting mode cannot be
set for channels 0 and 3. In this
case, 0 should always be written
to MD2.
Buffer Operation A
0 | TGRA operates normally
1 | TGRA and TGRC used together
for buffer operation

Buffer Operation B

0

TGRB operates normally

1

TGRB and TGRD used together
for buffer operation
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TIOR3H—Timer 1/0O Control Register 3H H'FE82 TPU3
Bit : 7 6 5 4 3 2 1 0
Initial value : | 10B3 | 10B2 | 10B1 | 10BO | I0A3 | 10A2 | I0A1 | I0A0 |
0 0 0 0 0 0 0 0
Read/Write : R/W R/IW RIW R/W R/IW R/W R/IW R/IW
TGR3A 1/O Control
0| 0|0 |0 |TGR3A |Outputdisabled
T is output [ | -
compare Initial output is 0 output at compare match
register |0 output
1|0 9 1 output at compare match
1 Toggle output at compare match
11010 Output disabled
1 Initial output is 0 output at compare match
1 output
1|0 1 output at compare match
1 Toggle output at compare match
110 |0 |0 |TGR3A |Captureinput Input capture at rising edge
——1isinput |sourceis .
1 capture | TIOCAg pin Input capture at falling edge
1 | « |register Input capture at both edges
1) x|~ Capture input Input capture at TCNT4 count-up/
source is channel t-d
4/count clock count-down
* . Don't care
TGRS3B I/O Control
0| 0|0]|0|TGR3B | Output disabled
[, |isoutput|— -
1 compare Initial output is 0 output at compare match
register | 0 output
1/0 g 1 output at compare match
1 Toggle output at compare match
11010 Output disabled
1 Initial output is 1 | O output at compare match
output
1]0 1 output at compare match
1 Toggle output at compare match
1]0|0 |0 |TGR3B | Capture input Input capture at rising edge
——1isinput | source is -
1 capture | TIOCB3 pin Input capture at falling edge
1 |+ |register Input capture at both edges
1= Capture input Input capture at TCNT4 count-up/
source is channel t-down™!
4/count clock count-down
* . Don't care
Note: 1. When bits TPSC2 to TPSCO in TCR4 are set to B'000, and @/1 is used as
the TCNT4 count clock, this setting is invalid and input capture does not
occur.
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TPU3

TIOR3L—Timer I/O Control Register 3L H'FE83
Bit : 7 4 3
| 1ops | 1002 | 101 | 1000 | 103 | 1oc2 | 1oc1 | 1oco |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/IW R/W R/W R/IW R/W
TGR3C I/0O Control
0| 0|0 |0 |TGR3C |Outputdisabled
is output [ - -
1 compare Initial output is 0 output at compare match
register=1 0 output
1|0 |9 1 output at compare match
1 Toggle output at compare match
1(0]0 Output disabled
1 Initial outputis 1 |0 output at compare match
output
1]0 1 output at compare match
1 Toggle output at compare match
10|00 |TGR3C |Captureinput Input capture at rising edge
[ lisinput |source is
1 capture | TIOCC3 pin Input capture at falling edge
i 1]
1|+ |registert Input capture at both edges
1> Capture_ input Input capture at TCNT4 count-up/
source is channel 3
count-down
4/count clock
* :Don't care
Note: 1. When the BFA bit in TMDR3 is set to 1 and TGR3C is used as a buffer
register, this setting is invalid and input capture/output compare does not
occur.
TGR3D 1/O Control
0| 0|0 |0 |TGR3D | Outputdisabled
[ |isoutput [ -
1 compgre Initial output is 0 | 0 output at compare match
register output
110 o 1 output at compare match
1 Toggle output at compare match
1(0]0 Output disabled
1 Initial outputis 1 | 0 output at compare match
output
10 1 output at compare match
1 Toggle output at compare match
1]/0|0]|0 |TGR3D |Captureinput Input capture at rising edge
r—|isinput |source is -
1 |capture | TIOCD3 pin Input capture at falling edge
1| iezglster Input capture at both edges
1> Capture i”ﬁ”t || Input capture at TCNT4 count-up/
source is channel | .o o down*1
4/count clock

* : Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and @/1 is used as
the TCNT4 count clock, this setting is invalid and input capture does not

occur.

2. When the BFB bit in TMDR3 is set to 1 and TGR3D is used as a buffer
register, this setting is invalid and input capture/output compare does not

occur.

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.
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TIER3—Timer Interrupt Enable Register 3 H'FE84 TPU3

Bit : 7 6 5 4 3 2 1 0

| TTGE | — | — | TCIEV | TGIED | TGIEC | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
Read/Write : R/W — — R/W R/W R/W R/W R/W

TGR Interrupt Enable A

0 | Interrupt request (TGIA)
by TGFA bit disabled
1 | Interrupt request (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt request (TGIB)
by TGFB bit disabled
1 | Interrupt request (TGIB)
by TGFB bit enabled

TGR Interrupt Enable C

0 | Interrupt request (TGIC) by
TGFC bit disabled
1 | Interrupt request (TGIC) by
TGFC bit enabled

TGR Interrupt Enable D

0 | Interrupt request (TGID) by TGFD
bit disabled

1 | Interrupt request (TGID) by TGFD
bit enabled

Overflow Interrupt Enable
0 | Interrupt request (TCIV) by TCFV disabled

1 | Interrupt request (TCIV) by TCFV enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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TSR3—Timer Status Register 3 H'FE85 TPU3

Bit : 7 6 5 4 3 2 1 0

| — | — | — | TCFV | TGFD | TGFC | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — RI(W)*  RI(W)* RI(W)* R/(W)* RI(W)*

Input Capture/Output Compare Flag A

0 |[Clearing conditions]

* When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC is 0

+ When DMAC is activated by TGIA interrupt while
DTA bit of DMABCR in DMAC is 1

« When 0 is written to TGFA after reading TGFA = 1

1 |[Setting conditions]

* When TCNT=TGRA while TGRA is function-
ing as output compare register

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning as
input capture register

Input Capture/Output Compare Flag B

0 |[Clearing conditions]

* When DTC is activated by TGIB interrupt while DISEL bit
of MRB in DTC is 0

* When 0 is written to TGFB after reading TGFB = 1

1 |[Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

* When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input capture
register

Input Capture/Output Compare Flag C

0 |[Clearing conditions]

« When DTC is activated by TGIC interrupt while DISEL bit of MRB in

DTCis0

* When 0 is written to TGFC after reading TGFC = 1

1 |[Setting conditions]

* When TCNT = TGRC while TGRC is functioning as output compare
register

* When TCNT value is transferred to TGRC by input capture signal
while TGRC is functioning as input capture register

Input Capture/Output Compare Flag D

0 | [Clearing conditions]

* When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC
is0

* When 0 is written to TGFD after reading TGFD = 1

1 |[Setting conditions]

* When TCNT = TGRD while TGRD is functioning as output compare register

* When TCNT value is transferred to TGRD by input capture signal while
TGROD is functioning as input capture register

Overflow Flag

0 | [Clearing condition]

When 0 is written to TCFV after reading TCFV =1

1 |[Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Note: * Can only be written with 0 for flag clearing.
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TCNT3—Timer Counter 3 H'FE86 TPU3

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : o o o o0 o o o o o o o o o o o o
Read/Write :  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

Up-counter
TGR3A—Timer General Register 3A H'FE88 TPU3
TGR3B—Timer General Register 3B H'FE8A TPU3
TGR3C—Timer General Register 3C H'FE8C TPU3
TGR3D—Timer General Register 3D H'FESE TPU3
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initalvalue : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write : 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
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TCR4—Timer Control Register 4

Bit

Initial value
Read/Write

5 4

| CCLR1| CCLRO | CKEGl| CKEGO | TPSC2 | TPSC1 | TPSCO |

0 0 0

R/IW R/W RIW R/W

H'FE9Q0 TPU4
3 2 1 0
0 0 0 0
RIW RW  RW

Counter Clear

Clock Edge

Timer Prescaler

0

00

Internal clock: counts on g/1

Internal clock: counts on @/4

Internal clock: counts on 2/16

Internal clock: counts on @/64

External clock: counts on TCLKA pin input

External clock: counts on TCLKC pin input

Internal clock: counts on 2/1024

o
r|lo|lr|lo|lr|o|r

Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase
counting mode.

0|0

Count at rising edge

1

Count at falling edge

1 J—

Count at both edges

Note: This setting is ignored when channel
4 is in phase counting mode.

0

0 | TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

1
0 |TCNT cleared by TGRB compare match/input capture
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation*

Note: * Synchronous operation setting is performed by setting

the SYNC bitin TSYR to 1.
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TMDR4—Timer Mode Register 4 H'FE91 TPU4
Bit : 7 6 5 4 3 2 1 0
| — | — | — — |MD3|MD2 MD1|MDO|
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — — R/IW RIW R/IW R/IW
Mode
0 | 0| 0 | 0 |Normal operation
1 |Reserved
1|0 |PWM mode 1
1 |PWM mode 2
1 | 0 | 0 |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1l x| x| x|
* . Don't care
Note: MD3 is a reserved bit. In a write, it
should always be written with 0.
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Bit

Initial value :
Read/Write :

TIOR4—Timer I/O Control Register 4 H'FE92 TPU4
7 6 5 4 3 2 1 0
| 10B3 | 10B2 | 10B1 | 10BO | I0A3 | I0A2 | I0A1 | I0A0 |
0 0 0 0 0 0 0 0
RIW R/W RIW R/IW R/W R/W R/IW R/W
TGR4A 1/0 Control
0| 0| 0|0 |TGR4A |Output disabled
Tis output [ | -
compare | Mitial outputis 0 | 0 output at compare match
register | OUtPUL
1,0 9 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial output is 1 | 0 output at compare match
output
1]0 1 output at compare match
1 Toggle output at compare match
10|00 |TGR4A | Capture input Input capture at rising edge
71 isinput | source is .
capture | TIOCA, pin Input capture at falling edge
1| * |register Input capture at both edges
1= Capture input Input capture at generation of
source is TGR3A| TGR3A compare match/input
compare match/ | capture
input capture
*: Don't care
TGR4B /O Control
0| 0|0 |0 |TGR4B |Output disabled
1 lzsocr#;glrj; Initial output is 0 | 0 output at compare match
ister |Output
1|0 |regis 1 output at compare match
1 Toggle output at compare match
1/010 Output disabled
1 Initial output is 1 | 0 output at compare match
output
110 1 output at compare match
1 Toggle output at compare match
10|00 TGR4B |Capture input Input capture at rising edge
[ |isinput |source is .
1 capture | TIOCB, pin Input capture at falling edge
1 | * |register Input capture at both edges
1 * | * Capture input Input capture at generation of
source is TGR3C| TGR3C compare match/input
compare match/ | capture
input capture

* : Don't care
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TIER4—Timer Interrupt Enable Register 4 H'FE94 TPU4

Bit : 7 6 5 4 3 2 1 0

| TTGE | — | TCIEU | TCIEV | — | — | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
Read/Write : RW — R/IW R/W — — RW  RW

TGR Interrupt Enable A

0 | Interrupt request (TGIA)
by TGFA bit disabled
1 | Interrupt request (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt request (TGIB) by
TGFB bit disabled

1 | Interrupt request (TGIB) by
TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt request (TCIV) by TCFV disabled

1 | Interrupt request (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt request (TCIU) by TCFU disabled

1 | Interrupt request (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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TSR4—Timer Status Register 4 H'FE95
Bit : 7 6 5 4 3 2 1 0
| TCFD | — | TCFU | TCFV | — | — | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
Read/Write : R — RI(W)*  RI(W)* — _ RIW)*  RI(W)*

o

Input Capture/Output Compare Flag A

TPU4

0 |[Clearing conditions]
DISEL bit of MRB in DTC is 0

DTA bit of DMABCR in DMAC is 1

* When DTC is activated by TGIA interrupt while
* When DMAC is activated by TGIA interrupt while

* When 0 is written to TGFA after reading TGFA =1

1 |[Setting conditions]

as output compare register

« When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

* When TCNT = TGRA while TGRA is functioning

Input Capture/Output Compare Flag B

0

[Clearing conditions]

« When DTC is activated by TGIB interrupt while DISEL

bit of MRB in DTC is 0
« When 0 is written to TGFB after reading TGFB = 1

[Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

« When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

Overflow Flag

0 | [Clearing condition]

When 0 is written to TCFV after reading TCFV =1

1 | [Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000)

Underflow Flag

0 | [Clearing condition]

When 0 is written to TCFU after reading TCFU = 1

1 | [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag
0 | TCNT counts down
1 | TCNT counts up

Note: * Can only be written with 0 for flag clearing.
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TCNT4—Timer Counter 4 H'FE96 TPU4

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : o o o o o o o o o o o o o o o o
Read/Write :  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

Up/down-counter*

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel. In
other cases it functions as an up-counter.

TGR4A—Timer General Register 4A H'FE98 TPU4
TGR4B—Timer General Register 4B H'FE9A TPU4
Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

HEEEEEEEEEEE .
Initial value : 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W R/W R/W
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TCR5—Timer Control Register 5

Bit

Initial value :
Read/Write :

us

H'FEAO TP
6 5 4 3 2 1 0
| CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W
]
Time Prescaler
0 | 0 | O |Internal clock: counts on @/1
1 |Internal clock: counts on @/4
1 | O |Internal clock: counts on 2/16
1 |Internal clock: counts on @/64
1 |0 | 0O |External clock: counts on TCLKA pin input
1 |External clock: counts on TCLKC pin input
1 | 0 |Internal clock: counts on 2/256
1 |External clock: counts on TCLKD pin input
Note: This setting is ignored when channel 5 is in phase
counting mode.
Clock Edge
0 | 0 | Countatrising edge
1 | Count at falling edge
1 | — | Count at both edges
Note: This setting is ignored when channel
5 is in phase counting mode.

Counter Clear

0 | O |TCNT clearing disabled
1 | TCNT cleared by TGRA compare match/input capture
1 | O |TCNT cleared by TGRB compare match/input capture
1 |TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation*
Note: * Synchronous operation setting is performed by setting

the SYNC bitin TSYR to 1.
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TMDR5—Timer Mode Register 5

Bit

Initial value :
Read/Write :

376

H'FEA1 TPUS
4 3 2 1 0
— | MD3 | MD2 | MD1 | MDO |
0 0 0 0 0
— R/W R/IW ‘ R/W R/W
Mode
0| 0| O | 0 |Normal operation
1 |Reserved
1|0 |PWM mode 1
1 |PWM mode 2
1 | 0 | 0 |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1] x| x [ x|
* : Don't care
Note: MD3 is a reserved bit. In a write, it
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Bit

Initial value
Read/Write

TIOR5—Timer I/O Control Register 5 H'FEA2 TPUS
7 6 5 4 3 2 1 0
| 10B3 | 10B2 | 10B1 | 10BO | I0A3 | I0A2 | I0A1 | I0A0 |
0 0 0 0 0 0 0 0
R/W R/W R/IW R/IW R/W R/W RIW R/W
TGR5A 1/0 Control
0| 0|0 |0 |TGR5A |Outputdisabled
[, |isoutput [ | .
1 compare IOnL:?;utOUtpUt is0 | O output at compare match
1 | o |register 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial outputis 1 | 0 output at compare match
output
110 1 output at compare match
1 Toggle output at compare match
1| *10|0 |TGR5A |Capture input Input capture at rising edge
isinput |source is TIOCAg -
1 capture | pin Input capture at falling edge
1 | * |register Input capture at both edges
* : Don't care
TGR5B 1/0 Control
0|0 |0 |0 |TGR5B |Outputdisabled
[ |isoutput| —— | is0
1 compare Ionlﬁﬁlu?utput is 0 output at compare match
1 | o |register 1 output at compare match
1 Toggle output at compare match
1]0|0 Output disabled
1 Initial outputis 1 | O output at compare match
output
1,0 1 output at compare match
1 Toggle output at compare match
1| * 0|0 |TGR5B |Capture input Input capture at rising edge
[ lisinput |source is TIOCBg N
1 | capture |pin Input capture at falling edge
1 | * |register Input capture at both edges

* : Don’t care
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TIER5—Timer Interrupt Enable Register 5 H'FEA4 TPUS

Bit : 7 6 5 4 3 2 1 0

| TTGE | — | TCIEU | TCIEV | — | — | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
Read/Write : RW_ — R/W R/W — — RW  RW.

TGR Interrupt Enable A

0 | Interrupt request (TGIA)
by TGFA bit disabled

1 | Interrupt request (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt request (TGIB)
by TGFB bit disabled
1 | Interrupt request (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt request (TCIV) by TCFV disabled
1 | Interrupt request (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt request (TCIU) by TCFU disabled

1 | Interrupt request (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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TSR5—Timer Status Register 5 H'FEAS5 TPUS
Bit : 7 6 5 4 3 2 1 0
| TCFD | — | TCFU | TCFV | — | — | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
Read/Write : R —  RIW)*  RAW)* — —  RIW)*  RAW)*

Overflow Flag

Input Capture/Output Compare Flag B

S

Input Capture/Output Compare Flag A
0

[Clearing conditions]

* When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC is 0

« When DMAC is activated by TGIA interrupt while
DTA bit of DMABCR in DMAC is 1

* When 0 is written to TGFA after reading TGFA =1

1 |[Setting conditions]

* When TCNT = TGRA while TGRA is functioning
as output compare register

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

0

[Clearing conditions]

« When DTC is activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0

* When 0 is written to TGFB after reading TGFB = 1

[Setting conditions]

+ When TCNT = TGRB while TGRB is functioning as
output compare register

* When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

0

[Clearing condition]
When 0 is written to TCFV after reading TCFV =1

[Setting condition]
When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0

[Clearing condition]
When 0 is written to TCFU after reading TCFU = 1

1 | [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag
0 | TCNT counts down
1 | TCNT counts up

Note: * Can only be written with O for flag clearing.
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TCNT5—Timer Counter 5 H'FEAG6 TPU5

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvaue : 0 O O O O O O O O O O O O O o o
Read/Write : 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

Up/down-counter*

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel. In
other cases it functions as an up-counter.

TGR5A—Timer General Register 5A H'FEAS8 TPUS
TGR5B—Timer General Register 5B H'FEAA TPUS
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvaluee: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write :  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

P1DDR—Port 1 Data Direction Register H'FEBO Port 1
Bit : 7 6 5 4 3 2 1 0
|P17DDR| P16DDR| P15DDR| P14DDR| P13DDR | P12DDR | P11DDR| PlODDR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : w W W w W W w W

Specify input or output for individual port 1 pins
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P2DDR—Port 2 Data Direction Register H'FEB1 Port 2

Bit : 7 6 5 4 3 2 1 0

| P27DDR| P26DDR| P25DDR| P24DDR| P23DDR|P22DDR | P21DDR| P20DDR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : W w W w w W w w

Specify input or output for individual port 2 pins

P3DDR—Port 3 Data Direction Register H'FEB2 Port 3
Bit : 7 6 5 4 3 2 1 0
— — | P35DDR|P34DDR|P33DDR |P32DDR |P31DDR|P30DDR
Initial value :  Undefined Undefined 0 0 0 0 0 0
Read/Write : — — wW wW wW W W wW

Specify input or output for individual port 3 pins

P5DDR—Port 5 Data Direction Register H'FEB4 Port 5
Bit : 7 6 5 4 3 2 1 0
| — | — | — | — | P53DDR | P52DDR | P51DDR|P50DDR|
Initial value :  Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — W W W W

Specify input or output for individual port 5 pins

381
HITACHI



P6DDR—Port 6 Data Direction Register H'FEB5

Port 6
Bit : 7 6 5 4 3 2 1 0
P67DDR| P66DDR| P65DDR| P64DDR|P63DDR |P62DDR | P61DDR |P60DDR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : wW w W w W w w w
Specify input or output for individual port 6 pins
PADDR—Port A Data Direction Register H'FEB9 Port A
Bit : 7 6 5 4 3 2 1 0
PA7DDR| PA6DDR|PASDDR|PA4DDR|PA3DDR|PA2DDR [PA1DDR|PAODDR
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w W w w w w
Specify input or output for individual port A pins
PBDDR—Port B Data Direction Register H'FEBA Port B
Bit : 7 6 5 4 3 2 1 0
|PB7DDR| PB6DDR| PBSDDR| PB4DDR|PB3DDR|PBZDDR|PBlDDR|PBODDR|
Initial value  : 0 0 0 0 0 0 0 0
Read/Write  : W w w w w w W w

Specify input or output for individual port B pins
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Bit

Initial value
Read/Write

Bit

Initial value :
Read/Write :

Bit

Initial value :

PCDDR—Port C Data Direction Register H'FEBB Port C
7 6 5 4 3 2 1 0
|PC7DDR| PC6DDR| PC5DDR| PC4DDR|PC3DDR|PC2DDR | PClDDR|PCODDR|
0 0 0 0 0 0 0 0
W w W W w W W w
Specify input or output for individual port C pins
PDDDR—Port D Data Direction Register H'FEBC Port D
7 6 5 4 3 2 1 0
PD7DDR|PD6DDR|PD5DDR|PD4DDR|{PD3DDR|PD2DDR |PD1DDR|PDODDR
0 0 0 0 0 0 0 0
w w w w w w w w
Specify input or output for individual port D pins
PEDDR—Port E Data Direction Register H'FEBD Port E
7 6 5 4 3 2 1 0
PE7DDR| PE6DDR|PESDDR|PE4DDR|PE3DDR|PE2DDR | PE1DDR|PEODDR
0 0 0 0 0 0 0 0
w w w w w w w w

Read/Write :

Specify input or output for individual port E pins
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PFDDR—Port F Data Direction Register H'FEBE Port F

Bit : 7 6 5 4 3 2 1 0
|PF7DDR| PF6DDR| PF5DDR| PF4DDR| PF3DDR|PF2DDR | PF1DDR| PFODDR|

Modes 4 to 6

Initial value 1 0 0 0 0 0 0 0
Read/Write W w ] w W w W w
Mode 7

Initial value 0 0 0 0 0 0 0 0
Read/Write W w ] w W W W w

Specify input or output for individual port F pins
PGDDR—Port G Data Direction Register H'FEBF Port G

Bit : 7 6 5 4 3 2 1 0

| —_ | — | — |PG4DDR|PG3DDR|PGZDDR|PGlDDR|PGODDR|
Modes 4 and 5

Initial value  : Undefined Undefined Undefined 1 0 0 0 0
Read/Write — — — w W w W W
Modes 6 and 7
Initial value  : Undefined Undefined Undefined 0 0 0 0 0
Read/Write — — — w W w W W
Specify input or output for individual port G pins
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IPRA Interrupt Priority Register A H'FEC4 Interrupt Controller
IPRB Interrupt Priority Register B H'FEC5 Interrupt Controller
IPRC Interrupt Priority Register C H'FEC6 Interrupt Controller
IPRD Interrupt Priority Register D H'FEC7 Interrupt Controller
IPRE Interrupt Priority Register E H'FECS8 Interrupt Controller
IPRF Interrupt Priority Register F H'FEC9 Interrupt Controller
IPRG Interrupt Priority Register G H'FECA Interrupt Controller
IPRH Interrupt Priority Register H H'FECB Interrupt Controller
IPRI Interrupt Priority Register | H'FECC Interrupt Controller
IPRJ Interrupt Priority Register J H'FECD Interrupt Controller
IPRK Interrupt Priority Register K H'FECE Interrupt Controller
Bit 7 6 5 4 3 2 1 0
— IPR6 | IPR5 | IPR4 — IPR2 IPR1 | IPRO
Initial value : 0 1 1 1 0 1 1 1
Read/Write : — R/W R/W R/W — R/W R/W R/W

Set priority (levels 7 to 0) for interrupt sources

Correspondence between Interrupt Sources and IPR Settings

) Bits
Register
6to4 2t00

IPRA | IRQO IRQ1
IPRB | IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC

IRQ7
IPRD | WDT Refresh timer
IPRE | —* A/D converter
IPRF | TPU channel O TPU channel 1
IPRG | TPU channel 2 TPU channel 3
IPRH | TPU channel 4 TPU channel 5
IPRI 8-bit timer channel 0 8-bit timer channel 1
IPRJ DMAC SCI channel 0
IPRK | SCI channel 1 SCI channel 2

Note: * Reserved bits.
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ABWCR—BusWidth Control Register H'FEDO Bus Controller

Bit : 7 6 5 4 3 2 1 0
ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO
Modes 5to 7
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
Mode 4
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Area 7 to 0 Bus Width Control
0 | Arean is designated for 16-bit access
1 | Arean is designated for 8-bit access
(n=7t00)
ASTCR—Access State Control Register H'FED1 Bus Controller
Bit : 7 6 5 4 3 2 1 0
AST7 AST6 ASTS AST4 AST3 AST2 AST1 ASTO
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Area 7 to 0 Access State Control
0 | Areanis designated for 2-state access
Wait state insertion in area n external space is disabled
1 | Areanis designated for 3-state access
Wait state insertion in area n external space is enabled
(n=7100)
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WCRH—Wait Control Register H

Bit

Initial value :
Read/Write :

H'FED2 Bus Controller
7 6 5 4 3 2 1 0
| w71 | W70 | we1l | W60 | W51 | W50 w41 | W40 |
1 1 1 1 1 1 1 1
RIW RIW RIW RIW RIW RIW RIW RIW

Area 5 Wait Control

Area 4 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0O |2 program wait states inserted
1 |3 program wait states inserted

0|0

Program wait not inserted

1 program wait state inserted

2 program wait states inserted

1
0
1

3 program wait states inserted

Area 6 Wait Control

0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0O |2 program wait states inserted
1 | 3 program wait states inserted

Area 7 Wait Control

0

Program wait not inserted

1 program wait state inserted

2 program wait states inserted

0
1
0
1

3 program wait states inserted
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WCRL—Wait Control Register L H'FED3 Bus Controller
Bit 7 6 5 4 3 2 1 0
| w31 | W30 | w21 | W20 | wi1 | w10 | w01 | W00 |
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Area 0 Wait Control
0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | O |2 program wait states inserted
1 |3 program wait states inserted
Area 1 Wait Control
0 | 0 |Program wait not inserted
1 |1 program wait state inserted
1 | 0O |2 program wait states inserted
1 |3 program wait states inserted
Area 2 Wait Control
0 | O |Program wait not inserted
1 |1 program wait state inserted
1 | 0 |2 program wait states inserted
1 |3 program wait states inserted
Area 3 Wait Control
0 | O |Program wait not inserted
1 |1 program wait state inserted
1 | O |2 program wait states inserted
1 |3 program wait states inserted
388
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BCRH—Bus Control Register H H'FED4 Bus Controller

Bit : 7 6 5 4 3 2 1 0
| ICIS1 | ICISO |BRSTRM| BRSTSl|BRSTSO| RMTS2 | RMTS1 | RMTSO |
Initial value : 1 1 0 1 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

RAM Type Select

RMTS2|RMTS1LRMTSO0| Area 5 ‘ Area 4 ‘ Area 3 | Area 2
0 0 0 Normal space
1 Normal space ‘ DRAM
space
1 0 Normal space ‘ DRAM space
1 DRAM space
1 — _ —

Note: When areas selected in DRAM space
are all 8-bit space, the PF2 pin can be
used as an I/O port, BREQO, or WAIT.
When PF2 is used as the WAIT pin in
the H8S/2323 and H8S/2322, normal
space other than DRAM space should
be designated as 16-bit-bus space.
RAS down mode cannot be used when
this setting is made. Sample settings
are shown below.

RMTS2|[RMTS1RMTSO|Area 5|Area 4|/Area 3|  Area 2
0 0 0 Normal space
Normal space  |DRAM space
1 (16-bit bus) (8-bit bus)
N o |Normal space DRAM space
(16-bit bus) (8-bit bus)
DRAM space
1 (8-bit bus)

Burst Cycle Select 0

0 | Max. 4 words in burst access
1 | Max. 8 words in burst access

Burst Cycle Select 1

0 | Burst cycle comprises 1 state
1 | Burstcycle comprises 2 states

Area 0 Burst ROM Enable
0 | Basic bus interface
1 | Burst ROM interface

Idle Cycle Insert 0

0 | Idle cycle not inserted in case of successive external read and external write cycles|
1 | Idle cycle inserted in case of successive external read and external write cycles

Idle Cycle Insert 1

0 | Idle cycle not inserted in case of successive external read cycles in different areas
1 | Idle cycle inserted in case of successive external read cycles in different areas
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BCRL—Bus Control Register L H'FED5 Bus Controller

Bit : 7 6 5 4 3 2 1 0

| BRLE |BREQOE| EAE | — | DDS | — | WDBE | WAITE |
Initial value : 0 0 1 1 1 1 0 0
Read/Write : RwW RIW RW RwW R/W R/W R/W RwW

WAIT Pin Enable

0 | Wait input by WAIT
pin* disabled

1 | Wait input by WAIT
pin* enabled

Note: * The WAIT input pin
can be switched
between PF» and
P53 by means of
WAITPS.

Write Data Buffer Enable

0 | Write data buffer function
not used

1 | Write data buffer function
used

Reserved
Only 1 should be written to this bit

DACK Timing Select

0 | When DMAC single address transfer is performed in
DRAM space, full access is always executed. DACK
signal goes low from Tr or T1 cycle

1 | Burst access is possible when DMAC single address
transfer is performed in DRAM space. DACK signal
goes low from Tcl or T2 cycle

Reserved

External Addresses H'010000 to H'0O3FFFF Enable
0 | « Inthe H8S/2329 and H8S/2328, addresses H'010000 to H'03FFFF*2 are
on-chip ROM
¢ In the H8S/2327, addresses H'010000 to H'01FFFF are on-chip ROM,
and addresses H'020000 to H'03FFFF are a reserved area*!
« In the H8S/2323, addresses H'010000 to H'03FFFF are a reserved area*!
1 | Addresses H'010000 to H'03FFFF*2 are external addresses
in external expanded mode or reserved area*? in single-chip mode
Notes: 1. Do not access a reserved area.
2. Address H'010000 to H'0O5FFFF in the H8S/2329.

BREQO Pin Enable
0 | BREQO output disabled
1 | BREQO" output enabled

Note: * The BREQO output pin can be switched between
PF2 and P53 by means of BREQOPS.

Bus Release Enable
0 | External bus release disabled

1 | External bus release enabled
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MCR—Memory Control Register

Bit

Initial value :
Read/Write :

H'FEDG

Bus Controller

7 6 5 4 3 2 1 0

| TPC | BE | RCDM | — | MXC1 | MXCO | RLW1 | RLWO |
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Reserved

RAS Down Mode

Refresh Cycle Wait Control

0 0 | No wait state inserted
1 | 1 wait state inserted

1 0 | 2 wait states inserted
1 | 3 wait states inserted

Multiplex Shift Count

0|0 8-bit shift
1 9-bit shift

110 10-bit shift
1 —

0 | RAS up mode selected for DRAM interface

1 | RAS down mode selected for DRAM interface

Burst Access Enable

0 | Burst disabled (always full access)

1 | For DRAM space access, access in fast page mode

TP Cycle Control

0

1-state precharge cycle is inserted

1

2-state precharge cycle is inserted
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DRAMCR—DRAM Control Register H'FED7

Bit

Initial value :
Read/Write :

392

5 4 3

Bus Controller

| |RFSHE| RCW |RMODE| CMF

7 6
0 0
R/W R/W

0 0 0
R/W R/W R/W

2 1 0

| CMIE | CKS2 | CKS1 | CKSO |
0 0 0
R/W R/W R/W

Refresh Counter Clock Select

0 | 0 | 0 | Countoperation disabled
1 | Count uses @/2
1 | 0 |Countuses /8
1 | Count uses /32
1 | 0| O |Countuses 2/128
1 | Countuses @/512
1 | 0 |Countuses 2/2048
1 | Count uses 8/4096

Compare Match Interrupt Enable

0 | Interrupt request (CMI) by CMF flag disabled

1 | Interrupt request (CMI) by CMF flag enabled

Compare Match Flag

0 |[Clearing condition]

When 0 is written to CMF after reading CMF = 1

[Setting condition]

1 |When RTCNT = RTCOR

Refresh Mode

0

Self-refreshing is not performed in software standby mode

1

Self-refreshing is performed in software standby mode

RAS-CAS Wait

0 | Wait state insertion in CAS-before-RAS refreshing disabled
RAS falls in T, cycle

1 | One wait state inserted in CAS-before-RAS refreshing
RAS falls in T¢, cycle

Refresh Control

0 | Refresh control is not performed

1 | Refresh control is performed
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RTCNT—Refresh Timer Counter H'FEDS Bus Controller

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Internal clock count value

RTCOR—Refresh Time Constant Register H'FED9 Bus Controller
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the period for compare match operations with RTCNT

RAMER—RAM Emulation Register H'FEDB Bus Controller
(F-ZTAT version only)

Bit : 7 6 5 4 3 2 1 0
— — — — RAMS | RAM2 RAM1 RAMO

Initial value : 0 0 0 0 0 0 0 0

Read/Write : — — — — R/W R/W R/W R/W

RAM Select, Flash Memory Area Select

RAMS |RAM2 |RAM1 | RAMO RAM Area Block Name
0 * * * H'FFDCO00 to H'FFEBFF | RAM area, 4 kbytes

1 0 0 0 H'000000 to H'000FFF EBO (4 kbytes)
1 H'001000 to H'001FFF EB1 (4 kbytes)

1 0 H'002000 to H'002FFF EB2 (4 kbytes)

1 H'003000 to H'003FFF EB3 (4 kbytes)

1 0 0 H'004000 to H'004FFF EB4 (4 kbytes)

1 H'005000 to H'005FFF EB5 (4 kbytes)

1 0 H'006000 to H'006FFF EB6 (4 kbytes)

1 H'007000 to H'007FFF EB7 (4 kbytes)

*: Don't care
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MAROAH—Memory Address Register 0AH H'FEEO DMAC

MAROAL—Memory Address Register OAL H'FEE2 DMAC
Bit : 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
waroaH + | —| —| —|—| ||| | | | | | | | |
Inital value: 0 O0 O O O O O O * * * *oox * ¥k
Read/Write: — — — — — — — — R/WR/WR/W R/WR/W R/W R/WR/W
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
weeone | [ | | | L[ L]
|n|t|al Value : * * * * * * * * * * * * * * * *

Read/Write : 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
* . Undefined

In short address mode: Specifies transfer source/transfer destination address
In full address mode: Specifies transfer source address

IOAROA—I/O Address Register 0A H'FEE4 DMAC
Bit - 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
IOAROA
Initial value : * * * * * * * * * * * * * * * *

Read/Write ©:  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

* . Undefined

In short address mode: Specifies transfer source/transfer destination address
In full address mode: Not used
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ETCROA—Transfer Count Register 0A H'FEE6 DMAC

Bit

ETCROA
Initial value :
Read/Write :

Sequential
mode

Idle mode
Normal mode

Repeat mode

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

* * * * * * * * * * * * * * * *

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

Transfer counter

Transfer number storage register Transfer counter
Block transfer
mode Block size storage register Block size counter
* : Undefined

MAROBH—Memory Address Register 0OBH H'FEES8 DMAC
MAROBL—Memory Address Register OBL H'FEEA DMAC

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

MAROBH SN P U (N R S N -

Iniialvaue: 0 0 0 0O 0 0 0 0 * * * * x % & %

Read/Write: — — — — — — — — R/WR/WR/W R/WR/W R/W R/WR/W

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MAROBL

Initial value : * * * * * * * * * * * * * * * *

Read/Write : 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

* . Undefined

In short address mode: Specifies transfer source/transfer destination address
In full address mode: Specifies transfer destination address
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IOAROB—I/O Address Register OB H'FEEC DMAC

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IOAROB

Initial value : * * * * * * * * * * * * * * * *

Read/Write : 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
* » Undefined

In short address mode: Specifies transfer source/transfer destination address
In full address mode: Not used

ETCROB—Transfer Count Register 0B H'FEEE DMAC
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
ETCROB
Initial value : * * * * * * * * * * * * * * * *

Read/Write : 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

Sequential
mode and Transfer counter
idle mode
Repeat mode

Transfer number storage register Transfer counter
Block transfer
mode Block transfer counter

* : Undefined

Note: Not used in normal mode.
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MAR1AH—Memory Address Register 1AH H'FEFO DMAC

MARIAL—Memory Address Register 1AL H'FEF2 DMAC
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MAR1IAH | — | — | —| — | — | — | — | —

Intialvalue: 0 0 O O O O O O * * *x *x % % *  *
Read/Write : — — — — — — — — R/WR/WR/W R/WR/W R/W R/WR/W
Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAR1AL

Initial value : * * * * * * * * * * * * * * * *

Read/Write : 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
* » Undefined

In short address mode: Specifies transfer source/transfer destination address
In full address mode: Specifies transfer source address

IOAR1A—I/O Address Register 1A H'FEF4 DMAC
Bit © 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IOAR1A
Initial value : * * * * * * * * * * * * * * * *

Read/Write : 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/IW R/W R/W

* . Undefined

In short address mode: Specifies transfer source/transfer destination address
In full address mode: Not used
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ETCR1A—Transfer Count Register 1A H'FEF6 DMAC

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ereraa | [ | | | [ [ ][] [ ] ]|
Initial value : * * * * * * * * * * * * * * * *

Read/Write : 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

Sequential mode
Idle mode Transfer counter

Normal mode

Repeat mode

Transfer number storage register Transfer counter
Block transfer mode
Block size storage register Block size counter
* : Undefined
MAR1BH — Memory Address Register 1BH H'FEF8 DMAC
MARI1BL — Memory Address Register 1BL H'FEFA DMAC
Bit © 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MARIBH | — | —| —| —| —| —| — | —
Intialvalue: 0 0 O O O O O 0 * * * x x % x %
Read/Write : — — — — — — — — R/WR/WR/W R/WR/W R/W R/WR/W
Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
MAR1BL
Initial value : * * * * * * * * * * * * * * * *

Read/Write : 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
* - Undefined

In short address mode: Specifies transfer source/transfer destination address
In full address mode: Specifies transfer destination address
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IOAR1B—I/O Address Register 1B H'FEFC DMAC

Bit - 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IOAR1B
Initial value : * * * * * * * * * * * * * * * *

Read/Write : 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/IW R/W R/W

* : Undefined

In short address mode: Specifies transfer source/transfer destination address
In full address mode: Not used

ETCR1B—Transfer Count Register 1B H'FEFE DMAC
Bit . 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
erers | | | [ [ ] [ [ ][ T ][] ]]
Inltial Value : * * * * * * * * * * * * * * * *

Read/Write :  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

Sequential mode
and idle mode

Transfer counter

Repeat mode
Transfer number storage register Transfer counter

Block transfer mode

Block transfer counter

* . Undefined
Note: Not used in normal mode.
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DMAWER—DMA Write Enable Register H'FFOO0 DMAC

Bit
DMAWER

Initial value :
Read/Write :

400

7 6 4 3 2 1 0
| — | — | — | — | WE1B | WE1A | WEOB | WEOA |
0 0 0 0 0 0 0

R/W R/W R/W

B/\%

Write Enable 1B

Write Enable 0A

0 | Writes to all bits in DMACROA,
and bits 8, 4, and 0 in DMABCR
are disabled

1 | Writes to all bits in DMACROA,
and bits 8, 4, and 0 in DMABCR
are enabled

Write Enable 0B

0 | Writes to all bits in DMACROB, bits 9,
5,and 1 in DMABCR, and bit 4 in
DMATCR are disabled

1 | Writes to all bits in DMACROB, bits 9,
5, and 1 in DMABCR, and bit 4 in
DMATCR are enabled

Write Enable 1A

0

Writes to all bits in DMACR1A, and bits
10, 6, and 2 in DMABCR are disabled

Writes to all bits in DMACR1A, and bits
10, 6, and 2 in DMABCR are enabled

0

Writes to all bits in DMACR1B, bits 11, 7, and 3 in
DMABCR, and bit 5 in DMATCR are disabled

Writes to all bits in DMACR1B, bits 11, 7, and 3 in
DMABCR, and bit 5 in DMATCR are enabled
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Bit
DMATCR

Initial value :
Read/Write :

DMATCR—DMA Terminal Control Register H'FFO1 DMAC
7 5 4 3 2 1 0
— TEE1 TEEO — — — —
0 0 0 0 0 0 0
— R/W R/W — — — —
Transfer End Enable O
0 | TENDg pin output disabled
1 | TENDq pin output enabled
Transfer End Enable 1
0 | TEND; pin output disabled
1 | TEND, pin output enabled
401

HITACHI



DMACROA—DMA Control Register 0A H'FF02

DMACROB—DMA Control Register 0B H'FFO3
DMACR1IA—DMA Control Register 1A H'FF04
DMACR1B—DMA Control Register 1B H'FF05

Full address mode

Bit : 15 14 13 12 11 10 9 8
DMACRA : | DTSz | SAID | SAIDE | BLKDIR| BLKE | — | — | — |
Initial value : 0 0 0 0 0 0 0 0

ReadWrite : RW RW RW RW RW RW RW RW

Block Direction/Block Enable

DMAC
DMAC
DMAC
DMAC

0 0 | Transfer in normal mode

Transfer in block transfer mode, destination side is block area

1
1 0 | Transfer in normal mode
1

Transfer in block transfer mode, source side is block area

Source Address Increment/Decrement

0 | 0 | MARAs fixed

1 | MARA is incremented after a data transfer
1 0 | MARA is fixed
1

MARA is decremented after a data transfer

Data Transfer Size

0 | Byte-size transfer

1 | Word-size transfer
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Full address mode (cont)

Bit
DMACRB

Initial value :
Read/Write :

: 7 6 5 4 3 2 1 0
: | — | DAID | DAIDE | — | DTF3 | DTF2 | DTF1 | DTFO |
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Data Transfer Factor
D;F DgF DIF DgF Block Transfer Mode Normal Mode
0,00 |0| — —
1 | Activated by A/D converter conversion —
end interrupt
: f ; ; Activated by DREQ
1 | O | Activated by DREQ pin falling edge input oin falling edge input
; PREO ni " f Activated by DREQ
1 | Activated by DREQ pin low-level input pin low-levél input
Activated by SCI channel O transmission
1100 complete interrupt -
1 Activated by SCI channel 0 reception
complete interrupt -
Activated by SCI channel 1 transmission | Auto-request (cycle
110 complete interrupt steal)
Activated by SCI channel 1 reception
1 complete in){errupt P Auto-request (burst)
110lo0lo Activated by TPU channel 0 compare
match/input capture A interrupt -
1 Activated by TPU channel 1 compare
match/input capture A interrupt -
Activated by TPU channel 2 compare
10 match/input capture A interrupt -
1 Activated by TPU channel 3 compare
match/input capture A interrupt -
Activated by TPU channel 4 compare
1100 match/input capture A interrupt -
1 Activated by TPU channel 5 compare
match/input capture A interrupt -
1,0 |— —
1| — —

Destination Address Increment/Decrement

MARB is decremented after a data transfer

0 0 | MARB is fixed

1 | MARB is incremented after a data transfer
1 0 | MARB is fixed

1
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Short address mode

Bit : 7 6 5 4 3 2 1 0
DMACR :| DTSz | DTID | RPE | DTDIR | DTF3 | DTF2 | DTF1 | DTFO |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Data Transfer Direction

Data Transfer Factor

Channel A Channel B

0

Dual address mode: Transfer with
MAR as source address and IOAR
as destination address

Single address mode: Transfer with
MAR as source address and DACK
pin as write strobe

Dual address mode: Transfer with
I0AR as source address and MAR
as destination address

Single address mode: Transfer with
DACK pin as read strobe and MAR
as destination address

Repeat Enable

0 | Transfer in sequential mode

1 | Transfer in repeat mode or idle mode

Activated by A/D converter conversion
end interrupt

— Activated by DREQ pin
falling edge input

— Activated by DREQ pin
low-level input

Activated by SCI channel 0 transmission
complete interrupt

Activated by SCI channel O reception
complete interrupt

Activated by SCI channel 1 transmission
complete interrupt

Activated by SCI channel 1 reception
complete interrupt

Data Transfer Increment/Decrement

0 | MAR is incremented after a data transfer

1 | MAR is decremented after a data transfer

Data Transfer Size

0 | Byte-size transfer
1 | Word-size transfer
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Activated by TPU channel 0 compare
match/input capture A interrupt

Activated by TPU channel 1 compare
match/input capture A interrupt

Activated by TPU channel 2 compare
match/input capture A interrupt

Activated by TPU channel 3 compare
match/input capture A interrupt

Activated by TPU channel 4 compare
match/input capture A interrupt

Activated by TPU channel 5 compare
match/input capture A interrupt
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DMABCRH — DMA Band Control Register H'FF06

DMAC
DMABCRL — DMA Band Control Register H'FFO7

DMAC
Full address mode

Bit : 15 14 13 12 11 10 9

8
DMABCRH : | FAE1 | FAEO | — | —_ | DTAl1 | — | DTAO | — |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/IW R/W RIW RIW R/IW R/W R/W R/W
T

Channel 0 Data Transfer Acknowledge

0 Clearing of selected internal interrupt source at time of
DMA transfer is disabled

1 Clearing of selected internal interrupt source at time of
DMA transfer is enabled

Channel 1 Data Transfer Acknowledge

0 | Clearing of selected internal interrupt source at time of
DMA transfer is disabled

1 Clearing of selected internal interrupt source at time of
DMA transfer is enabled

Channel 0 Full Address Enable

0 Short address mode

1 Full address mode

Channel 1 Full Address Enable

0 Short address mode

1 Full address mode

(Continued on next page)
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Full address mode (cont)

Bit : 7 6 5 4 3 2 1 0
DMABCRL : | DTME1 | DTE1 | DTMEOQO | DTEO | DTIE1B | DTIE1A | DTIEOB | DTIEOA |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
\
Channel 0 Data Transfer
Interrupt Enable A
0 | Transfer end interrupt disabled
1 | Transfer end interrupt enabled
Channel 0 Data Transfer Interrupt
Enable B
0 | Transfer suspended interrupt disabled
1 | Transfer suspended interrupt enabled
Channel 1 Data Transfer
Interrupt Enable A
0 | Transfer end interrupt disabled
1 | Transfer end interrupt enabled
Channel 1 Data Transfer Interrupt
Enable B
0 | Transfer suspended interrupt disabled
1 | Transfer suspended interrupt enabled
Channel 0 Data Transfer Enable
0 Data transfer disabled
1 Data transfer enabled
Channel 0 Data Transfer Master Enable
0 | Data transfer disabled. In burst mode,
cleared to 0 by an NMI interrupt
1 | Data transfer enabled
Channel 1 Data Transfer Enable
0 | Data transfer disabled
1 Data transfer enabled
Channel 1 Data Transfer Master Enable
0 Data transfer disabled. In burst mode,
cleared to 0 by an NMI interrupt
1 | Data transfer enabled
(Continued on next page)
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Short address mode

Bit : 15 14 13 12 11 10

DMABCRH : | FAE1 | FAEOQ | SAE1l | SAEO | DTA1B | DTA1A | DTAOB | DTAOA |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Channel OA Data Transfer Acknowledge

0 Clearing of selected internal interrupt
source at time of DMA transfer is
disabled

1 Clearing of selected internal
interrupt source at time of DMA
transfer is enabled

Channel OB Data Transfer Acknowledge

0 Clearing of selected internal interrupt source
at time of DMA transfer is disabled

1 Clearing of selected internal interrupt
source at time of DMA transfer is enabled

Channel 1A Data Transfer Acknowledge

0 Clearing of selected internal interrupt source
at time of DMA transfer is disabled

1 Clearing of selected internal interrupt
source at time of DMA transfer is enabled

Channel 1B Data Transfer Acknowledge

0 Clearing of selected internal interrupt
source at time of DMA transfer is disabled

1 Clearing of selected internal interrupt
source at time of DMA transfer is enabled

Channel OB Single Address Enable

0 Transfer in dual address mode

1 | Transfer in single address mode

Channel 1B Single Address Enable

0 | Transfer in dual address mode

1 Transfer in single address mode

Channel 0 Full Address Enable

0 Short address mode

1 Full address mode

Channel 1 Full Address Enable

0 Short address mode

1 Full address mode

(Continued on next page)

407
HITACHI



Short address mode (cont)

Bit : 4 3 0
DMABCRL : | DTE1B | DTE1A | DTEOB | DTEOA | DTIE1B | DTIE1A | DTIEOB | DTIEOA |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/IW R/W R/W R/W R/W R/W R/W R/W

Channel OA Data Transfer
Interrupt Enable

0

Transfer end interrupt disabled

1

Transfer end interrupt enabled

Channel OB Data Transfer
Interrupt Enable

0 | Transfer end interrupt disabled

1 | Transfer end interrupt enabled

Channel 1A Data Transfer Interrupt
Enable

0

Transfer end interrupt disabled

1

Transfer end interrupt enabled

Enable

Channel 1B Data Transfer Interrupt

0 | Transfer end interrupt disabled

1 | Transfer end interrupt enabled

Channel OA Data Transfer Enable

0 | Data transfer dis

abled

1 | Data transfer enabled

Channel OB Data Transfer Enable

0

Data transfer disabled

1

Data transfer enabled

Channel 1A Data Transfer Enable

0

Data transfer disabled

1

Data transfer enabled

Channel 1B Data Transfer Enable

0

Data transfer disabled

1

Data transfer enabled
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ISCRH — IRQ Sense Control Register H H'FF2C Interrupt Controller

ISCRL — IRQ Sense Control Register L H'FF2D Interrupt Controller
ISCRH
Bit ; 15 14 13 12 11 10 9 8
| IRQ7SCB | |RQ7SCA| |RQ6SCB| IRQ6$CA| IRQ5SCB | IRQ5SCA | IRQ4SCB| IRQ4SCA |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW RIW R/W R/W RIW R/W R/W RIW

IRQ7 to IRQ4 Sense Control

ISCRL
Bit : 7 6 5 4 3 2 1 0

| IRQ3$CB| IRQ3SCA| IRQZSCB| IRQ28CA| IRQ1SCB | IRQ1SCA | IRQOSCB| IRQOSCA|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

IRQ3 to IRQO Sense Control

IRQNSCB |IRQNSCA Interrupt Request Generation
0 0 IRQ, input low level
1 Falling edge of IRQ,, input
1 0 Rising edge of IRQ,, input
1 Both falling and rising edges of IRQ, input

(n=7t00)
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|ER—IRQ Enable Register H'FF2E Interrupt Controller
Bit : 7 6 5 4 3 2 1 0
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQLE | IRQOE
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
IRQn Enable
0 | IRQn interrupt disabled
1 | IRQn interrupt enabled
(n=7100)
| SR—IRQ Status Register H'FF2F Interrupt Controller
Bit : 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQLF | IRQOF
Initial value : 0 0 0 0 0 0 0 0
Read/Write:  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*

Indicate the status of IRQ7 to IRQO interrupt requests

Note: * Can only be written with O for flag clearing.
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DTCERA to DTCERF—DTC Enable Registers H'FF30to H'FF35 DTC
Bit 7 6 5 4 3 1 0
DTCE7 | DTCE6 | DTCES5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO
Initial value : 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

\
DTC Activation Enable

[Clearing conditions]

0 | DTC activation by this interrupt is disabled

* When the DISEL bit is 1 and data transfer has ended
» When the specified number of transfers have ended

[Holding condition]

transfers have not ended

1 | DTC activation by this interrupt is enabled

When the DISEL bit is 0 and the specified number of

Correspondence between Interrupt Sourcesand DTCER

Bits
Register 7 6 5 4 3 2 1 0
DTCERA IRQO IRQ1 IRQ2 IRQ3 IRQ4 IRQ5 IRQ6 IRQ7
DTCERB — ADI TGIOA TGIOB TGIOC TGIOD  TGI1A TGI1B
DTCERC TGI2A TGI2B TGI3A TGI3B TGI3C TGI3D TGI4A TGl4B
DTCERD — — TGI5A TGI5B CMIA0O CMIBO CMIA1 CMIB1
DTCERE DMTENDOA DMTENDOB DMTEND1A DMTEND1B RXIO TXIO RXI1 TXI1
DTCERF RXI2 TXI2 — — — — — —

Note: For DTCE bit setting, read/write operations must be performed using bit-manipulation
instructions such as BSET and BCLR. For the initial setting only, however, when multiple
activation sources are set at one time, it is possible to disable interrupts and write after
executing a dummy read on the relevant register.
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DTVECR—DTC Vector Register H'FF37 DTC

Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6|DTVEC5|DTVEC4|DTVEC3|DTVEC2 |DTVEC1|DTVECO
Initial value : 0 0 0 0 0 0 0 0

Read/Write:  RMW  RIW)* R/W)* RIW)* RIW)* R/W)* RIW)* R/(W)*

Sets vector number for DTC software activation

DTC Software Activation Enable

0 | DTC software activation is disabled

[Clearing conditions]

* When the DISEL bit is 0 and the specified number of transfers have
not ended

« When SWDTEND is requested to the CPU, then 0 is written to the
SWDTE bit

1 | DTC software activation is enabled

[Holding conditions]

* When the DISEL bit is 1 and data transfer has ended
« When the specified number of transfers have ended
« During data transfer due to software activation

Note: * DTVECS6 to DTVEC 0 bits can be written to when SWDTE = 0.
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SBY CR—Standby Control Register H'FF38 Power-Down State

Bit

Initial value :

L7 6 5 4 3 2 1 0
| SSBY | STS2 | STS1 | STSO | OPE | — | — |IRQ37S|
0 0 0 0 1 0 0 0
RW RW RW RW RW — — RIW

Read/Write :

I

IRQ37 Software Standby Clear Select

0 | IRQ; to IRQ; cannot be used as software
standby mode clearing sources

1 | IRQ;to IRQy can be used as software
standby mode clearing sources

QOutput Port Enable

0 | In software standby mode, address bus and
bus control signals are high-impedance

1 | In software standby mode, address bus and
bus control signals retain output state

Standby Timer Select

0 | 0 | 0 | Standby time = 8192 states

Standby time = 16384 states

Standby time = 32768 states
Standby time = 65536 states

Standby time = 262144 states

Reserved

1
0
1
1| 0 | 0 | Standby time = 131072 states
1
0
1

Standby time = 16 states

Software Standby

0

Transition to sleep mode after execution of SLEEP instruction

1

Transition to software standby mode after execution of SLEEP instruction
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SYSCR—System Control Register

H'FF39

3 2 1 0

| — | — | INTM1 | INTMO | NMIEG |LWROD|IRQPAS| RAME |

Bit : 7 6 5 4
Initial value : 0 0 0 0
Read/Write : R/W — R/W R/W

mw_ R

0 0 0 1
R/W R/IW R/W R/W

- |

RAM Enable

0 | On-chip RAM disabled

1 | On-chip RAM enabled

IRQ Port Switching Select

0 | IRQ4 to IRQ; can be input
from PA, to PA;

1 | IRQ,4 to IRQ; can be input
from P54 to P55

Note: TRQ, to TRQ; input is always
performed from only one of
the ports.

LWR Output Disable

0 | PR3 is designated as LWR output pin

1 | PF;is designated as I/O port, and
does not function as LWR output pin

NMI Input Edge Select

0

Falling edge

1

Rising edge

Interrupt Control Mode Selection

Interrupt control mode O

Setting prohibited

Interrupt control mode 2

0|0
1
1/0
1

Setting prohibited

Reserved

Only 0 should be written to this bit
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SCK CR—System Clock Control Register H'FF3A Clock Pulse Generator
Bit : 7 6 5 4 3 2 1 0
| PSTOP | — | DIV | — | — | SCK2 | SCK1 | SCKO |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W — — R/W R/W R/IW
Division
Ratio
Select
Reserved
Only 0 should be
written to this bit
System Clock Select
DIV=0 DiVv=1
0 | O Bus master is in high-speed mode| Bus master is in high-speed mode
1 Medium-speed clock is g/2 Clock supplied to entire chip is @/2
1 | 0 Medium-speed clock is g/4 Clock supplied to entire chip is g/4
1 Medium-speed clock is 2/8 Clock supplied to entire chip is 2/8
0 | 0 Medium-speed clock is g/16 —
1 Medium-speed clock is 2/32 —
1| — — _

@ Clock Output Control

. Software Hardware
PSTOP | Normal Operation Sleep Mode Standby Mode Standby Mode
0 @ output @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance
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MDCR—M ode Control Register H'FF3B MCU

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — | — | MDS2 | MDS1 | MDSO0 |
Initial value : 1 0 0 0 0 —* —* —*
Read/Write : — — — — — R R R

Current mode pin operating mode

Note: * Determined by pins MD, to MDg

MSTPCRH — Module Stop Control Register H H'FF3C Power-Down State
MSTPCRL — Module Stop Control Register L H'FF3D Power-Down State
MSTPCRH MSTPCRL
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : 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

Specifies module stop mode

0 | Module stop mode cleared
1 | Module stop mode set
MSTP Bits and On-Chip Supporting Modules
Register Bits Module

MSTPCRH | MSTP15 DMAC
MSTP14 DTC
MSTP13 TPU
MSTP12 8-bit timer
MSTP11 PPG
MSTP10 D/A
MSTP9 A/D
MSTP8 —

MSTPCRL MSTP7 SCI2
MSTP6 SCi1
MSTP5 SCI0
MSTP4 —
MSTP3 —
MSTP2 —
MSTP1 —
MSTPO —
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SYSCR2—System Control Register 2

H'FF42 MCU
(Valid only in F-ZTAT version)
Bit 7 6 5 4 3 2 1 0
— — — FLSHE — —
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — — R/W

Flash Memory Control Register Enable

0 | Flash memory control register is not selected
1 | Flash memory control register is selected
Reserved Register H'FF44
Bit 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W
Reserved

Only 0 should be written to these bits
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PFCR1—Port Function Control Register 1 H'FF45

Bit : 7 6 5 4 3 2 1 0
— — — — A23E A22E A21E A20E

Initial value : 0 0 0 0 1 1 1 1

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Address 20 Output Enable*

0 | PA4DR is output when PA4DDR =1

1 | Aygis output when PA4DDR =1

Address 21 Output Enable*
0 | PA5DR is output when PASDDR =1
1 | Ay, is output when PASDDR =1

Address 22 Output Enable*
0 | PA6DR is output when PA6DDR =1
1| Ay, is output when PA6DDR =1

Address 23 Output Enable*
0 | PA7DR is output when PA7DDR =1
1 | Ayzis output when PA7DDR =1

Note: * Valid only in modes 4 to 6.

Reserved
Only 0 should be written to these bits
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PCR—PPG Output Control Register H'FF46 PPG

Bit : 7 6 5 4 3 2 1 0
|GSCM81| GSCMSO| G2CMSl| GZCMSO|GlCMSl|G1CMSO | GOCMSl|GOCMSO|
Initial value : 1 1 1 1 1 1 1 1

Read/Write : R/W RIW R/W R/W R/W R/W R/W R/W

Output Trigger for Pulse Output Group 0

0 | O | Compare match in TPU channel 0

Compare match in TPU channel 1

1
1 | 0 | Compare match in TPU channel 2
1

Compare match in TPU channel 3

Output Trigger for Pulse Output Group 1

0 | 0 | Compare match in TPU channel O
1 | Compare match in TPU channel 1
1 | 0 | Compare match in TPU channel 2
1 | Compare match in TPU channel 3

Output Trigger for Pulse Output Group 2

0 | 0 |Compare match in TPU channel 0

Compare match in TPU channel 1

1
1 | 0 |Compare match in TPU channel 2
1

Compare match in TPU channel 3

Output Trigger for Pulse Output Group 3

0 | 0 | Compare match in TPU channel O

Compare match in TPU channel 1

1
1 | 0 | Compare matchin TPU channel 2
1

Compare match in TPU channel 3
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PMR—PPG Output Mode Register H'FF47 PPG

Bit : 7 6 5 4 3 2 1 0
G3INV | G2INV | G1lINV | GOINV | G3NOV | G2NOV | GINOV | GONOV

Initial value : 1 1 1 1 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Pulse Output Group n Normal/Non-Overlap
Operation Select

0 | Normal operation in pulse output group n (output
values updated at compare match A in the selected
TPU channel)

1 | Non-overlapping operation in pulse output group n
(independent 1 and 0 output at compare match A
or B in the selected TPU channel)

(n=31t00)

Pulse Output Group n Direct/Inverse Output

0 | Inverse output for pulse output group n
(low-level output at pin for a 1 in PODRH)

1 | Direct output for pulse output group n
(high-level output at pin for a 1 in PODRH)

(n=3100)
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NDERH — Next Data Enable Register H H'FF48 PPG

NDERL — Next Data Enable Register L H'FF49 PPG
NDERH
Bit : 7 6 5 4 3 2 1 0
NDER15| NDER14|NDER13|NDER12|NDER11|NDER10| NDER9 | NDERS8
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Pulse Output Enable/Disable

0 | Pulse outputs PO;5 to POg are disabled

1 | Pulse outputs PO45 to POg are enabled

NDERL

Bit : 7 6 5 4 3 2 1 0
NDER7 | NDER6 | NDER5 | NDER4 | NDER3 | NDER2 | NDER1 | NDERO

Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/IW R/W RIW R/W RIW RIW R/W

Pulse Output Enable/Disable

0 | Pulse outputs PO to PO are disabled

1 | Pulse outputs PO to POy are enabled
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PODRH — Output Data Register H
PODRL — Output Data Register L

PODRH

Bit

Initial value :
Read/Write :

PODRL

Bit

Initial value :
Read/Write :

H'FF4A PPG
H'FF4B PPG
7 6 5 4 3 2 1 0
POD15 | POD14 | POD13 | POD12 | POD11 | POD10 | POD9 | POD8
0 0 0 0 0 0 0 0
RI(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/I(W)*
Stores output data for use in pulse output
7 6 5 4 3 2 1 0
POD7 POD6 | POD5 | POD4 | POD3 | POD2 | POD1 | PODO
0 0 0 0 0 0 0 0
RI(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/I(W)*

Stores output data for use in pulse output

Note: * A bit that has been set for pulse output by NDER is read-only.
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NDRH—Next Data Register H H'FFAC (FF4E) PPG

(1) When pulse output group output triggers are the same

(a) Address: H'FF4C

Bit : 7 6 5 4 3 2 1 0
| NDR15 | NDR14| NDR13 | NDR12 | NDR11 | NDR10 | NDR9 | NDR8 |
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
\

Stores the next data for pulse output groups 3 and 2

(b) Address: H'FF4E

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : — — — — — _ _ _

(2) When pulse output group output triggers are different

(a) Address: H'FF4C

Bit : 7 6 5 4 3 2 1 0

NDR15 | NDR14 | NDR13 | NDR12 — — — —
Initial value : 0 0 0 0 1 1 1 1
Read/Write : R/W R/W R/W R/W — — — —

Stores the next data for pulse output group 3

(b) Address: H'FF4E

Bit : 7 6 5 4 3 2 1 0

| — | — | — | — | NDR11 | NDR10 | NDR9 | NDR8 |
Initial value : 1 1 1 1 0 0 0 0
Read/Write : — — — — R/W R/IW R/W R/W

Stores the next data for pulse output group 2
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NDRL—Next Data Register L H'FF4D (FF4F) PPG
(1) When pulse output group output triggers are the same
(a) Address: H'FF4D
Bit 7 6 5 4 3 2 1 0
NDR7 NDR6 | NDR5 | NDR4 | NDR3 | NDR2 NDR1 | NDRO
Initial value : 0 0 0 0 0 0 0 0
Read/Write :  R/wW RIW R/W R/W RIW RIW RIW RIW
\
Stores the next data for pulse output groups 1 and 0
(b) Address: H'FF4F
Bit 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : — — — — — — — —
(2) When pulse output group output triggers are different
(a) Address: H'FF4D
Bit 7 6 5 4 3 2 1 0
NDR7 NDR6 | NDR5 | NDR4 — — — —
Initial value : 0 0 0 0 1 1 1 1
Read/Write :  R/W R/W R/W R/W — — — —
\
Stores the next data for pulse output group 1
(b) Address: H'FF4F
Bit : 7 6 5 4 3 2 1 0
| — — — | — | NDR3 | NDR2 | NDR1 | NDRO |
Initial value : 1 1 1 1 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W
Stores the next data for pulse output group 0
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PORT1—Port 1 Register H'FF50 Port 1
Bit : 7 6 5 4 3 2 1 0
P17 P16 P15 P14 P13 P12 P11 P10
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port 1 pins
Note: * Determined by the state of pins P1; to P1,.
PORT2—Port 2 Register H'FF51 Port 2
Bit : 7 6 5 4 3 2 1 0
P27 P26 P25 P24 P23 P22 P21 P20
Initial value : —* —* _* —* _* _* _x _x
Read/Write : R R R R R R R R
State of port 2 pins
Note: * Determined by the state of pins P2; to P2,.
PORT3—Port 3 Register H'FF52 Port 3
Bit : 7 6 5 4 3 2 1 0
— — P35 P34 P33 P32 P31 P30
Initial value : Undefined Undefined —* —* —* —* —* —*
Read/Write : — — R R R R R R
State of port 3 pins
Note: * Determined by the state of pins P35 to P3,.
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PORT4—Port 4 Register H'FF53 Port 4
Bit : 7 6 5 4 3 2 1 0
P47 P46 P45 P44 P43 P42 P41 P40
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port 4 pins
Note: * Determined by the state of pins P4 to P4,.
PORT5—Port 5 Register H'FF54 Port 5
Bit : 7 6 5 4 3 2 1 0
— — — — P53 P52 P51 P50
Initial value : — —* —* —* — —* —* —
Read/Write : R R R R R R R R
State of port 5 pins
Note: * Determined by the state of pins P53 to P5q.
PORT6—Port 6 Register H'FF55 Port 6
Bit : 7 6 5 4 3 2 1 0
P67 P66 P65 P64 P63 P62 P61 P60
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R

State of port 6 pins

Note: * Determined by the state of pins P6; to P6q.

426
HITACHI



PORTA—Port A Register H'FF59 Port A
Bit : 7 6 5 4 3 2 1 0
PA7 PAG PA5 PA4 PA3 PA2 PAl PAO
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port A pins
Note: * Determined by the state of pins PA7 to PA,.
PORTB—Port B Register H'FF5A Port B
Bit : 7 6 5 4 3 2 1 0
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
Initial value : —* —* = _* _x _x _x _x
Read/Write : R R R R R R R R
State of port B pins
Note: * Determined by the state of pins PB- to PBy.
PORTC—Port C Register H'FF5B Port C
Bit : 7 6 5 4 3 2 1 0
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port C pins
Note: * Determined by the state of pins PC to PCy.
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PORTD—Port D Register H'FF5C Port D
Bit : 7 6 5 4 3 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port D pins
Note: * Determined by the state of pins PD; to PDy.
PORTE—Port E Register H'FF5D Port E
Bit : 7 6 5 4 3 2 1 0
PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
Initial value : —* —* —* —* —* —* —* —*
Read/Write : R R R R R R R R
State of port E pins
Note: * Determined by the state of pins PE; to PEg.
PORTF—Port F Register H'FF5E Port F
Bit : 7 6 5 4 3 2 1 0
PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
Initial value : —x —* —x —x —* —x —x —*
Read/Write : R R R R R R R R

State of port F pins

Note: * Determined by the state of pins PF; to PF.
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PORTG—Port G Register H'FF5F Port G

Bit : 7 6 5 4 3 2 1 0
— — — PG4 PG3 PG2 PG1 PGO

Initial value : Undefined Undefined Undefined = —* —* —* —* —*

Read/Write : — — — R R R R R

State of port G pins

Note: * Determined by the state of pins PG4 to PGy,

P1DR—Port 1 Data Register H'FF60 Port 1
Bit : 7 6 5 4 3 2 1 0
P17DR | P16DR | P15DR | P14DR | P13DR | P12DR | P11DR | P10DR
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 1 pins (P17 to P1g)

P2DR—Port 2 Data Register H'FF61 Port 2
Bit : 7 6 5 4 3 2 1 0
P27DR | P26DR | P25DR | P24DR | P23DR | P22DR | P21DR | P20DR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 2 pins (P27 to P2y)
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P3DR—Port 3 Data Register H'FF62 Port 3

Bit : 7 6 5 4 3 2 1 0
— — P35DR | P34DR | P33DR | P32DR | P31DR | P30DR

Initial value : Undefined Undefined 0 0 0 0 0 0

Read/Write : — — R/W R/W R/W R/W R/W R/W

Stores output data for port 3 pins (P3s to P3)

P5DR—Port 5 Data Register H'FF64 Port 5
Bit : 7 6 5 4 3 2 1 0
| — | — | — | — | P53DR | P52DR | P51DR | P50DR |
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
Read/Write : — — — — R/W R/W R/W R/W

Stores output data for port 5 pins (P53 to P5g)

P6DR—Port 6 Data Register H'FF65 Port 6
Bit : 7 6 5 4 3 2 1 0
P67DR | P66DR | P65DR | P64DR | P63DR | P62DR | P61DR | P60DR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port 6 pins (P6- to P6g)
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PADR—Port A Data Register H'FF69 Port A

Bit : 7 6 5 4 3 2 1 0
PA7DR | PA6DR | PASDR | PA4DR | PA3SDR | PA2DR | PA1DR | PAODR
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port A pins (PA7 to PAg)

PBDR—Port B Data Register H'FF6A Port B
Bit : 7 6 5 4 3 2 1 0
PB7DR | PB6DR | PB5DR | PB4DR | PB3DR | PB2DR | PB1DR | PBODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port B pins (PB to PByg)

PCDR—Port C Data Register H'FF6B Port C
Bit : 7 6 5 4 3 2 1 0
PC7DR | PC6DR | PC5DR | PC4DR | PC3DR | PC2DR | PC1DR | PCODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port C pins (PC to PCy)
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PDDR—Port D Data Register H'FF6C Port D

Bit : 7 6 5 4 3 2 1 0
PD7DR | PD6DR | PD5DR | PD4DR | PD3DR | PD2DR | PD1DR | PDODR

Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port D pins (PD; to PDy)

PEDR—Port E Data Register H'FF6D Port E
Bit : 7 6 5 4 3 2 1 0
PE7DR | PE6DR | PESDR | PE4ADR | PE3DR | PE2DR | PE1DR | PEODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/IW R/W R/W R/W R/W R/W R/IW R/W

Stores output data for port E pins (PE; to PEy)

PFDR—Port F Data Register H'FF6E Port F
Bit : 7 6 5 4 3 2 1 0
PF7DR | PF6DR | PF5DR | PF4ADR | PF3DR | PF2DR | PF1DR | PFODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for port F pins (PF; to PFg)
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PGDR—Port G Data Register H'FF6F Port G

Bit . 7 6 5 4 3 2 1 0
— — — PG4DR | PG3DR | PG2DR | PG1DR | PGODR

Initial value : Undefined Undefined Undefined 0 0 0 0 0

Read/Write : — — — R/W R/W R/W R/W R/W

Stores output data for port G pins (PG4 to PGy)

PAPCR—Port A MOS Pull-Up Control Register H'FF70 Port A
Bit : 7 6 5 4 3 2 1 0
|PA7PCR| PA6PCR| PA5PCR| PA4PCR| PA3PCR|PA2PCR | PAlPCR| PAOPCR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function incorporated into port A on a bit-by-bit basis

PBPCR—Port B MOS Pull-Up Control Register H'FF71 Port B
Bit : 7 6 5 4 3 2 1 0
|PB7PCR| PBGPCR| PB5PCR| PB4PCR| PB3PCR|PBZPCR | PBlPCR| PBOPCR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function incorporated into port B on a bit-by-bit basis
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PCPCR—Port C MOS Pull-Up Control Register H'FF72 Port C

Bit : 7 6 5 4 3 2 1 0
|PC7PCR| PC6PCR| PC5PCR| PC4PCR|PC3PCR|PC2PCR | PClPCR|PCOPCR|

Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function incorporated into port C on a bit-by-bit basis

PDPCR—Port D MOS Pull-Up Control Register H'FF73 Port D
Bit : 7 6 5 4 3 2 1 0
|PD7PCR| PDGPCR| PD5PCR| PD4PCR|PD3PCR|PD2PCR|PDlPCR|PDOPCR|
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/IW R/IW R/IW R/IW R/IW R/IW R/IW

Controls the MOS input pull-up function incorporated into port D on a bit-by-bit basis

PEPCR—Port E MOS Pull-Up Control Register H'FF74 Port E
Bit : 7 6 5 4 3 2 1 0
|PE7PCR| PE6PCR| PESPCR| PE4PCR| PE3PCR|PE2PCR | PElPCR|PEOPCR|
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW RIW RIW RIW RIW RIW RIW RIW

Controls the MOS input pull-up function incorporated into port E on a bit-by-bit basis
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P30ODR—Port 3 Open Drain Control Register H'FF76 Port 3

Bit . 7 6 5 4 3 2 1 0
— — P350DR|P340DR|P330DR|P320DR |P310DR|{P300DR

Initial value : Undefined Undefined 0 0 0 0 0 0

Read/Write : — — R/W R/W R/W R/W R/W R/W

Controls the PMOS on/off status for each port 3 pin (P35 to P3p)

PAODR—Port A Open Drain Control Register H'FF77 Port A
Bit : 7 6 5 4 3 2 1 0
PA7ODR|PAG6ODR|PASODR|PA40ODR|PA3ODR|PA20DR|PA1ODR|PAOODR
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Controls the PMOS on/off status for each port A pin (PA;to PAg)
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SMRO—Serial Mode Register 0

Bit

Initial value :
Read/Write :

436

H'FF78 SCIO0
7 6 5 4 3 2 1 0
C/A CHR PE O/E | STOP MP CKS1 | CKSO
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select
0 | 0 | @clock
1 | @/4 clock
1 | 0 | a9/16 clock
1 | 9/64 clock

Multiprocessor Mode

disabled

0 | Multiprocessor function

selected

1 | Multiprocessor format

Stop Bit Length
0 | 1 stop bit
1 | 2 stop bits

Parity Mode

0 | Even parity
1 | Odd parity

Parity Enable

0

Parity bit addition and checking disabled

1

Parity bit addition and checking enabled

Character Length

0 8-bit data

1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7)
of TDR is not transmitted.

Asynchronous Mode/Synchronous Mode Select

0

Asynchronous mode

1

Synchronous mode
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SMRO—Serial Mode Register 0 H'FF78 Smart Card Interface 0

Bit : 7 6 5 4 3 2 1 0
| GM | BLK | PE | O/E | BCP1 | BCPO | CKS1 | CKSO0 |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select

0 | 0 | gclock

1 | @/4 clock
1| O | @/16 clock
1 | 2/64 clock
Base Clock Pulse
BCP1/ BCPO| Base Clock Pulse
0 0 32 clocks
1 64 clocks
1 0 372 clocks
1 256 clocks

Parity Mode

0 | Even parity
1 | Odd parity

Parity Enable
(Set to 1 when using the smart card interface)

0 | Setting prohibited

1 | Parity bit addition and checking enabled

Block Transfer Mode Select

0 Normal smart card interface mode

1 Block transfer mode

GSM Mode

0 | Normal smart card interface mode operation
« TEND flag generated 12.5 etu (11.5 etu in block transfer mode) after beginning of start bit
» Clock output on/off control only

1 | GSM mode smart card interface mode operation
* TEND flag generated 11.0 etu after beginning of start bit
« Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control

Note: etu (Elementary Time Unit): Interval for transfer of one bit
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BRRO—BIt Rate Register 0 H'FF79  SCIO, Smart Card Interface O

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the serial transfer bit rate

Note: For details, see section 11.2.8, Bit Rate Register (BRR), in the Hardware Manual.
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SCRO—Serial Control Register 0

Bit

Initial value :
Read/Write :

H'FF7A SCI0

7 6 5 4 3 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
0 0 0 0 0 0 0

R/W R/IW R/IW R/W R/W R/W R/W R/W

Clock Enable
0 | 0 | Asynchronous | Internal clock/SCK pin functions
mode as I/0 port
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | Asynchronous | Internal clock/SCK pin functions
mode as clock output*1
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | 0 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
1 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input

Notes: 1. Outputs a clock of the same frequency as the bit rate.
2. Inputs a clock with a frequency 16 times the bit rate.

Transmit End Interrupt Enable

0 | Transmit-end interrupt (TEI) request disabled

1 | Transmit-end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0

Multiprocessor interrupts disabled
[Clearing conditions]

* When the MPIE bit is cleared to 0

* When data with MPB = 1 is received

Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1

is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request disabled

1 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request enabled

Transmit Interrupt Enable

0

Transmit-data-empty interrupt (TXI) request disabled

1

Transmit-data-empty interrupt (TXI) request enabled
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SCRO—Serial Control Register 0 H'FF7A Smart Card Interface0

Bit : 7 6 5 4 3 2 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/IW R/IW RIW RIW R/IW R/IW R/W RIW

Clock Enable
(When bit 7 of SMR is set to 1 in smart card interface mode)

SCMR | SMR SCR setting
SMIF |[C/A,GM| CKE1 | CKEO

SCK pin function

0 See SCI specification
1 0 0 0 Operates as port 110
pin
1 0 0 1 Clock output as SCK
output pin
Fixed-low output as
1 1 0 0 f
SCK output pin
1 1 0 1 Clock output as SCK
output pin
Fixed-high output as
1 1 1
0 SCK output pin
1 1 1 1 Clock output as SCK
output pin

Transmit End Interrupt Enable
0 | Transmit-end interrupt (TEI) request disabled

1 | Transmit-end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

* When the MPIE bit is cleared to 0

« When data with MPB = 1 is received

1 | Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request disabled

1 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit-data-empty interrupt (TXI) request disabled

1 | Transmit-data-empty interrupt (TXI) request enabled
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TDRO—Transmit Data Register O H'FF7B  SCIO, Smart Card Interface 0

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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SSRO—Serial Status Register 0 H'FF7C
Bit : 7 6 1 0
| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value : 1 0 0 0 0 1 0 0
Read/Write :  RAW)* RIW)* R/IW)* RIW)* R(W)* R R RIW
Multiprocessor Bit Transfer
0 | Data with a 0 multiprocessor bit is transmitted
1 | Data with a 1 multiprocessor bit is transmitted
Multiprocessor Bit
0 | [Clearing condition]
When data with a 0 multiprocessor bit is received
1 | [Setting condition]
When data with a 1 multiprocessor bit is received
Transmit End
0 | [Clearing conditions]
« When 0 is written to TDRE after reading TDRE = 1
« When the DMAC or DTC is activated by a TXI interrupt
and writes data to TDR
1 | [Setting conditions]
« When the TE bitin SCRis 0
« When TDRE = 1 at transmission of the last bit of a 1-byte
serial transmit character
Parity Error
0 | [Clearing condition]
When 0 is written to PER after reading PER = 1
1 | [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit
does not match the parity setting (even or odd) specified by the O/E bitin SMR
Framing Error
0 | [Clearing condition]
When 0 is written to FER after reading FER = 1
1 | [Setting condition]
When the SCI checks the stop bit at the end of the receive
data when reception ends, and the stop bit is 0
Overrun Error
0 | [Clearing condition]
When 0 is written to ORER after reading ORER = 1
1 | [Setting condition]
When the next serial reception is completed while
RDRF =1
Receive Data Register Full
0 | [Clearing conditions]
« When 0 is written to RDRF after reading RDRF = 1
« When the DMAC or DTC is activated by an RXI interrupt and reads data from RDR
1 | [Setting condition]
When serial reception ends normally and receive data is transferred
from RSR to RDR
Transmit Data Register Empty
0 | [Clearing conditions]
« When 0 is written to TDRE after reading TDRE = 1
« When the DMAC or DTC is activated by a TXI interrupt and writes data to TDR
1 | [Setting conditions]
« When the TE bitin SCRis 0
« When data is transferred from TDR to TSR and data can be written to TDR
Note: * Can only be written with O for flag clearing.
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SSRO—Serial Status Register 0 H'FF7C Smart Card Interface 0

Bit : 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | ERS | PER | TEND | MPB | MPBT |
Initial value : 1 [o] 0 0 0 1 0 0
Read/Write : E(M &M &M /(W)* ﬂ(\l\i R R RIW

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted
Data with a 1 multiprocessor bit is transmitted

-

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

-

[Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | Transmission in progress

[Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1

* When the DMAC or DTC is activated by a TXI interrupt and
writes data to TDR

1 | Transmission has ended

[Setting conditions]

« On reset, or in standby mode or module stop mode

« When the TE bitin SCR is 0 and the ERS bit is 0

+ When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu after
transmission of a 1-byte serial character when GM =0 and BLK =0

* When TDRE = 1 and ERS = 0 (normal transmission) 1.5 etu after
transmission of a 1-byte serial character when GM =0 and BLK =1

* When TDRE = 1 and ERS = 0 (normal transmission) 1.0 etu after
transmission of a 1-byte serial character when GM = 1 and BLK = 0

* When TDRE = 1 and ERS = 0 (normal transmission) 1.0 etu after
transmission of a 1-byte serial character when GM = 1 and BLK = 1

Note: etu (Elementary Time Unit): Interval for transfer of one bit
Parity Error

0 | [Clearing condition]
When 0 is written to PER after reading PER = 1

1 | [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit
does not match the parity setting (even or odd) specified by the O/E bit in SMR

Error Signal Status

0 | Data has been received normally, and there is no error signal

[Clearing conditions]

« On reset, or in standby mode or module stop mode

« When 0 is written to ERS after reading ERS = 1

1 | Error signal indicating detection of parity error has been sent by receiving device
[Setting condition]

When the error signal is sampled at the low level

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.
Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER = 1

[N

[Setting condition]
When the next serial reception is completed while RDRF = 1

Receive Data Register Full

0 | [Clearing conditions]
« When 0 is written to RDRF after reading RDRF = 1
+ When the DMAC or DTC is activated by an RXI interrupt and reads data from RDR

[N

[Setting condition]
When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0 | [Clearing conditions]
« When 0 is written to TDRE after reading TDRE = 1
* When the DMAC or DTC is activated by a TXI interrupt and writes data to TDR

-

[Setting conditions]
« When the TE bitin SCR is 0
« When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.
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RDRO—Receive Data Register 0 H'FF7D  SCIO, Smart Card Interface O

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R

Stores received serial data

SCMRO—Smart Card Mode Register 0 H'FF7E  SCIO, Smart Card Interface O

Bit : 7 6 5 4 3 2 1 0

| — | =] =] = | sor|sw | — | smF|
Initial value : 1 1 1 1 0 0 1 0
Read/Write : — — — — R/W R/W — R/W

Smart Card J

Interface Mode Select

0 | Smart card interface
function is disabled

1 | Smart card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before
being transmitted

Receive data is stored in RDR

in inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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SMR1—Serial Mode Register 1

Bit

Initial value :
Read/Write :

H'FF80 SCil
7 6 5 4 3 2 1 0
CIA CHR PE O/E | STOP MP CKS1 | CKSO
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select
0 | 0 | @clock
1 | /4 clock
1 | 0 | a9/16 clock
1 | 29/64 clock
Multiprocessor Mode
0 | Multiprocessor function
disabled
1 | Multiprocessor format
selected
Stop Bit Length
0 | 1 stop bit
1 | 2 stop bits
Parity Mode
0 | Even parity
1 | Odd parity
Parity Enable
0 | Parity bit addition and checking disabled
1 | Parity bit addition and checking enabled
Character Length
0 | 8-bitdata
1 | 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7)
of TDR is not transmitted.

Asynchronous Mode/Synchronous Mode Select

0

Asynchronous mode

1

Synchronous mode

HITACHI
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SMR1—Serial Mode Register 1 H'FF80 Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
| GM | BLK | PE | O/E | BCP1 | BCPO | CKS1 | CKSO |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select

0 | 0 | gclock

1 | a/4 clock
1| 0 | @/16 clock
1 | a/64 clock

Base Clock Pulse

BCP1|BCPO| Base Clock Pulse
0 0 32 clocks
1 64 clocks
1 0 372 clocks
1 256 clocks

Parity Mode
(Set to 1 when using the smart card interface)

0 | Even parity
1 | Odd parity

Parity Enable

0 | Setting prohibited

1 | Parity bit addition and checking enabled

Block Transfer Mode Select

0 Normal smart card interface mode

1 Block transfer mode

GSM Mode

0 Normal smart card interface mode operation
* TEND flag generated 12.5 etu (11.5 etu in block transfer mode) after beginning of start bit
¢ Clock output on/off control only

1 | GSM mode smart card interface mode operation
« TEND flag generated 11.0 etu after beginning of start bit
¢ Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control

Note: etu (Elementary Time Unit): Interval for transfer of one bit
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BRR1—Bit Rate Register 1 H'FF81 SCI1, Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the serial transfer bit rate

Note: For details, see section 11.2.8, Bit Rate Register (BRR), in the Hardware Manual.
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SCR1—Serial Control Register 1 H'FF82 SCil

Bit : 7 6 5 4 3 2 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/IW R/IW R/IW R/W R/IW
Clock Enable
0 | 0 | Asynchronous | Internal clock/SCK pin functions
mode as I/0 port
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | Asynchronous | Internal clock/SCK pin functions
mode as clock output*1
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | 0 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
1 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
Notes: 1. Outputs a clock of the same frequency as the bit rate.
2. Inputs a clock with a frequency 16 times the bit rate.
Transmit End Interrupt Enable
0 | Transmit-end interrupt (TEI) request disabled
1 | Transmit-end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

« When the MPIE bit is cleared to 0

* When data with MPB = 1 is received

Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request disabled

1 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit-data-empty interrupt (TXI) request disabled

1 | Transmit-data-empty interrupt (TXI) request enabled
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SCR1—Serial Control Register 1 H'FF82 Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW RIW R/IW R/W R/W R/W R/W R/W
Clock Enable

(When bit 7 of SMR is set to 1 in smart card intrface mode)
SCMR | SMR SCR setting
SMIF |C/A,GM| CKE1 | CKEO

SCK pin function

0 See SCI specification

1 0 0 0 Operates as port 110
pin

1 0 0 1 Clock output as SCK
output pin
Fixed-low output as

! 1 0 0 SCK output pin

1 1 0 1 Clock output as SCK
output pin
Fixed-high output as

1 1 1

0 SCK output pin

1 1 1 1 Clock output as SCK

output pin

Transmit End Interrupt Enable

0 | Transmit-end interrupt (TEI) request disabled

1 | Transmit-end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

* When the MPIE bit is cleared to 0

* When data with MPB = 1 is received

1 | Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request disabled

1 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit-data-empty interrupt (TXI) request disabled
1 | Transmit-data-empty interrupt (TXI) request enabled

449
HITACHI



TDR1—Transmit Data Register 1 H'FF83 SCI1, Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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SSR1—Serial Status Register 1 H'FF84
Bit : 7 0
| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value : 1 0 0 0 0 1 0 0
Read/Write :  R/(W)* R/(W)* R/(W)* R/(W)* R/I(W)* R R RIW

Multiprocessor Bit Transfer

SCI1

0 | Data with a 0 multiprocessor bit is transmitted

1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]

When data with a 0 multiprocessor bit is received

1 | [Setting condition]

When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing conditions]

and writes data to TDR

* When 0 is written to TDRE after reading TDRE = 1
* When the DMAC or DTC is activated by a TXI interrupt

1 [Setting conditions]
* When the TE bitin SCRis 0

serial transmit character

« When TDRE = 1 at transmission of the last bit of a 1-byte

Parity Error

0 | [Clearing condition]
When 0 is written to PER after reading PER = 1

1 | [Setting condition]

When, in reception, the number of 1 bits in the receive data plus the parity bit
does not match the parity setting (even or odd) specified by the O/E bit in SMR

Framing Error

0 | [Clearing condition]
When 0 is written to FER after reading FER = 1

1 | [Setting condition]
When the SCI checks the stop bit at the end of the receive
data when reception ends, and the stop bit is 0

Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER = 1

1 | [Setting condition]
When the next serial reception is completed while RDRF = 1

Receive Data Register Full

0

[Clearing conditions]
« When 0 is written to RDRF after reading RDRF = 1
* When the DMAC or DTC is activated by an RXI interrupt and reads data from RDR

[Setting condition]
When serial reception ends normally and receive data is transferred

from RSR to RDR

Transmit Data Register Empty

0

[Clearing conditions]
« When 0 is written to TDRE after reading TDRE = 1
« When the DMAC or DTC is activated by a TXI interrupt and writes data to TDR

[Setting conditions]
* When the TE bitin SCRis 0
« When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.
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SSR1—Serial Status Register 1

452

Bit

Initial value :
Read/Write :

H'FF84 Smart Card Interface 1

: 7 5 4 3 2 0
| TDRE | RDRF | ORER | ERS | PER | TEND | MPB | MPBT |

1 0 0 0 0 1 0 0

ROWY  RIW) ROW! ROW® ROWS R R RW

Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted

1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | Transmission in progress

[Clearing conditions]

» When 0 is written to TDRE after reading TDRE = 1

* When the DMAC or DTC is activated by a TXI interrupt
and writes data to TDR

1 | Transmission has ended

[Setting conditions]

« On reset, or in standby mode or module stop mode

« When the TE bit in SCR is 0 and the ERS bit is 0

« When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu after
transmission of a 1-byte serial character when GM = 0 and BLK =0

« When TDRE = 1 and ERS = 0 (normal transmission) 1.5 etu after
transmission of a 1-byte serial character when GM = 0 and BLK = 1

« When TDRE = 1 and ERS = 0 (normal transmission) 1.0 etu after
transmission of a 1-byte serial character when GM =1 and BLK =0

* When TDRE =1 and ERS = 0 (normal transmission) 1.0 etu after
transmission of a 1-byte serial character when GM =1 and BLK = 1

Note: etu (Elementary Time Unit): Interval for transfer of one bit
Parity Error

0 | [Clearing condition]
When 0 is written to PER after reading PER = 1

1 | [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit
does not match the parity setting (even or odd) specified by the O/E bit in SMR

Error Signal Status

0

Data has been received normally, and there is no error signal
[Clearing conditions]

« On reset, or in standby mode or module stop mode

* When 0 is written to ERS after reading ERS =1

Error signal indicating detection of parity error has been sent by receiving device
[Setting condition]
When the error signal is sampled at the low level

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.
Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER = 1

i

[Setting condition]
When the next serial reception is completed while RDRF = 1

Receive Data Register Full

0 | [Clearing conditions]
« When 0 is written to RDRF after reading RDRF = 1
« When the DMAC or DTC is activated by an RXI interrupt and reads data from RDR

-

[Setting condition]

When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0

[Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1
* When the DMAC or DTC is activated by a TXI interrupt and writes data to TDR

[N

[Setting conditions]
« When the TE bitin SCR is 0

« When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with 0 for flag clearing.
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RDR1—Receive Data Register 1 H'FF85 SCI1, Smart Card Interface 1

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R

Stores received serial data

SCMR1—Smart Card Mode Register 1 H'FF86 SCIl1, Smart Card Interface 1
Bit : 7 6 5 4 3 2 1 0
’ — \ — \ — \ — \ SDIR \ SINV \ — \ SMIF ‘
Initial value : 1 1 1 1 0 0 1 0
Read/Write : — — — — R/W R/W — R/W

Smart Card J
Interface Mode Select

0 | Smart card interface
function is disabled

1 | Smart card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before
being transmitted

Receive data is stored in RDR

in inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

1 | TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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SMR2—Serial Mode Register 2

Bit

Initial value :
Read/Write :

454

H'FF88 SCI2
7 6 5 4 3 2 1 0
C/A CHR PE O/E | STOP MP CKS1 | CKSO
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Clock Select
0 | 0 | gclock
1 | @/4 clock
1| O | /16 clock
1 | o/64 clock
Multiprocessor Mode
0 | Multiprocessor function
disabled
1 Multiprocessor format
selected
Stop Bit Length
0 | 1stop bit
1 | 2 stop bits
Parity Mode
0 | Even parity
1 | Odd parity

Asynchronous Mode/Synchronous Mode Select

Parity Enable

0

Parity bit addition and checking disabled

1

Parity bit addition and checking enabled

Character Length

0 8-bit data

1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7)
of TDR is not transmitted.

0

Asynchronous mode

1

Synchronous mode
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SMR2—Serial Mode Register 2 H'FF88 Smart Card Interface 2

Bit : 7 6 5 4 3 2 1 0
| GM | BLK | PE | O/E | BCP1 | BCPO | CKS1 | CKSO0 |
Initial value : 0 0 0 0 0 0 0 0

Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Clock Select

0 | 0 | gclock

1 | @/4 clock
1 | 0 | @/16 clock
1

/64 clock

Base Clock Pulse

BCP1|BCP0O| Base Clock Pulse

0 0 32 clocks

64 clocks

1
1 0 372 clocks
1 256 clocks

Parity Mode
(Set to 1 when using the smart card interface)

0 | Even parity

1 | Odd parity

Parity Enable

0 | Setting prohibited

1 | Parity bit addition and checking enabled

Block Transfer Mode Select

0 Normal smart card interface mode

1 Block transfer mode

GSM Mode

0 | Normal smart card interface mode operation
« TEND flag generated 12.5 etu (11.5 etu in block transfer mode) after beginning of start bit
« Clock output on/off control only

1 | GSM mode smart card interface mode operation
* TEND flag generated 11.0 etu after beginning of start bit
 Fixed high/low-level control possible (set in SCR) in addition to clock output on/off control

Note: etu (Elementary Time Unit): Interval for transfer of one bit
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BRR2—Bit Rate Register 2 H'FF89 SCI2, Smart Card Interface 2

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the serial transfer bit rate

Note: For details, see section 11.2.8, Bit Rate Register (BRR), in the Hardware Manual.
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SCR2—Serial Control Register 2 H'FF8A SCI2

Bit : 7 6 5 4 3 2 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/IW R/W R/W R/W
Clock Enable
0 | 0 | Asynchronous | Internal clock/SCK pin functions
mode as 1/0 port
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | Asynchronous | Internal clock/SCK pin functions
mode as clock output*1
Synchronous | Internal clock/SCK pin functions
mode as serial clock output
1 | 0 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
1 | Asynchronous | External clock/SCK pin functions
mode as clock input*2
Synchronous | External clock/SCK pin functions
mode as serial clock input
Notes: 1. Outputs a clock of the same frequency as the bit rate.
2. Inputs a clock with a frequency 16 times the bit rate.
Transmit End Interrupt Enable
0 | Transmit-end interrupt (TEI) request disabled
1 | Transmit-end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

« When the MPIE bit is cleared to 0

* When data with MPB = 1 is received

1 Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request disabled

1 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request enabled

Transmit Interrupt Enable

0 | Transmit-data-empty interrupt (TXI) request disabled

1 | Transmit-data-empty interrupt (TXI) request enabled
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SCR2—Serial Control Register 2 H'FF8A Smart Card Interface 2

Bit : 7 6 5 4 3 2 1 0
| TIE | RIE | TE | RE | MPIE | TEIE | CKE1 | CKEO |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/IW RIW RIW R/W R/W
Clock Enable
(When bit 7 of SMR is set to 1 in smart card interface mode)
SCMR | SMR SCR setting . .
— SCK pin function
SMIF |C/A,GM| CKE1 | CKEO
0 See SCI specification
1 0 0 0 Operates as port 110
pin
1 0 0 1 Clock output as SCK
output pin
Fixed-low output as
1 1 0 0 SCK output pin
1 1 0 1 Clock output as SCK
output pin
Fixed-high output as
1 ! ! 0 SCK output pin
1 1 1 1 Clock output as SCK
output pin

Transmit End Interrupt Enable

0 | Transmit-end interrupt (TEI) request disabled

1 | Transmit-end interrupt (TEI) request enabled

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled
[Clearing conditions]

* When the MPIE bit is cleared to 0

* When data with MPB = 1 is received

1 | Multiprocessor interrupts enabled

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in
SSR are disabled until data with the multiprocessor bit set to 1
is received

Receive Enable

0 | Reception disabled

1 | Reception enabled

Transmit Enable

0 | Transmission disabled

1 | Transmission enabled

Receive Interrupt Enable

0 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request disabled

1 | Receive-data-full interrupt (RXI) request and
receive-error interrupt (ERI) request enabled

Transmit Interrupt Enable
0 | Transmit-data-empty interrupt (TXI) request disabled
1 | Transmit-data-empty interrupt (TXI) request enabled
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TDR2—Transmit Data Register 2

Bit

Initial value :
Read/Write :

H'FF8B SCI2, Smart Card Interface 2

7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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SSR2—Serial Status Register 2 H'FF8C
Bit : 7 6 5 4 3 2 1
| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value : 1 0 0 0 0 1 0 0
Read/Write :  R/(W)* R/(W)* R/(W)* R/(W)* R/I(W)* R R R/W
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Multiprocessor Bit Transfer

SCI2

0 | Data with a 0 multiprocessor bit is transmitted

1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]

When data with a 0 multiprocessor bit is received

1 | [Setting condition]

When data with a 1 multiprocessor bit is received

Transmit End

0 | [Clearing conditions]

and writes data to TDR

« When 0 is written to TDRE after reading TDRE = 1
* When the DMAC or DTC is activated by a TXI interrupt

1 [Setting conditions]
* When the TE bitin SCRis 0

serial transmit character

* When TDRE = 1 at transmission of the last bit of a 1-byte

Parity Error

0 | [Clearing condition]
When 0 is written to PER after reading PER = 1

1 | [Setting condition]

When, in reception, the number of 1 bits in the receive data plus the parity bit
does not match the parity setting (even or odd) specified by the O/E bit in SMR

Framing Error

0 | [Clearing condition]
When 0 is written to FER after reading FER = 1

1 | [Setting condition]
When the SCI checks the stop bit at the end of the receive
data when reception ends, and the stop bit is 0

Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER =1

1 | [Setting condition]
When the next serial reception is completed while RDRF = 1

Receive Data Register Full

0

[Clearing conditions]
* When 0 is written to RDRF after reading RDRF = 1
« When the DMAC or DTC is activated by an RXI interrupt and reads data from RDR

[Setting condition]
When serial reception ends normally and receive data is transferred
from RSR to RDR

Transmit Data Register Empty

0 | [Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1

« When the DMAC or DTC is activated by a TXI interrupt and writes data to TDR
1 | [Setting conditions]

* When the TE bitin SCRis 0
* When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.
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SSR2—Serial Status Register 2 H'FF8C Smart Card Interface 2

Bit : 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | ERS | PER | TEND | MPB | MPBT |
Initial value : 1 0 0 0 0 1 0 0
Read/Write : RIW)*  RIW)*  RIW)* RI(W)* RI(W)* R R R/W

. .
Multiprocessor Bit Transfer

0 | Data with a 0 multiprocessor bit is transmitted

1 | Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

0 | [Clearing condition]
When data with a 0 multiprocessor bit is received

1 | [Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

0 | Transmission in progress

[Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1

* When the DMAC or DTC is activated by a TXI interrupt
and writes data to TDR

1 | Transmission has ended

[Setting conditions]

« On reset, or in standby mode or module stop mode

* When the TE bit in SCR is 0 and the ERS bit is 0

* When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu after
transmission of a 1-byte serial character when GM = 0 and BLK = 0

« When TDRE =1 and ERS = 0 (normal transmission) 1.5 etu after
transmission of a 1-byte serial character when GM = 0 and BLK = 1

« When TDRE =1 and ERS = 0 (normal transmission) 1.0 etu after
transmission of a 1-byte serial character when GM = 1 and BLK = 0

« When TDRE =1 and ERS = 0 (normal transmission) 1.0 etu after
transmission of a 1-byte serial character when GM =1 and BLK = 1

Note: etu (Elementary Time Unit): Interval for transfer of one bit
Parity Error

0 | [Clearing condition]
When 0 is written to PER after reading PER = 1

1 | [Setting condition]
When, in reception, the number of 1 bits in the receive data plus the parity bit
does not match the parity setting (even or odd) specified by the O/E bit in SMR

Error Signal Status

0 | Data has been received normally, and there is no error signal

[Clearing conditions]

« On reset, or in standby mode or module stop mode

* When 0 is written to ERS after reading ERS =1

1 | Error signal indicating detection of parity error has been sent by receiving device
[Setting condition]

When the error signal is sampled at the low level

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its prior state.
Overrun Error

0 | [Clearing condition]
When 0 is written to ORER after reading ORER = 1

[Setting condition]
When the next serial reception is completed while RDRF = 1

i

Receive Data Register Full

0 | [Clearing conditions]
* When 0 is written to RDRF after reading RDRF = 1
* When the DMAC or DTC is activated by an RXI interrupt and reads data from RDR

1 | [Setting condition]
When serial reception ends normally and receive data is transferred from RSR to RDR

Transmit Data Register Empty

0 | [Clearing conditions]
« When 0 is written to TDRE after reading TDRE = 1
« When the DMAC or DTC is activated by a TX!I interrupt and writes data to TDR

[

[Setting conditions]
* When the TE bitin SCRis 0
« When data is transferred from TDR to TSR and data can be written to TDR

Note: * Can only be written with O for flag clearing.

461
HITACHI



RDR2—Receive Data Register 2 H'FF8D SCI2, Smart Card Interface 2

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R

Stores received serial data

SCMR2—Smart Card Mode Register 2 H'FFBE SCIl2, Smart Card Interface 2
Bit : 7 6 5 4 3 2 1 0
’ — ‘ — ‘ — ‘ — ‘ SDIR ‘ SINV ‘ — ‘ SMIF ‘
Initial value : 1 1 1 1 0 0 1 0
Read/Write : — — — — R/W R/W — R/W

Smart Card ]

Interface Mode Select

0 | Smart card interface
function is disabled

1 | Smart card interface
function is enabled

Smart Card Data Invert

0 | TDR contents are transmitted as they are
Receive data is stored in RDR as it is

1 | TDR contents are inverted before
being transmitted

Receive data is stored in RDR

in inverted form

Smart Card Data Direction

0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first

1 | TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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ADDRAH
ADDRAL
ADDRBH
ADDRBL
ADDRCH
ADDRCL
ADDRDH
ADDRDL

Bit

Initial value :
Read/Write :

— A/D Data Register AH
— A/D Data Register AL
— A/D Data Register BH
— A/D Data Register BL
— A/D Data Register CH
— A/D Data Register CL
— A/D Data Register DH
— A/D Data Register DL

H'FF90
H'FFI1
H'FF92
H'FF93
H'FF94
H'FF95
H'FF96
H'FF97

A/D Converter
A/D Converter
A/D Converter
A/D Converter
A/D Converter
A/D Converter
A/D Converter
A/D Converter

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| — | — | — | — | — | — |
: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R R R R R R R R R R R R R R
|
Stores the results of A/D conversion
Analog Input Channel _
Group 0 Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 ANS5 ADDRB
AN2 AN6 ADDRC
AN3 AN7 ADDRD
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ADCSR—A/D Control/Status Register H'FF98

Bit

7

6

5 4 3 2

A/D Converter

1

0

| ADF | ADIE | ADST | SCAN| CKS | CH2

| ch |

CHO |

Initial value : 0
Read/Write :  R/(W)*

464

A/D End Flag

0
R/W

0 0 0 0
RIW R/IW R/W R/W

0
R/W

0
R/W

AD In

— ]

Channel Select

Note: These bits select the analog input channels.
Ensure that conversion is halted (ADST = 0)
before making a channel selection.

Group Channel
Selection| Selection

CH2 CH1 | CHO

Single Mode
(SCAN =0)

Scan Mode
(SCAN =1)

0 0 0

ANg
(Initial value)

AN,

AN,

ANp, AN,

AN,

ANg to AN,

AN

AN to AN,

AN,

AN,

ANg

ANy, AN5

ANg

AN, to ANg

N
o
RO|lR|O|R|O|F

AN;

AN, to AN

Clock Select

of ADCR.

H'FF99 A/D Converter
Scan Mode

0 | Single mode

1 | Scan mode

A/D Start

See ADCR—A/D Control Register

Note: CKS is used in combination with bit 3 (CKS1)

0 | A/D conversion stopped

module stop mode

1 | « Single mode: A/D conversion is started. Cleared to 0
automatically when conversion ends

« Scan mode: A/D conversion is started. Conversion continues
sequentially on the selected channels until ADST is cleared to
0 by software, a reset, or transition to standby mode or

terrupt Enable

0

A/D conversion end interrupt request disabled

1

A/D conversion end interrupt request enabled

0

[Clearing conditions]

* When 0 is written to the ADF flag after reading ADF =1

* When the DMAC or DTC is activated by an ADI interrupt, and ADDR is read

[Setting conditions]

« Single mode: When A/D conversion ends
* Scan mode: When A/D conversion ends on all specified channels

Note: * Can only be written with O for flag clearing.
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ADCR—A/D Control Register H'FF99 A/D Converter

Bit : 7 6 5 4 3 2 1 0

TRGS1 | TRGSO — — CKs1 CH3 — —
Initial value : 0 0 1 1 1 1 1 1
Read/Write : R/W R/W — — R/W R/W — —

=

Channel Select

Reserved
Only 1 should be written
Clock Select to this bit
ADCSR
Bit3 | Bit3 Description
CKS1 | CKS
0 0 Conversion time = 530 states (max.)
1 Conversion time = 68 states (max.)
1 0 Conversion time = 266 states (max.) (Initial value)
1 Conversion time = 134 states (max.)

Timer Trigger Select
TRGS1|TRGS1 Description

0 0 A/D conversion start by external trigger is disabled

A/D conversion start by external trigger (TPU) is enabled

1
1 0 A/D conversion start by external trigger (8-bit timer) is enabled
1

A/D conversion start by external trigger pin (ADTRG) is enabled
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DADRO—D/A Data Register 0 H'FFA4 D/A Converter
DADR1—D/A Data Register 1 H'FFAS D/A Converter
Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W
Stores data for D/A conversion
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DACRO01—D/A Control Register 01 H'FFAG D/A Converter

Bit : 7 6 5 4 3 2 1 0
|pAcEl|DRoEO| DAE | — | — | — | — | — |

Initial value : 0 0 0 1 1 1 1 1

Read/Write : R/W R/W R/W — — — — _

D/A Output Enable 0
0 | Analog output DA is disabled

1 | Channel 0 D/A conversion is enabled
Analog output DA is enabled

D/A Output Enable 1
0 | Analog output DA is disabled

1 | Channel 1 D/A conversion is enabled
Analog output DA, is enabled

D/A Conversion Control

DAOE1 | DAOEO DAE Description
0 0 * Channel 0 and 1 D/A conversion disabled
1 0 Channel 0 D/A conversion enabled

Channel 1 D/A conversion disabled

1 Channel 0 and 1 D/A conversion enabled

1 0 0 Channel 0 D/A conversion disabled

Channel 1 D/A conversion enabled

1 Channel 0 and 1 D/A conversion enabled
1 * Channel 0 and 1 D/A conversion enabled
* . Don't care

467
HITACHI



PFCR2—Port Function Control Register 2

Bit

Initial value :
Read/Write :

468

7

6 5

H'FFAC Ports

4

3 2 1 0

WAITPS

BREQOPS | CS167E| CS25E

ASOD — — —

0
R/W

0 1
R/W R/W

1
R/W

R/W 0 0 0

AS Output Disable

0

PFg is designated as AS output pin

1

PFg is designated as 1/O port, and
does not function as AS output pin

Note: This bit is valid in modes 4 to 6.

CS25 Enable

0 | CS,, CS3, CS,, and CS;5 output disabled

(can

be used as I/0 ports)

1 | Cs,,

CS3, CS,, and CS; output enabled

Note: Clear the DDR bits to 0 before changing

the CS25E setting.

CS167 Enable

0 | CS;, CSg, and CS; output disabled
(can be used as /0O ports)

1 | CS;, CS;, and CS; output enabled

BREQO Pin Select

Note: Clear the DDR bits to 0 before changing
the CS167E setting.

0 | BREQO output is PF, pin

1 | BREQO output is P53 pin

Note: Set BREQOPS before setting
the BREQOE bit in BCRL to 1.

WAIT Pin Select

0 | WAIT input is PF, pin
1 | WAIT input is P53 pin
Note: Set WAITPS before setting

the WAITE bitin BCRL to 1.
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TCRO—Time Control Register 0 H'FFBO 8-Bit Timer Channel 0

TCR1—Time Control Register 1 H'FFB1 8-Bit Timer Channdl 1
Bit : 7 6 5 4 3 2 1 0
’ CMIEB ‘ CMIEA‘ OVIE ‘ CCLR1 ‘ CCLRO ‘ CKS2 ‘ CKS1 ‘ CKSO ‘
Initial value : 0 0 0 0 0 0 0 0
Read/Write : RIW RIW RIW RIW RIW R/W RIW RIW

Clock Select
0 0 0 Clock input disabled
1 Internal clock: counted at falling edge

of #/8
1 0 Internal clock: counted at falling edge
of g/64
1 Internal clock: counted at falling edge
of /8192

1 0 0 For channel 0:

Count at TCNT1 overflow signal*
For channel 1:

Count at TCNTO compare match A*

1 External clock: counted at rising edge

1 0 External clock: counted at falling edge

1 External clock: counted at both rising and
falling edges

Note: * If the count input of channel 0 is the TCNT1 overflow
signal and that of channel 1 is the TCNTO compare
match signal, no incrementing clock is generated.
Do not use this setting.

Counter Clear

0 0 Clear is disabled
1 Clear by compare match A
1 0 Clear by compare match B
1 Clear by rising edge of external reset input

Timer Overflow Interrupt Enable

0 OVF interrupt requests (OVI) are disabled
1 OVF interrupt requests (OVI) are enabled

Compare Match Interrupt Enable A
0 CMFA interrupt requests (CMIA) are disabled
1 CMFA interrupt requests (CMIA) are enabled

Compare Match Interrupt Enable B
0 CMFB interrupt requests (CMIB) are disabled
1 CMFB interrupt requests (CMIB) are enabled
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TCSRO—Timer Control/Status Register 0
TCSR1—Timer Control/Status Register 1

TCSRO Bit

Initial value :
Read/Write :

TCSR1 Bit

Initial value :
Read/Write :

QQ

H'FFB2 8-Bit Timer Channel 0
H'FFB3 8-Bit Timer Channel 1
7 6 5 4 3 2 1 0
| CMFB | CMFA| OVF | ADTE | 0S3 | 0S2 | 0s1 | 0S0 |
0 0 0 0 0 0 0 0
RIW)*  RIW)*  RIW)* R/W RIW RIW RIW RIW
: 7 6 5 4 3 2 1 0
|CMFB | CMFA| OVF | — | 0S3 | 0S2 | 0S1 | 0S0 |
0 0 0 1 0 0 0 0
RIW)*  RI(W)*  RI(W)* — RIW RIW RIW RIW

Output Select A

0 0 | No change when compare
match A occurs
1 | Ois output when compare
match A occurs
1 0 | 1is output when compare
match A occurs
1 | Outputis inverted when

compare match A
occurs (toggle output)

Output Select

0 0 | No change when compare match B occurs
1 | Ois output when compare match B occurs
1 0 | 1is output when compare match B occurs
1 | Output is inverted when compare match B

occurs (toggle output)

AID Trigger Enable (TCSRO only)

0

A/D converter start requests by compare match A are disabled

1

A/D converter start requests by compare match A are enabled

Timer Overflow Flag

0 [Clearing condition]
When 0 is written to OVF after reading OVF = 1

1 [Setting condition]
When TCNT overflows (changes from H'FF to H'00)

Compare Match Flag A

0 | [Clearing conditions]

« When 0 is written to CMFA after reading CMFA = 1
* When the DTC is activated by a CMIA interrupt, while the DISEL bit of MRB in DTC is O

1 | [Setting condition]

When TCNT matches TCORA

Compare Match Flag B

0 | [Clearing conditions]
* When 0 is written to CMFB after reading CMFB = 1
« When the DTC is activated by a CMIB interrupt, while the DISEL bit of MRB in DTC is 0

[Setting condition]
When TCNT matches TCORB

Note: * Only 0 can be written to bits 7 to 5, to clear these flags.
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TCORAO—Time Constant Register AO H'FFB4 8-Bit Timer Channel 0

TCORA1—Time Constant Register Al H'FFB5 8-Bit Timer Channdl 1
TCORAO TCORA1
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : 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

TCORBO—Time Constant Register BO H'FFB6 8-Bit Timer Channel 0

TCORB1—Time Constant Register B1 H'FFB7 8-Bit Timer Channdl 1
TCORBO TCORB1

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : 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

TCNTO—Timer Counter O H'FFBS8 8-Bit Timer Channdl 0
TCNT1—Timer Counter 1 H'FFB9 8-Bit Timer Channdl 1
TCNTO TCNT1
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Read/Write : 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
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TCSR—Timer Control/Status Register H'FFBC (W) H'FFBC (R) WDT

Bit : 7 6 5 4 3 2 1 0
OVF WT/AT TME — — CKS2 CKS1 CKSO
Initial value : 0 0 0 1 1 0 0 0
Read/Write : R/(W)'? R/W RIW — — RIW RIW RIW
|
Clock Select
CKS2|CKS1|CKSO|  Clock e B )
0 0 0 | @/2 (Initial value) | 25.6us
1 |2/64 819.2us
1 0 |@/128 1.6ms
1 |e/512 6.6ms
1 0 0 |@/2048 26.2ms
1 | 2/8192 104.9ms
1 0 |@/32768 419.4ms
1 |@/131072 1.68s

Note: * The overflow period is the time from when TCNT
starts counting up from H'00 until overflow occurs.

Timer Enable
0 | TCNT is initialized to H'00 and halted
1 | TCNT counts

Timer Mode Select

0 | Interval timer mode: Sends the CPU an interval timer interrupt
request (WOVI) when TCNT overflows

1 | Watchdog timer mode: Generates the WDTOVF signal*? when
TCNT overflows

Overflow Flag

0 | [Clearing condition]

When 0 is written to OVF after reading OVF = 1

1 | [Setting condition]

When TCNT overflows from H'FF to H'00 in interval timer mode

The method for writing to TCSR is different from that for general registers to prevent accidental
overwriting. For details, see section 10.2.4, Notes on Register Access, in the Hardware Manual.

Notes: 1. Can only be written with 0 for flag clearing.
2. The WDTOVF pin function is not available in the F-ZTAT version.
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TCNT—Timer Counter H'FFBC (W) H'FFBD (R) WDT

Bit : 7 6 5 4 3 2 1 0

Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W R/W R/W R/W R/W R/W R/W

RSTCSR—Reset Control/Status Register H'FFBE (W) H'FFBF (R) WDT

Bit : 7 6 5 4 3 2 1 0
WOVF | RSTE — — — — — —

Initial value : 0 0 0 1 1 1 1 1

Read/Write :  R/(W)* R/W R/W — — — — —

Reserved
This bit cannot be modified

Reset Enable

0 | Resetsignal is not generated if TCNT overflows*

1 | Reset signal is generated if TCNT overflows

Note: * The modules in the H8S/2329 and H8S/2328 Series are
not reset, but TCNT and TCSR in WDT are reset.

Watchdog Timer Overflow Flag

0 | [Clearing condition]
When 0 is written to WOVF after reading WOVF = 1

1 | [Setting condition]
When TCNT overflows (changes from H'FF to H'00) during watchdog
timer operation

Note: * Can only be written with O for flag clearing.

The method for writing to RSTCSR is different from that for general registers to prevent accidental
overwriting. For details, see section 10.2.4, Notes on Register Access, in the Hardware Manual.
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TSTR—Timer Start Register H'FFCO TPU

Bit : 7 6 5 4 3 2 1 0

| — | — | CST5 | CST4 | CST3 | CST2 | CST1 | CSTO |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/W R/W

Counter Start

0 | TCNTn count operation is stopped

1 | TCNTn performs count operation
(n=51t00)

Note: If 0 is written to the CST bit during operation with the TIOC pin designated for output,
the counter stops but the TIOC pin output compare output level is retained. If TIOR
is written to when the CST bit is cleared to 0, the pin output level will be changed to
the set initial output value.

TSYR—Timer Synchro Register H'FFC1 TPU
Bit : 7 6 5 4 3 2 1 0
| — | — | svnes|synea|synes | syncz | syner | synco |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — — R/W R/W R/W R/W R/IW R/W

Timer Synchronization

0 | TCNTn operates independently (TCNT presetting/
clearing is unrelated to other channels)

1 | TCNTn performs synchronous operation
TCNT synchronous presetting/synchronous clearing
is possible

(n=5t00)
Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must
be set to 1.

2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing
source must also be set by means of bits CCLR2 to CCLRO in TCR.
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FLMCR1—Flash Memory Control Register 1 H'FFC8 Flash Memory
(Valid only in F-ZTAT version)

Bit

Initial value :
Read/Write :

7 6 5 4 3 2 1 0
FWE SWE ESU PSU EV PV
—* 0 0 0 0 0 0 0
R R/W R/W R/W R/W R/W R/W R/W
— |
Program

0 | Program mode cleared

1 | Transition to program mode
[Setting condition]

When FWE =1, SWE=1,and PSU=1

Erase

0 | Erase mode cleared

1 | Transition to erase mode
[Setting condition]
When FWE=1,SWE=1,and ESU=1

Program-Verify
0 | Program-verify mode cleared

1 | Transition to program-verify mode
[Setting condition]
When FWE =1 and SWE =1

Erase-Verify
0 | Erase-verify mode cleared

1 | Transition to erase-verify mode
[Setting condition]
When FWE =1 and SWE =1

Program Setup
0 | Program setup cleared

1 | Program setup
[Setting condition]
When FWE =1 and SWE =1

Software Write Enable Erase Setup
0 | Writes disabled 0 | Erase setup cleared
1 | Writes enabled 1 | Erase setup
[Setting condition] [Setting condition]
When FWE =1 When FWE =1 and SWE =1

Flash Write Enable

0

When a low level is input to the FWE pin (hardware-protected state)

1

When a high level is input to the FWE pin

Note: * Determined by the state of the FWE pin (H8S/2328 F-ZTAT version).
The FWE bit is fixed high in the H8S/2329 F-ZTAT version.
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FLMCR2—Flash Memory Control Register 2 H'FFC9 Flash Memory
(Valid only in F-ZTAT version)

Bit : 7 6 5 4 3 2 1 0

FLER — — — — — — —
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R — — — — _

Flash Memory Error

0 | Flash memory is operating normally

Flash memory program/erase protection (error protection) is disabled
[Clearing condition]

Reset or hardware standby mode

1 | An error has occurred during flash memory programming/erasing
Flash memory program/erase protection (error protection) is enabled
[Setting condition]

See section 17.8.3, Error Protection, in the Hardware Manual.
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EBR1—Erase Block Register 1
EBR2—Erase Block Register 2

Bit
EBR1

Initial value :
Read/Write :

Bit
EBR2

Initial value :
Read/Write :

H'FFCA Flash Memory
H'FFCB Flash Memory
(Valid only in F-ZTAT version)

7 6 5 4 3 2 1 0
EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
— — EB13* | EB12* EB11 EB10 EB9 EBS
0 0 0 0 0 0 0 0

— R/W R/W R/W R/W

Note: * Valid only in the H8S/2329 F-ZTAT version.
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TCRO—Timer Control Register 0 H'FFDO TPUO

Bit : 7 6

5 4 3 2 1 0

| | CCLR2 | CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |

Initial value : 0 0
Read/Write : R/W R/W

0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W

Counter Clear

Time Prescaler

0 | 0 | O |Internal clock: counts on @/1

Internal clock: counts on g/4

Internal clock: counts on 2/16

Internal clock: counts on g/64

External clock: counts on TCLKA pin input

External clock: counts on TCLKB pin input

External clock: counts on TCLKC pin input

-
o
rlo|lr|o|lr|o]|r

External clock: counts on TCLKD pin input

Clock Edge

0|0 Count at rising edge

1 | Count at falling edge

1 | — | Countat both edges

TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

TCNT cleared by TGRB compare match/input capture

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation*1

TCNT clearing disabled

TCNT cleared by TGRC compare match/input capture*2

TCNT cleared by TGRD compare match/input capture*2

0j0]|O0
1
110
1
11010
1
110
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation*1

Notes: 1. Synchronous operation setting is performed by setting the
SYNC bitin TSYR to 1.
2. When TGRC or TGRD is used as a buffer register, TCNT is
not cleared because the buffer register setting has priority,
and compare match/input capture does not occur.
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TMDRO—Timer Mode Register 0 H'FFD1

Bit

Initial value :
Read/Write :

TPUO

5 4 3 2 1 0
|—|—|BFB|BFA|MD3|MD2|MD1|MDO|
0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W
Mode
0| 0| 0| O [Normal operation
1 |Reserved
1|0 |PWMmode1l
1 |PWM mode 2
1 | 0 | 0 |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1 * * * S
*: Don't care
Notes: 1. MD3 is a reserved bit. In a write, it
should always be written with 0.

2. Phase counting mode cannot be
set for channels 0 and 3. In this
case, 0 should always be written to
MD2.

TGRA Buffer Operation
0 | TGRA operates normally
1 | TGRA and TGRC used together
for buffer operation

TGRB Buffer Operation

0 | TGRB operates normally

for buffer operation

1 | TGRB and TGRD used together
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Bit

Initial value :
Read/Write :

TIOROH—Timer 1/0O Control Register OH H'FFD2 TPUO
: 7 6 5 4 3 2 1 0
| 10B3 | 10B2 | 10B1 | 10B0O | 10A3 | 10A2 | I0A1 | 10A0 |
0 0 0 0 0 0 0 0
RIW RIW RIW R/IW RIW RIW R/W RIW
TGROA I/0 Control
0| 0|0 |0 |TGROA |Outputdisabled
[, lisoutput [~ ,
1 compare Initial outputis |0 output at compare match
register |0 Output
110 g 1 output at compare match
1 Toggle output at compare match
1/0/0 Output disabled
1 Initial outputis |0 output at compare match
1 output
110 1 output at compare match
1 Toggle output at compare match
1100 |0 |TGROA |Captureinput Input capture at rising edge
. Jisinput |[source is -
1 capture | TIOCA, pin Input capture at falling edge
1 | = |register Input capture at both edges
IO Capture input Input capture at TCNT1 count-up/
source is channel |count-down
1/count clock

480

TGROB I/0 Control

0| 0|0| 0 |TGROB |Outputdisabled
[ |isoutput| -
1 compare Initial output is 0 output at compare match
register |0 output
110 9 1 output at compare match
1 Toggle output at compare match
1/0|0 Output disabled
1 Initial output is 0 output at compare match
0 output
110 1 output at compare match
1 Toggle output at compare match
10|00 |TGROB |Capture input Input capture at rising edge
——isinput |sourceis -
1 | capture TIOCB, pin Input capture at falling edge
1 | = |register Input capture at both edges
1% Capture input Input capture at TCNT1 count-up/
source is channel| count-down*?
1/count clock

input capture does not occur.

*: Don't care
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TIOROL—Timer I/O Control Register OL H'FFD3 TPUO

Bit : 7 6 5 4 3 2 1 0
: | 10D3 | 10D2 | 10D1 | 10D0 | 10C3 | 10C2 | 10C1 | 10C0 |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/IW RIW RIW RIW RIW R/IW RIW RIW
TGROC /O Control
0| 0|0 |0 |TGROC |Outputdisabled
[ |isoutput [ - | -
1 compare Initial outputis | 0 output at compare match
register | 0 output
1/0 g 1 output at compare match
1 Toggle output at compare match
1(0]0 Output disabled
1 Initial outputis | 0 output at compare match
1 output
110 1 output at compare match
1 Toggle output at compare match
1]0|0 |0 |TGROC | Capture input Input capture at rising edge
T isinput | source is falli d
capture | TIOCC, pin Input capture at falling edge
1 |+ |register Input capture at both edges
O Capture input Input capture at TCNT1 count-up/
source is channel count-down
1/count clock
*: Don't care
Note: When the BFA bit in TMDRO is set to 1 and TGROC is used as a buffer
register, this setting is invalid and input capture/output compare does not
occur.
TGROD 1/0O Control
0| 0|0 |0 |TGROD | Outputdisabled
[ |is output Initial A
1 compare nitial output is 0 output at compare match
register | 0 output
110 *Zg 1 output at compare match
1 Toggle output at compare match
1/]0|0 Output disabled
1 Initial output is 0 output at compare match
1 output
1/0 1 output at compare match
1 Toggle output at compare match
1]10|0]|0 |TGROD | Capture input Input capture at rising edge
—isinput | sourceis .
1 | capture TIOCDy pin Input capture at falling edge
1]+ ie;glster Input capture at both edges
1)* > Capture input Input capture at TCNT1 count-up/
source is channel | count-down*1
1/count clock

*: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCRL1 are set to B'000, and g/1 is used as
the TCNT1 count clock, this setting is invalid and input capture does not
occeur.

2. When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer
register, this setting is invalid and input capture/output compare does not
occur.

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the register operates as a buffer register.
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TIERO—Timer Interrupt Enable Register 0 H'FFD4 TPUO

Bit : 7 6 5 4 3 2 1 0

| TTGE | — | — | TCIEV | TGIED | TGIEC | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
Read/Write : R/W — — R/W R/W R/W R/W R/W

TGR Interrupt Enable A

0 | Interrupt request (TGIA)
by TGFA bit disabled

1 | Interrupt request (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt request (TGIB)
by TGFB bit disabled

1 | Interrupt request (TGIB)
by TGFB bit enabled

TGR Interrupt Enable C

0 | Interrupt request (TGIC) by
TGFC bit disabled

1 | Interrupt request (TGIC) by
TGFC bit enabled

TGR Interrupt Enable D

0 | Interrupt request (TGID) by TGFD
bit disabled

1 | Interrupt request (TGID) by TGFD
bit enabled

Overflow Interrupt Enable
0 | Interrupt request (TCIV) by TCFV disabled

1 | Interrupt request (TCIV) by TCFV enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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TSRO—Timer Status Register 0

H'FFD5

Bit : 7 6 5 4 2 1 0

| — | — | — | TCFV | TGFD | TGFC | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — RI(W)*  RI(W)*

RIWY*  RIW)*  RI(W)*

Input Capture/Output Compare Flag A

TPUO

0 | [Clearing conditions]

DISEL bit of MRB in DTC is 0

TGFA=1

* When DTC is activated by TGIA interrupt while

* When DMAC is activated by TGIA interrupt
while DTA bit of DMABCR in DMAC is 1
* When 0 is written to TGFA after reading

1 | [Setting conditions]

as output compare register

as input capture register

* When TCNT = TGRA while TGRA is functioning

« When TCNT value is transferred to TGRA by
input capture signal while TGRA s functioning

Input Capture/Output Compare Flag B

0 | [Clearing conditions]

of MRB in DTC is 0

« When DTC is activated by TGIB interrupt while DISEL bit

« When 0 is written to TGFB after reading TGFB = 1

1 | [Setting conditions]

output compare register

register

* When TCNT = TGRB while TGRB is functioning as

* When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input capture

Input Capture/Output Compare Flag C

0 | [Clearing conditions]

DTCis 0
* When 0 is written to TGFC after reading TGFC = 1

» When DTC is activated by TGIC interrupt while DISEL bit of MRB in

1 | [Setting conditions]

register

while TGRC is functioning as input capture register

« When TCNT = TGRC while TGRC is functioning as output compare

* When TCNT value is transferred to TGRC by input capture signal

Input Capture/Output Compare Flag D

0 | [Clearing conditions]

is0
* When 0 is written to TGFD after reading TGFD = 1

* When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC

1 | [Setting conditions]

TGROD is functioning as input capture register

* When TCNT = TGRD while TGRD is functioning as output compare register
* When TCNT value is transferred to TGRD by input capture signal while

Overflow Flag

0

[Clearing condition]
When 0 is written to TCFV after reading TCFV = 1

[Setting condition]
When the TCNT value overflows (changes from H'FFFF to H'0000 )

Note: * Can only be written with 0 for flag clearing.
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TCNTO—Timer Counter O H'FFD6 TPUO

Bit 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 O

Initalvalue: 0 0 0 O O O O O O O O O O 0 o0 O
Read/Write : 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

Up-counter
TGROA—Timer General Register 0A H'FFD8 TPUO
TGROB—Timer General Register 0B H'FFDA TPUO
TGROC—Timer General Register 0OC H'FFDC TPUO
TGROD—Timer General Register 0D H'FFDE TPUO
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvaluee : 17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : 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
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TCR1—Timer Control Register 1 H'FFEO TPU1

Bit : 7 6 5 4 3 2 1 0

| — | CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : — R/W R/W R/W R/W R/W R/W R/W

Time Prescaler

0 | 0 | 0 |Internal clock: counts on @/1
1 |Internal clock: counts on @/4
1 | 0 |Internal clock: counts on @/16
1 |Internal clock: counts on @/64
1 | 0 | 0 |External clock: counts on TCLKA pin input
1 |External clock: counts on TCLKB pin input
1 | 0 |Internal clock: counts on @/256
1 |Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase
counting mode.

Clock Edge*

0 | 0 | Countatrising edge

1 | Count at falling edge

1 | — | Count at both edges

Note: This setting is ignored when channel
1is in phase counting mode.

Counter Clear
0 | 0 |TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

1
1 | O |TCNT cleared by TGRB compare match/input capture
1

TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation*

Note: * Synchronous operation setting is performed by setting
the SYNC bitin TSYR to 1.
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TMDR1—Timer Mode Register 1 H'FFE1 TPU1

Bit : 7 6 5 4 3 2 1 0
|—|—|—|—|MD3|MD2|MD1|MDO|
Initial value : 1 1 0 0 0 0 0 0
Read/Write : — — — — R/W R/IW ‘ R/W R/W
Mode
0 | 0 | 0 | 0 |Normal operation
1 |Reserved
1|0 |PWMmode 1
1 |PWM mode 2
1 | 0 | O |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1l | x|+ |

* : Don't care

Note: MD3 is a reserved bit. In a write, it
should always be written with 0.
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Bit

Initial value :
Read/Write :

TIOR1—Timer I/O Control Register 1 H'FFE2 TPU1
: 7 6 4 3 2 1 0
| 10B3 | 10B2 | 10B1 | 10B0 | 10A3 | I0A2 | I0A1 | I0A0 |
0 0 0 0 0 0 0 0
R/IW RIW RIW RIW RIW R/W RIW RIW
TGR1A I/O Control
0| 0|0 |0 |TGR1A |Outputdisabled
[ |isoutput |~ -
1 compare Initial outputis | 0 output at compare match
register 0 output
1|0 9 1 output at compare match
1 Toggle output at compare match
1/0/]0 Output disabled
1 Initial outputis | 0 output at compare match
1 output
1|0 1 output at compare match
1 Toggle output at compare match
1|0 |0 |0 |TGR1A | Capture input Input capture at rising edge
[ ]isinput | source is -
1 capture | TIOCA, pin Input capture at falling edge
1 |+ |register Input capture at both edges
1|*|* Capture input Input capture at generation of
source is TGROA| channel 0/TGROA compare match/
compare match/ | input capture
input capture
* : Don't care
TGR1B 1/O Control
0| 0|0 |0 |TGR1B | Output disabled
is output [~ .
1 compare Initial output is 0 output at compare match
; 0 output
1|0 |register P 1 output at compare match
1 Toggle output at compare match
1100 Output disabled
1 Initial outputis | 0 output at compare match
1 output
1,0 1 output at compare match
1 Toggle output at compare match
110 )|0|0 |TGR1B | Capture input Input capture at rising edge
isinput | source is -
1 capture | TIOCB; pin Input capture at falling edge
1 | * |register Input capture at both edges
IO Capture input Input capture at generation of
source is TGROC| TGROC compare match/input
compare match/ | capture
input capture
*: Don't care
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TIER1—Timer Interrupt Enable Register 1 H'FFE4 TPU1

Bit : 7 6 5 4 3 2 1 0

| TTGE | — | TCIEU | TCIEV | — | — | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
Read/Write :  R/W_ — R/W R/W — — RW. R/W

TGR Interrupt Enable A

0 | Interrupt request (TGIA)
by TGFA bit disabled
1 | Interrupt request (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt request (TGIB)
by TGFB bit disabled
1 | Interrupt request (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt request (TCIV) by TCFV disabled

1 | Interrupt request (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt request (TCIU) by TCFU disabled

1 | Interrupt request (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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TSR1—Timer Status Register 1 H'FFE5
Bit . 7 6 5 4 3 2 1 0
| TCFD | - | TCFU | TCFV | - | — | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
Read/Write : R — RIW)*  RI(W)* _ _ RIGW)  RIW)*

o

Input Capture/Output Compare Flag A

0 | [Clearing conditions]

« When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC is 0

* When DMAC is activated by TGIA interrupt
while DTA bit of DMABCR in DMAC is 1

* When 0 is written to TGFA after reading
TGFA=1

1 | [Setting conditions]

* When TCNT = TGRA while TGRA is functioning
as output compare register

« When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning

TPU1

as input capture register

Input Capture/Output Compare Flag B

0

[Clearing conditions]

* When DTC is activated by TGIB interrupt while DISEL

bit of MRB in DTC is 0
* When 0 is written to TGFB after reading TGFB = 1

[Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

« When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

Overflow Flag

0 | [Clearing condition]

When 0 is written to TCFV after reading TCFV = 1

1 | [Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0

[Clearing condition]

When 0 is written to TCFU after reading TCFU = 1

[Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag

0

TCNT counts down

1

TCNT counts up

Note: * Can only be written with 0 for flag clearing.
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TCNT1—Timer Counter 1 H'FFE6 TPU1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initialvalue : 0 0 0 O O O O O O O O O O O o0 o
Read/Write : 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

Up/down-counter*

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel. In
other cases it functions as an up-counter.

TGR1A—Timer General Register 1A H'FFE8 TPUL
TGR1B—Timer General Register 1B H'FFEA TPUL
Bit 15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue : 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : 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
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TCR2—Timer Control Register 2

Bit

Initial value
Read/Write

5 4

0 0 0

H'FFFO TPU2
3 2 1 0
| CCLR1| CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO |
0 0 0 0
RIW RIW RIW RIW

R/IW R/W R/W

Time Prescaler

0

00

Internal clock: counts on @/1

Internal clock: counts on @/4

Internal clock: counts on @/16

Internal clock: counts on @/64

External clock: counts on TCLKA pin input

External clock: counts on TCLKB pin input

External clock: counts on TCLKC pin input

o
Rrlo|r|o|r|oO|r

Internal clock: counts on /1024

Clock Edge

Note: This setting is ignored when channel 2 is in phase

counting mode.

0

0 | Count atrising edge

1 | Count at falling edge

1

— | Count at both edges

Counter Clear

Note: This setting is ignored when channel

2 is in phase counting mode.

0 | O |TCNT clearing disabled
1 |TCNT cleared by TGRA compare match/input capture
1 | O |TCNT cleared by TGRB compare match/input capture
1 |TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation*
Note: * Synchronous operation setting is performed by setting

the SYNC bitin TSYR to

HITACHI
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TMDR2—Timer Mode Register 2

Bit

Initial value :
Read/Write :
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H'FFF1 TPU2
: 7 4 3 2 1 0
| — | — |MD3|MD2|MD1|MDO|
1 0 0 0 0 0
— — R/W R/W ‘ R/W R/W
Mode
0 | 0|0 | O |Normal operation
1 |Reserved
1|0 |PWMmode 1
1 |PWM mode 2
1|0 | 0 |Phase counting mode 1
1 |Phase counting mode 2
1 | 0 |Phase counting mode 3
1 |Phase counting mode 4
1| x| x| x|
* : Don't care
Note: MD3 is a reserved bit. In a write, it

should always be written with 0.



TIOR2—Timer I/O Control Register 2 H'FFF2 TPU2

Bit : 7 6 5 4 3 2 1 0
| 10B3 | 10B2 | 10B1 | 10BO | I0A3 | I10A2 | 10A1 | I0A0 |
Initial value : 0 0 0 0 0 0 0 0
Read/Write : R/W R/W RIW RIW R/W R/W RIW R/W
|
TGR2A 1/0 Control
0O|0|0]0 TGR2A | Output disabled
Tfo?nu;glrjé Initial output is | O output at compare match
1| 0 |register | Ooutput 1 output at compare match
1] Toggle output at compare match
11010 Output disabled
T Initial output is 0 output at compare match
1|0 1 output 1 output at compare match
N Toggle output at compare match
1| *|0]0 |TGR2A | Captureinput | Input capture at rising edge
Ti:sai;tﬂlrlé ??(L)"(gzzispin Input capture at falling edge
1 | * |register Input capture at both edges
*: Don'’t care
TGR2B I/0 Control
0O|0]|0|O TGRZB Output disabled
T ICSO?T:gglrjé Initial output is 0 output at compare match
1| o |register | Ooutput 1 output at compare match
1| Toggle output at compare match
11010 Output disabled
T Initial output is | O output at compare match
1]0 1 output 1 output at compare match
T Toggle output at compare match
1) *10|0|TGR2B | Capture input Input capture at rising edge
T icsaipntzlrjé iclygrccgzispm Input capture at falling edge
1 | * | register Input capture at both edges

* : Don't care
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TIER2—Timer Interrupt Enable Register 2 H'FFF4 TPU2

Bit : 7 6 5 4 3 2 1 0

| TTGE | —_ | TCIEU | TCIEV | —_ | —_ | TGIEB | TGIEA |
Initial value : 0 1 0 0 0 0 0 0
Read/Write :  R/W_ — R/W R/W — — RW  RW

TGR Interrupt Enable A

0 | Interrupt request (TGIA)
by TGFA bit disabled
1 | Interrupt request (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B

0 | Interrupt request (TGIB)
by TGFB bit disabled
1 | Interrupt request (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt request (TCIV) by TCFV disabled

1 | Interrupt request (TCIV) by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt request (TCIU) by TCFU disabled

1 | Interrupt request (TCIU) by TCFU enabled

A/D Conversion Start Request Enable

0 | A/D conversion start request generation disabled

1 | A/D conversion start request generation enabled
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TSR2—Timer Status Register 2 H'FFF5 TPU2
Bit : 7 6 5 4 3 2 1 0
| TCFD | — | TCFU | TCFV | — | — | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
Read/Write : R — RI(W)*  RI(W)* — — ﬂW)* R/(W)*

o

Input Capture/Output Compare Flag A

0 | [Clearing conditions]

* When DTC is activated by TGIA interrupt
while DISEL bit of MRB in DTC is 0

* When DMAC is activated by TGIA interrupt
while DTA bit of DMABCR in DMAC is 1

* When 0 is written to TGFA after reading
TGFA=1

1 | [Setting conditions]

* When TCNT = TGRA while TGRA is
functioning as output compare register

* When TCNT value is transferred to TGRA by
input capture signal while TGRA is functioning
as input capture register

Input Capture/Output Compare Flag B

0

[Clearing conditions]

* When DTC is activated by TGIB interrupt while DISEL
bit of MRB in DTC is 0

* When 0 is written to TGFB after reading
TGFB =1

[Setting conditions]

* When TCNT = TGRB while TGRB is functioning as
output compare register

* When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

Overflow Flag

0 | [Clearing condition]
When 0 is written to TCFV after reading TCFV = 1

1 | [Setting condition]
When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0 | [Clearing condition]
When 0 is written to TCFU after reading TCFU = 1

1 | [Setting condition]
When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag
0 | TCNT counts down
1 | TCNT counts up

Note: * Can only be written with O for flag clearing.
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TCNT2—Timer Counter 2 H'FFF6 TPU2

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initialvalve: ' 0 o o 0 0 O O O O O O O O O O O
Read/Write : 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

Up/down-counter*

Note: * This timer counter can be used as an up/down-counter only in phase counting
mode or when performing overflow/underflow counting on another channel. In
other cases it functions as an up-counter.

TGR2A—Timer General Register 2A H'FFF8 TPU2
TGR2B—Timer General Register 2B H'FFFA TPU2
Bit - 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvalue: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write : 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
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