ADE-802-223
Rev. 1.0
09/09/98
Hitachi, Ltd.
MC-Setsu

o
Hitachy ‘L

semiconductor

H8S/2338 Series,
H8S/2328 Series

Overview

HITACHI



Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’ s rights, including
intellectual property rights, in connection with use of the information contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’ s sales office before using the product in an application that demands especially high
quality and reliability or where its failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or damage
when used beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally
foreseeable failure rates or failure modes in semiconductor devices and employ systemic measures
such as fail-safes, so that the equipment incorporating Hitachi product does not cause bodily injury,
fire or other consequential damage due to operation of the Hitachi product.

5. Thisproduct is not designed to be radiation resistant.

6. No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

7. Contact Hitachi’ s sales office for any questions regarding this document or Hitachi semiconductor
products.




Preface

Hitachi’ s H8S family of single-chip microcomputers comprises a number of new series offering
the high performance and low power consumption of the existing H8 Series, which iswidely used
for machine control, etc., together with significantly greater ease of use.

The H85/2000 Series features CPU object-level compatibility with the H8/300H Series, H8/300
Series, and H8/300L Series within the H8 Series.

Series Features

H8S/2000 Upward-compatible with the H8/300H Series and H8/300 Series; twice the
performance at the same frequency

H8/300H 16-Mbyte linear address space; upward-compatible with the H8/300 Series; concise
instruction set; powerful word-size and longword-size arithmetic instructions

H8/300 64-kbyte address space; general register system; concise instruction set; powerful
bit manipulation instructions

H8/300L Same CPU as the H8/300 Series; consumer application oriented supporting
modules; low voltage, low power consumption

This manual gives an overview of the 144-pin version H8S/2338 Series and 120/128-pin version
H85/2328 Series within the H8S/2000 Series.

Intended Reader ship: This Overview isintended for readers who have a basic understanding of
microcomputers, and are looking for information on the features and functions of the H85/2338,
and H8S/2328 Series. Readers undertaking system design using these products, or requiring more
detailed information on their use, should refer to the relevant Hardware Manuals, Reference
Manual, and the H8S/2600 and H8S/2000 Series Programming Manual.

Related Documents

Contents Title Document No.
H8S/2338 Series and H8S/2338 Series and H8S/2328 Series TBD (Scheduled
H8S/2328 Series hardware Hardware Manual publication: 9/98)

H8S/2338 Series Reference Manual
H8S/2328 Series Reference Manual

H8S/2000 Series execution H8S/2600 Series and H8S/2000 Series ADE-602-083A
instructions Programming Manual

The product specifications in this Overview are subject to change without notice. The relevant
Hardware Manual must be used when undertaking product design.
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On-Chip Supporting Modules

Series H8S/2338 Series H8S/2328 Series
Product names H8S/2338, 2337, 2332 H8S/2328, 2327, 2323, 2322
Bus controller (BSC) Available (16-bit) Available (16-bit)
DMA controller (DMAC) Available Available

Data transfer controller (DTC) Available Available

16-hit timer pulse unit (TPU) %6 %6
Programmable pulse generator (PPG) Available Available

8-bit timer x2 x2

Watchdog timer (WDT) x1 x1

Serial communication interface (SCI)  x3 x3

A/D converter x12 x8

D/A converter x4 x2

Pacakges FP-144 TFP-120, FP-128
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Section1 Overview of H8S/2338 Series

1.1 Features of H85/2338 Series

H8S/2338 Series microcomputers are designed for
faster instruction execution, using arealtime control
oriented CPU with an internal 32-bit architecture, and
can run programs based on the C high-level language
efficiently. Aswell as large-capacity ROM and RAM,
these microcomputers include comprehensive on-chip
supporting modules needed for control systems,
simplifying the implementation of sophisticated, high-
performance systems.

High-performance H8S/2000 CPU

» General-register architecture
O Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit
registers)
» High-speed operation suitable for reatime control
0 20 MHz maximum operating frequency (VCC =2.7 V to 3.6 V)
O High-speed arithmetic operations (at 20 MHz operation)
8/16/32-hit register-register add/subtract: 50 ns
16 x 16-bit register-register multiply: 1000 ns
32 + 16-hit register-register divide: 1000 ns
» Instruction set suitable for high-speed operation
O Sixty-fivetypes of basic instructions
O 8/16/32-hit transfer instructions
O Unsigned/signed multiply and divide instructions
O Powerful bit manipulation instructions
» CPU operating mode
0 Advanced mode: Maximum 16-Mbyte address space

256-kbyte flash memory or 256-/128-kbyte mask ROM on-chip
On-chip high-speed static RAM

» 8kbytes

HITACHI



Bus controller on-chip

Address space divided into 8 areas, with bus specifications settable independently for each area
Chip select output possible for areas0to 7

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

2-state or 3-state access space can be set for each area

Number of program wait states can be set for each area

Up to 8 Mbytes of DRAM can be directly connected (or interval timer can be used)

External bus release function

DMA controller (DMAC)

Selection of short address mode or full address mode

Four channelsin short address mode, two channelsin full address mode
Transfer possiblein repeat mode, block transfer mode, etc.

Single address mode transfer possible

Can be activated by internal interrupt

Datatransfer controller (DTC)

Activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one activation source
Transfer possiblein repeat mode, block transfer mode, etc.

Request can be sent to CPU for interrupt that activated DTC

16-bit timer -pulse unit (TPU)

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

Programmable pulse generator (PPG)

Maximum 8-hit pulse output possible with TPU astime base
Output trigger selectable in 4-bit groups

Non-overlap interval can be set

Direct output or inverse output setting possible
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Two 8-bit timer (TMR) channels
Features of each channel:

e 8-bit up-counter (externa event count capability)
» Two time constant registers
» 2-channel cascaded connection possible

Watchdog timer (WDT)
e Watchdog timer or interval timer function selectable
Three serial communication interface (SCI) channels (SCI0 to SCI2)

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

A/D converter

* Resolution: 10 bits

e Input: 12 channels

» High-speed conversion: 6.7 pis minimum conversion time (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
e Output; 4 channels

Sixteen 1/O ports
* 106 1/0 pins, 12 input-only pins
Interrupt controller

* Nineexternal interrupt pins (NMI, IRQO to IRQ7)
» 52internal interrupt sources
» Choice of two interrupt control modes
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Power-down state

*  Medium-speed mode

e Sleep mode

e Module stop mode

« Software standby mode
e Hardware standby mode

Four MCU operating modes

External Data Bus

CPU Operating On-Chip Initial Maximum

Mode Mode Description ROM Value Value

4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode

5 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode

6* On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode

7* Single-chip mode Enabled — —

Note: * Cannot be used in the H8S/2332 Series.

On-chip clock pulse generator (1:1 oscillation)

 Built-in duty correction circuit

Package

o 144-pin plastic QFP (FP-144)

Product lineup (preliminary)

Product Name

Mask ROM F-ZTAT™ ROMless ROM/RAM

Version Version Version (Bytes) Package

HD6432338* HD64F2338 — 256 k/8 k FP-144

HD6432337* — — 128 k/8 k

— — HD6412332 —/8 k

Note: F-ZTAT™ is a trademark of Hitachi Ltd.
* In the planning stage

HITACHI



Pin Arrangement and Functions
144-pin plastic QFP (FP-144)

H8S/2338 Series Pin Arrangement

1.2
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Pin Functions

Type Symbol 1/0 Name and Function
Power VCC Input Power supply
VSS Input Ground
Connected to the power supply (0 V).
Clock XTAL Input Connects to a crystal oscillator.
EXTAL Input Connects to a crystal oscillator, or external
clock input.
[} Output  System clock
Operating mode MD2 to MDO Input Set mode pins
control
System control RES Input Reset input
STBY Input Standby
BREQ Input Bus request
BREQO Output  Bus request output
BACK Output  Bus request acknowledge
FWE Input Flash write enable
Interrupt signal NMI Input Nonmaskable interrupt
IRQ7 to IRQO Input Interrupt request 7 to 0
Address bus A23 to AO Output  Address bus
Data bus D15 to DO I/0 Data bus
Bus control CS7 to CSO Output  Chip select/low address strobe (CS7 to CS0)
AS Output  Address strobe
RD Output  Read
HWR Output  High write/write enable
LWR Output  Low write
CAS Output  Upper column address strobe/column address
strobe
LCAS Output  Lower column address strobe
WAIT Input Wait
DMA controller DREQ1, DREQO  Input DMA request 1 and 0
(DMAC) TEND1, TENDO  Output DMA transfer end 1 and 0
DACK1,DACKO  Output  DMA transfer acknowledge 1 and 0
6
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Type Symbol I/O Name and Function

16-bit timer-pulse  TCLKA to TCLKD Input Clock input Ato D

unit (TPU) TIOCAO, TIOCBO, 1/0 Input capture/output compare match A0 to DO
TIOCCO, TIOCDO
TIOCA1, TIOCB1 /O Input capture/output compare match Al and B1
TIOCA2, TIOCB2 /O Input capture/output compare match A2 and B2
TIOCA3, TIOCB3, I/O Input capture/output compare match A3 to D3
TIOCC3, TIOCD3
TIOCA4, TIOCB4 I/O Input capture/output compare match A4 and B4
TIOCAS5, TIOCB5 I/O Input capture/output compare match A5 and B5

Programmable PO15 to POO Output  Pulse output 15to 0

pulse generator

(PPG)

8-bit timer TMOO0, TMO1 Output  Compare match output
TMCIO, TMCI1 Input Counter external clock input
TMRIO, TMRI1 Input Counter external reset input

Watchdog timer WDTOVF Output  Watchdog timer overflow

(WDT)

Serial TxD2, TxD1, Output  Transmit data (channel 2, 1, 0)

communication TxDO

interface (SCI)/ RxD2, RxD1, Input Receive data (channel 2, 1, 0)

Smart Card

) RxDO

interface -
SCK2, SCK1, 110 Serial clock (channel 2, 1, 0)
SCKO

A/D converter AN15 to AN12, Input Analog input

(ADC) AN7 to ANO
ADTRG Input A/D conversion external trigger input

D/A converter DA3 to DAO Output  Analog output

A/D converter and AVCC Input This is the power supply pin for the A/D

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

D/A converter.

Vref Input This is the reference voltage input pin for the

A/D converter and D/A converter.
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Type Symbol 1/0 Name and Function

I/O ports P17 to P10 1/0 Port 1
P27 to P20 I/0 Port 2
P35 to P30 110 Port 3
P47 to P40 Input Port 4
P57 to P54 Input Port 5
P53 to P50 I/0
P67 to P60 1/0 Port 6
P75 to P70 I/O Port 7
P86 to P80 110 Port 8
P97 to P92 1/0 Port 9
PA7 to PAO I/O Port A
PB7 to PBO 1/0 Port B
PC7 to PCO 1/0 Port C
PD7 to PDO I/O Port D
PE7 to PEO 1/0 Port E
PF7 to PFO 1/0 Port F
PG4 to PGO I/0 Port G

8
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13

Block Diagram

Internal Block Diagram of H85/2338 Series
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High-performance H8S/2000 CPU

10

General-register architecture

Section 2 Overview of H85/2328 Series

Features of H85/2328 Series

H8S/2328 Series microcomputers are designed for
faster instruction execution, using a realtime control
oriented CPU with an internal 32-bit architecture, and
can run programs based on the C high-level language
efficiently. Aswell aslarge-capacity ROM and RAM,
these microcomputers include comprehensive on-chip
supporting modules needed for control systems,
simplifying the implementation of sophisticated, high-
performance systems.

The H85/2328 Series is pin-compatible with the
H8S/2357 Series.

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

High-speed operation suitable for realtime control

g
U

20 MHz maximum operating frequency (VCC =2.7V t0 3.6 V)
High-speed arithmetic operations (at 20 MHz operation)
8/16/32-hit register-register add/subtract: 50 ns

16 x 16-bit register-register multiply: 1000 ns

32 + 16-hit register-register divide: 1000 ns

Instruction set suitable for high-speed operation
O Sixty-fivetypes of basic instructions

O 8/16/32-bit transfer instructions

0 Unsigned/signed multiply and divide instructions
O Powerful bit manipulation instructions

CPU operating mode

O Advanced mode: Maximum 16-Mbyte address space
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256-kbyte flash memory or 256-/128-/32-kbyte mask ROM on-chip
On-chip high-speed static RAM

» 8kbytes

Bus controller on chip

e Address space divided into 8 areas, with bus specifications settable independently for each area
e Chip select output possible for areas 0 to 7

e Selection of 8-bit or 16-bit access space for each area

o 2-state or 3-state access space can be set for each area

e Number of program wait states can be set for each area

* Upto 8 Mbytes of DRAM can be directly connected (or interval timer can be used)

» Externa busrelease function

DMA controller (DMAC)

» Selection of short address mode or full address mode

* Four channelsin short address mode, two channelsin full address mode
» Transfer possiblein repeat mode, block transfer mode, etc.

» Single address mode transfer possible

» Can be activated by internal interrupt

Data transfer controller (DTC)

» 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

16-bit timer-pulse unit (TPU)

* Six-channel 16-bit timer on-chip
e Pulse1/O processing capability for up to 16 pins
» Automatic 2-phase encoder count capability

Programmable pulse generator (PPG)

* Maximum 8-bit pulse output possible with TPU as time base
» Output trigger selectable in 4-bit groups

* Non-overlap interval can be set

» Direct output or inverse output setting possible

11
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Two 8-bit timer (TMR) channels
Features of each channel:

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

Watchdog timer (WDT)
« Watchdog timer or interval timer function selectable
Three serial communication interface (SCI) channels (SCI0 to SCI2)

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

A/D converter

* Resolution: 10 bits

e |Input: 8 channels

» High-speed conversion: 6.7 pis minimum conversion time (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
e Output; 2 channels

Thirteen 1/0 ports
e 871/0 pins, 8 input-only pins
Interrupt controller

* Nineexternal interrupt pins (NMI, IRQO to IRQ?7)
e 52interna interrupt sources
» Choice of two interrupt control modes

12
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Power-down state

*  Medium-speed mode

e Sleep mode

* Module stop mode

» Software standby mode
» Hardware standby mode

Four MCU operating modes

External Data Bus

CPU Operating On-Chip Initial Maximum

Mode Mode Description ROM Value Value

4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode

5 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode

6* On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode

7* Single-chip mode Enabled — —

Note: * Cannot be used in the H8S/2322 Series.

On-chip clock pulse generator (1:1 oscillation)

 Built-in duty correction circuit

Packages

* 120-pin plastic TQFP (TFP-120)

e 128-pin plastic QFP (FP-128)

Product lineup (preliminary)

Product Name

Mask ROM F-ZTAT™ ROMless ROM/RAM

Version Version Version (Bytes) Packages

HD6432328* HD64F2328 — 256 k/8 k TFP-120, FP-128

HD6432327* — — 128 k/8 k

HD6432323* — — 32 k/8 k

— — HD6412322 —/8 k

Note: F-ZTAT™ is a trademark of Hitachi Ltd.
* In the planning stage

HITACHI
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2.2

H8S/2328 Series Pin Arrangement

e 120-pin plastic TQFP (TFP-120)

Pin Arrangement and Functions

OCC3/TMRIO

OCD3/TMCIO
OCA4/TMRI1

OCB4/TMCI1
OCA5/TMO0
OCB5/TMO1

P52/SCK2/TRQ6 [
P53/ADTRG/IRQ7/WAIT/BREQO [
Avcce O

Vref O

P40/ANO O]

P41/AN1 O

P42/AN2 O

P43/AN3 O

P44/AN4 O

P45/AN5 [

P46/AN6/DAO
P47/AN7/DAL O

Avss O

vss O
P17/PO15/TIOCB2/TCLKD O
P16/PO14/TIOCA2 O
P15/PO13/TIOCB1/TCLKC O
P14/PO12/TIOCAL O
P13/PO11/TIOCDO/TCLKB O
P12/PO10/TIOCCO/TCLKA O
P11/PO9/TIOCBO/DACKT O
P10/PO8/TIOCA0/DACKO O
MDO O

MD1 O

MD2 O

PGO/CAS O

PG1/CS3 O

PG2/CS2 O

PG3/CST O

PG4/CS0 O

90 [ P51/RxD2/IRQ5

89 [0 P50/TxD2/IRQ4

88 [1 PFO/BREQ

87 1 PF1/BACK

86 [1 PF2/LCAS/WAIT/BREQO

85 [1 PF3/LWR

84 [1 PF4/HWR

831 PF5/RD

82 [1 PF6/AS
81 [ vcc
801 PF7/g
79 A VvSs
78 [ EXTAL
77 @A XTAL
76 @ vccC

75 A STBY
74 [ NMI

TFP-120
(Top view)

73 @ RES

72 1 WDTOVF(FWE)*
71 [0 P20/PO0/TIOCA3
70 @ P21/POLTIOCB3

69 [ P22/PO2/T
68 1 P23/PO3/T
67 A P24/PO4/T
66 [ P25/PO5/T
65 [0 P26/PO6/T
64 [0 P27/PO7/T

63 [ P63/TEND1

62 1 P62/DREQ1

61 [0 P61/TENDO/CS5

60
59
58
57
56
55
54
53
52
51
50
49
48
a7
46
45
44
43
42
a1
40
39
38
37
36
35
34
33
32
31

O0000000000000000 0000000000000

Pco/A0 O 2

PC1/A1 O 3

PC2/A2 O 4

PC3/A3 [ 5

vss O 6
Pca/A4 O 7

PC5/A5 [ 8

Pce6/A6 [ 9

PC7/A7 [ 10
PBO/A8 [ 11
PB1/A9 O 12
PB2/A10 [ 13
PB3/A11 [ 14

VvSsS [ 15
PB4/A12 [ 16

PB5/A13 [ 17

PB6/A14 [ 18

PB7/A15 [ 19

PAO/A16 [ 20

PA1/A17 [0 21

PA2/A18 [ 22

PA3/A19 [ 23

VSS [ 24

RQ4 [ 25

PA4/A20/

RQ5 O 26

PA5/A21/

RQ6 O 27

PA6/A22/

RQ7 [ 28

PA7/A23/
P67/CS7/

Note: * This pin has the WDTOVF pin function in the mask ROM and ROMless versions.
In the F-ZTAT version, the WDTOVF pin function is not available, and this pin is the FWE pin.

RQ3 O 29

P66/CS6/

RQ2 [ 30

P60/DREQO/CS4
&S
P35/SCK1
P34/SCKO
P33/RxD1
P32/RxD0O
P31/TxD1
P30/TxDO
vce
PD7/D15
PD6/D14
PD5/D13
PD4/D12
&S
PD3/D11
PD2/D10
PD1/D9
PDO/D8
PE7/D7
PE6/D6
PES/D5
PE4/D4
&S
PE3/D3
PE2/D2
PE1/D1
PEO0/DO
vce
P64/IRQ0
P65/IRQT

14
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128-pin plastic QFP (FP-128)

SSA
¥$0/0034A/09d

SSA

SSA

GSO/0ANTL/T9d
1034A/29d

LAN3L/E9d
TOWL/SED0I1L/L0d/.2d
0OWL/SVD0IL/90d/92d
TIDWL/7E8D0IL/50d/Sed
TIINL/PYOOIL/FOd/ved
OIDINL/EADOIL/EOd/E2d
OIYINL/EDDO0IL/Z0d/22d
€4001L/10d/T2d
€vO0I1/00d/02d
L@MA)IA0LAM

s34

INN

Adls

20N

WLX

IviX3

SSA

8/.4d

00N

SV/94d

Qad/s4d

HMH/¥d

HM1/€dd
003HE/LIVM/SYO1/24d
Move/T4d

0348/04d
yOH1/2a%x1/0Sd
SOHI/2axd/1Sd

SSA

SSA

90H1/2X40S/25d
0DIHE/LIVMW/LOHI/DYELAY/ESd

64 [ P35/SCK1
63 [ P34/SCKO
62 [ P33/RxD1
61 [ P32/RxDO
60 [ P31/TxD1
59 [ P30/TxDO
58 A vcC

57 B PD7/D15
56 [1 PD6/D14
55 0 PD5/D13
54 O PD4/D12
53 A VSS

52 0 PD3/D11
51 0 PD2/D10
50 A PD1/D9
49 [ PDO/D8
48 0 PE7/D7
47 0 PE6/D6
46 [0 PE5/D5
45 [0 PE4/D4
44 O vss

43 0 PE3/D3
42 1 PE2/D2
41 O PE1/D1
40 O PE0O/DO
39 O vCC

FP-128
(Top view)

121
122
MDO [ 123
MD1 O 124
MD2 O 125

PGO/CAS [0 126

Vref 00 104
P40/ANO [ 105
vss O 114

Avcc 0103
P17/PO15/TIOCB2/TCLKD O 115

P11/PO9/TIOCBO/DACK1 O
P10/PO8/TIOCAO0/DACKO O

P46/AN6/DAO [ 111
P47/AN7/DAL O 112

P14/PO12/TIOCAL [ 118

P16/PO14/TIOCA2 [ 116
P13/P0O11/TIOCDO/TCLKB O 119

P15/PO13/TIOCB1/TCLKC O 117
P12/P0O10/TIOCCO/TCLKA O 120

GO TdNMNITINONOROANDNIWONDVDDO AN®DTOON®D
AdAdAdAddAdAdAddAdNNNNNNNNNONOOO®H® OO

HAN®MS W0 ON~®

PG1/CS3 O 127

PG2/CS2 0 128

2OH1/950/99d
£OHI/LSD/29d
LOHI/€2V/LVd
90HI/Z2V/9vd
GOHI/T2ZV/SVd
YOHI/02Y/¥Vd
SSA

6TV/EVd
8TV/2vd
1TV/TVd
9TV/0Vd
STv//8d
vTv/99d
£Tv/Sad
ZIv/vad

SSA

TTV/e9d
0Tv/z9d
6v/Tad
8v/09d
1V/20d
9v/90d
Gv/S0d
¥¥/v0d

SSA

£v/€0d
2v/20d
TV/10d
0v/00d

20N

oN

SSA

0S0/¥9d
180/€9d
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In the F-ZTAT version, the WDTOVF pin function is not available, and this pin is the FWE pin.

Note: * This pin has the WDTOVF pin function in the mask ROM and ROMless versions.




Pin Functions

Type Symbol 1/0 Name and Function
Power VCC Input Power supply
VSS Input Ground
Connected to the power supply (0 V).
Clock XTAL Input Connects to a crystal oscillator.
EXTAL Input Connects to a crystal oscillator, or external
clock input.
[} Output  System clock
Operating mode MD2 to MDO Input Set mode pins
control
System control RES Input Reset input
STBY Input Standby
BREQ Input Bus request
BREQO Output  Bus request output
BACK Output  Bus request acknowledge
FWE Input Flash write enable
Interrupt signal NMI Input Nonmaskable interrupt
IRQ7 to IRQO Input Interrupt request 7 to 0
Address bus A23 to AO Output  Address bus
Data bus D15 to DO I/0 Data bus
Bus control CS7 to CSO Output  Chip select/low address strobe (CS7 to CS0)
AS Output  Address strobe
RD Output  Read
HWR Output  High write/write enable
LWR Output  Low write
CAS Output  Upper column address strobe/column address
strobe
LCAS Output  Lower column address strobe
WAIT Input Wait
DMA controller DREQ1, DREQO  Input DMA request 1 and 0
(DMAC) TEND1, TENDO  Output DMA transfer end 1 and 0
DACK1,DACKO  Output  DMA transfer acknowledge 1 and 0
16
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Type Symbol I/O Name and Function
16-bit timer-pulse  TCLKA to TCLKD Input Clock input Ato D
, , nput capture/output compare matc to
unit (TPU) TIOCAO, TIOCBO, 1/0 | / h A0 to DO
TIOCCO, TIOCDO
TIOCA1, TIOCB1 /O Input capture/output compare match Al and B1
TIOCA2, TIOCB2 /O Input capture/output compare match A2 and B2
TIOCA3, TIOCB3, I/O Input capture/output compare match A3 to D3
TIOCC3, TIOCD3
TIOCA4, TIOCB4 I/O Input capture/output compare match A4 and B4
TIOCAS5, TIOCB5 I/O Input capture/output compare match A5 and B5
Programmable PO15 to POO Output  Pulse output 15to 0
pulse generator
(PPG)
8-bit timer TMOO0, TMO1 Output  Compare match output
TMCIO, TMCI1 Input Counter external clock input
TMRIO, TMRI1 Input Counter external reset input
Watchdog timer WDTOVF Output  Watchdog timer overflow
(WDT)
Serial TxD2, TxD1, Output  Transmit data (channel 2, 1, 0)
communication TxDO
interface (SCI)/ RxD2, RxD1, Input Receive data (channel 2, 1, 0)
Smart Card RxDO
interface -
SCK2, SCK1, 110 Serial clock (channel 2, 1, 0)
SCKO
A/D converter AN7 to ANO Input Analog input
(ADC) ADTRG Input A/D conversion external trigger input
D/A converter DA1, DAO Output  Analog output
A/D converter and AVCC Input This is the power supply pin for the A/D
D/A converter converter and D/A converter.
AVSS Input This is the ground pin for the A/D converter and
D/A converter.
Vref Input This is the reference voltage input pin for the

A/D converter and D/A converter.

17
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Type Symbol 1/0 Name and Function

I/O ports P17 to P10 1/0 Port 1
P27 to P20 I/0 Port 2
P35 to P30 110 Port 3
P47 to P40 Input Port 4
P53 to P50 I/0 Port 5
P67 to P60 1/0 Port 6
PA7 to PAO 1/0 Port A
PB7 to PBO I/O Port B
PC7 to PCO 1/0 Port C
PD7 to PDO 1/0 Port D
PE7 to PEO I/O Port E
PF7 to PFO 1/0 Port F
PG4 to PGO 1/0 Port G

18
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2.3

Block Diagram

Internal Block Diagram of H85/2328 Series

MD2
MD1

MDO

EXTAL

XTAL

STBY

RES
WDTOVF(FWE)"*
NMI

PF7/g
PF6/AS
PF5/RD
PF4/HWR
PF3/LWR

PF2LCAS/WAIT/BREQO

PF1/BACK
PFO/BREQ

PG4/CS0
PG3/CST
PG2/CS2
PG1/CS3
PGO0/CAS

P67/CS7/IRQ3
P66/CS6/IRQ2
P65/IRQT
P64/IRQ0
P63/TENDT
P62/DREQ1T
P61/TENDO/CS5
P60/DREQO/CS4

Notes:

vcC
vCcC
vcc
vcc
vcc
VSSs
VSS
VSS
VSsSs
VSsSs
VSS
VSS
VSS

[+ PD7/D15
== PD6/D14
[+ PD5/D13
[+=PD4/D12
[+=PD3/D11
[+=PD2/D10
[+=PD1/D9
[+= PD0/D8
[~ PE7/D7
[~ PE6/D6
[~ PE5/D5
[~ PE4/D4
[~ PE3/D3
[~ PE2/D2
[~ PE1/D1
[+= PE0/DO

Port D

Port E

—
1

M

N

|-
o

U

P

-~

P

Port F

Port G
11

1w

Port 6

N

N

N

MO

1eal

YTT

Clock pulse

generator

H8S/2000 CPU

\Memiljddvess bus

Internal data bus

Interrupt controller

DTC

U

g

*2

ROM

Bus controller

0N

DMAC

U

RAM

7S

) 1w

Peripheral data bus

TPU

D/A converter

A/D converter

I

fa

-

W N Y N | N [ S [ Y Y ) B 1

f

U

U= U

[ U

[

o
o

a3
N

Port 4

P10/PO8/TIOCAQ/DACKO =

P11/PO9/TIOCBO/DACK1 =

P12/PO10/T
P13/PO11/T
P14/PO12/T
P15/PO13/T
P16/PO14/T
P17/PO15/T

OCA1

o

OCB2/TCLKD =
OCC3/TMRIO =~
OCD3/TMCIO =~

OCA2
OCB3

P20/PO0/T
P21/PO1/T
P22/PO2/T
P23/PO3/T

OCA4/TMRIL =~

OCB4/TMCI1 =~

OCB5/TMO1 =~
Vref
AvCC
AVSS

P24/PO4/T
P25/PO5/T
P27/PO7/T

P46/AN6/DAQ =~

P47/AN7/DA1 =~
P45/AN5

P44/ANA
P43/AN3

—

P42/AN2
P41/AN1

P40/ANO

Port A

Port B

Port C

Port3

Port 5

[~ PA7/A23/IRQ7
[+~ PAG6/A22/IRQ6
[+~ PA5/A21/IRQ5
[+~ PA4/A20/IRQ4
[+~ PA3/A19
[+~ PA2/A18
[+= PA1/A17

[+ PAO/A16
[~ PB7/A15

[~ PB6/A14
[~ PB5/A13
[~ PB4/A12
[~ PB3/Al1
[+~ PB2/A10
[+~ PB1/A9

[+~ PB0/A8
[« PC7/A7

[+ PC6/A6
[+ PC5/A5
[« PC4/A4
[+ PC3/A3
[+ PC2/A2
[~ PC1/A1

[+ PCO/A0

[+~ P35/SCK1
[+~ P34/SCKO0
[+ P33/RxD1
[+ P32/RxD0
[+ P31/TxD1

[+ P30/TxDO0
[+ P50/TxD2/IRQ4

[+ P51/RxD2/IRQ5
[+ P52/SCK2/IRQ6

[+ P53/ADTRG/IRQ7/WAIT/BREQO

1. This pin has the WDTOVF pin function in the mask ROM and ROMless versions.

In the F-ZTAT version, the WDTOVF pin function is not available, and this pin is the FWE pin.
2. ROM is not supported in the H8S/2322.

HITACHI
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Section3 CPU

31 Features

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

Features

20

Upward-compatible with H8/300 and H8/300H CPUs

0 Can execute H8/300 and H8/300H object programs

General-register architecture

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

Sixty-five basic instructions

00 8/16/32-hit arithmetic and logic instructions

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [ @(d:16,ERn) or @(d:32,ERn)]

Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]

Absolute address [ @aa:8, @aa: 16, @aa:24, or @aa:32]

Immediate [#xX:8, #xx:16, or #xx:32]

Program-counter relative [@(d:8,PC) or @(d:16,PC)]

Memory indirect [ @@aa:8]

16-Mbyte address space

O Program: 16 Mbytes

0 Data 16 Mbytes (4 Gbytes architecturally)

OoOoooOoogoooao
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High-speed operation

O All frequently used instructions execute in one to two states
0 Maximum operating frequency: 20 MHz

O 8/16/32-hit register-register add/subtract: 50 ns

O 8 x 8-hit register-register multiply: 600 ns

O 16 + 8-hit register-register divide: 600 ns

O 16 x 16-bit register-register multiply: 1000 ns

O 32+ 16-hit register-register divide: 1000 ns

CPU operating mode

O Advanced mode

Power-down state

O Transition to power-down state by SLEEP instruction
0 CPU operating clock can be selected

Differ ences between H85/2600 CPU and H8S/2000 CPU: The differences between the
H8S/2600 CPU and the H8S/2000 CPU are as shown below.

Register configuration
The MAC register is supported only by the H8S/2600 CPU.
Basic instructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H85/2600 CPU.

Number of execution states
The number of execution states of the MULXU and MUL XS instructions.

In addition, there are differences in address space, EXR register function, power-down modes,
etc., depending on the model. Refer to the hardware manual for the relevant product for details.

Differences from H8/300 CPU: In comparison to the H8/300 CPU, the H8S/2000 CPU has the
following enhancements.

More general registers and control registers

O Eight 16-bit expanded registers, and one 8-bit control register, have been added.
Address space

O The 16-Mbyte address space can be used effectively

21
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Enhanced instructions

g
ad
g
ad
g

Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.

Two-bit shift instructions have been added.

Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

Higher speed

O

Basic instructions execute twice as fast.

Differences from H8/300H CPU: In comparison to the H8/300H CPU, the H8S/2000 CPU has
the following enhancements.

22

Additional control register

O

One 8-bit control register has been added.

Enhanced instructions
O Addressing modes of bit-manipulation instructions have been enhanced.

g
O

Two-bit shift instructions have been added.
Instructions for saving and restoring multiple registers have been added.

O A test and set instruction has been added.
Higher speed

O

Basic instructions execute twice as fast.
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3.2 Register Configuration

The H8S/2000 CPU has general registers and control registers. The eight 32-bit general registers
all have identical functions and can be used as either address registers or dataregisters. The
control registers are the 24-bit program counter (PC), 8-bit extended register (EXR), and 8-bit
condition code register (CCR).

CPU Internal Registers

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ERS ES5 R5H R5L
ERG6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
| PC |

76543210
EXR [T|—[—|—|-/i2]11]i0|

76543210
ccr | 1|ulH|u[N|z|vc]|

Legend:

SP: Stack pointer H: Half-carry flag
PC: Program counter uU: User bit

EXR:  Extend register N: Negative flag
T: Trace bit Z: Zero flag

12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag

I: Interrupt mask bit
ul: User bit or interrupt mask bit*

Note: * In these series, this bit cannot be used as an interrupt mask.

23
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General Registers: The CPU has eight 32-bit general registers. These general registers are all
functionally alike and can be used as both address registers and data registers. When a general
register is used as a dataregister, it can be accessed as a 32-bit, 16-bit, or 8-hit register. When the
general registers are used as 32-hit registers or address registers, they are designated by the letters
ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). Theseregisters are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

The figure below illustrates the usage of the general registers. The usage of each register can be
selected independently.

Usage of General Registers

» Address registers

» 32-bit registers * 16-bit registers  8-bit registers
E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)
RL registers
(ROL to R7L)

Control Registers: The control registers are the 24-bit program counter (PC), 8-bit extend register
(EXR), and 8-hit condition-code register (CCR).

e Program Counter (PC)
This 24-bit counter indicates the address of the next instruction the CPU will execute. The
length of al CPU instructionsis 2 bytes (one word), so the least significant PC bit isignored.
(When an instruction code is read, the least significant bit isregarded as 0.)

24
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Extend Register (EXR)

This 8-bit register comprises atrace bit (T) and interrupt mask bits (12 to 10).

O Bit 7—TraceBit (T)
Specifies whether or not trace mode is set. When this bit is cleared to 0, instructions are
executed sequentially. When set to 1, trace exception handling is started each time an
instruction is executed.

O Bits6to 3—Reserved

0 Bits 2 to 0—Interrupt Mask Bits (12 to 10)
These bits specify the interrupt request mask level (0 to 7). See section 3.9, Interrupts, for
details.

EXR can be manipulated by the LDC, STC, ANDC, ORC, and XORC instructions. Except in

the case of STC, interrupts (including NMI) are not accepted for 3 states after the instruction is

executed.

Condition-Code Register (CCR)

This 8-hit register containsinternal CPU status information, including an interrupt mask bit (1)

and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

O Bit 7—Interrupt Mask Bit (I)
Masks interrupts other than NMI when set to 1. (NMI is accepted regardless of the | bit
setting.) The | bit is set to 1 when exception handling execution is started. For details, refer
to section 3.9, Interrupts.

O Bit 6—User Bit or Interrupt Mask Bit (Ul)
Can be written and read by software using the LDC, STC, ANDC, ORC, and XORC
instructions. In these series, this bit cannot be used as an interrupt mask.

O Bit 5—Half-Carry Flag (H)
When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B instruction is executed,
thisflagissetto 1if thereisacarry or borrow at bit 3, and cleared to 0 otherwise. When
the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is set to 1 if
thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L, SUB.L,
CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or borrow
at bit 27, and cleared to O otherwise.

O Bit 4—User Bit (U)
Can be written and read by software using the LDC, STC, ANDC, ORC, and XORC
instructions.

O Bit 3—Negative Flag (N)
Stores the value of the most significant bit (sign bit) of data.

O Bit2—Zero Flag (2)
Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data.

O Bit 1—Overflow Flag (V)
Set to 1 when an arithmetic overflow occurs, and cleared to O at other times.

25
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O Bit 0—Carry Flag (C)

Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:
* Add instructions, to indicate a carry

» Subtract instructions, to indicate a borrow

» Shift and rotate instructions, to store the carry

The carry flag isalso used as a bit accumulator by bit manipulation instructions.

HITACHI



3.3 Data Formats

The CPU can process 1-bit, 4-bit (BCD), 8-hit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2, ..., 7) of byte
operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit

BCD data.

General Register Data Formats

Data Type

1-bit data

1-bit data

4-bit BCD data

4-bit BCD data

Byte data

Byte data

Register Number Data Format

RnH

RnL

RnH

RnL

RnH

RnL

7 4 3 o
| Upper | Lower | Don't care :

7 43 0

27
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General Register Data For mats (cont)

Data Type Register Number Data Format

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

31 16 15 0
MSB En Rn LSB
Legend:

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

28
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Memory Data For mats

Data Type

1-bit data

Byte data

Word data

Longword data

Data Format

Address T~

0
Address L 5/4(3(2|1|0
AddressL [MSB: : i . 1SB
Address2M MsB: 1 111
Address 2M + 1 ELSB
Address 2N [MsB: 1 111
Address 2N + 1
Address 2N + 2
Address 2N + 3 fLSB

HITACHI
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34 Addressing M odes

The H85/2000 CPU supports eight addressing modes.

Addressing M odes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERN)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn

5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate HXX:8/#xXX:16/#xX:32

7 Program-counter relative @(d:8,PC)/@(d:16,PC)

8 Memory indirect @@aa:8

30
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Effective Address Calculation

The upper 8 bits of the effective address are ignored, giving a 16-bit address.

v piombuoT]

Z PIOM

T akg
paioengns Jo azIs
pappy anjeA | puessdo

aled juoqg T

€¢ v¢ 1€

aled juoQg T

UY3-® juawaloap-aid yum 10a11pul 1a3sIBay

+UY3® uswalou-isod Yum 10alipul JaisiBay o

€¢ v 1€ e
Juswaloap-aid
10 JuswaIsul-isod yum 10a1ipul JaisiBay 14
dsip 7 uolsualxa ubls _
0 e
aled juoQg T _ dsip 7 7 1 7 do _
€C ve € 7
SJuslu09 Jalsifal [elauaD
0 (uy3 ‘ze:P)® 4o (UY3 '9T:P)®
Wwawade(dsIp Yyum 10a1ipul Jaisibay e
HAKN
aled juoQ _A‘\_ S1UBIU09 JalsIBal [elauan
€C ¢ T€ 0 (u43®) 102.11pul JBISIBaY 4
(o] o
*SjUdU0I Ja)sIbal [esauab si puesado
(uy) Ya1p 133816y T
(v3) ssaippy 9ANn29Y3 uolre|noey ssalppy aAllda43 JewJo4 uolloniisu| pue apo Buissaippy ‘ON

31

HITACHI



IHOVL1IH

(A%

No. Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 Absolute address
@aa8 31 24 23 87
“ abs Don't care H'FFFF ‘
@aa:16 31 2423 1615
| op ‘ abs | |D°”’t care ext?elr?sr}on
@aa:24 31 2423
| op ‘ abs | |Don’t care
@aa:32
op 31 2423
abs | Don't care
6 Immediate #xx:8/#xx:16/#xx:32

op ‘ IMM

Operand is immediate data.




IHOVL1IH

€€

No. Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
7 Program-counter relative 23 0
| PC contents
@(d:8, PC)/@(d:16, PC)
op disp 23 0
Sign ;
| extension ‘ disp 31 24 23 /
* Don't care
8 Memory indirect @ @aa:8
» Advanced mode
31 87 Y o
H'000000 ‘ abs |
31 0 31 2423
Memory contents | Don't care




35 Instruction Set

The H85/2000 CPU has 65 types of instructions.
Features

» Upward-compatible at object level with H8/300H and H8/300 CPUs
» General register architecture
* 8/16/32-hit transfer instructions and arithmetic and logic instructions

O Byte (B), word (W), and longword (L) formats for transfer instructions and basic arithmetic
and logic instructions

* Unsigned and signed multiply and divide instructions
* Powerful bit manipulation instructions
« Instructions for saving and restoring multiple registers

Assembler Format
The ADD instruction format is shown below as an example.
ADD. B Rs, Rd
Mnemonic Size Source Destination
operand operand

34
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« Datatransfer Instructions

Addressing Mode/Instruction Length
(Bytes)
_ @ é _ Condition Code Number
Mnemonic 7] W Operation of States™®
° c|® ~
g T 2| g
S lx|lc|W|2|Y E|2|O
O |£#|2|®|9|®|Q |06 I HIN|Z|V Advanced
MOV | MOV.B #xx:8,Rd B |2 #xx:8 - Rd8 —|—=|:]:]0 1
MOV.B Rs,Rd B 2 Rs8 - Rd8 —|—]:]:]0 1
MOV.B @ERs,Rd B 2 @ERs - Rd8 —|—=]:]:]0 2
MOV.B @(d:16,ERs),Rd | B 4 @(d:16,ERs) ~ Rd8 —|—l:]:]0 3
MOV.B @(d:32,ERs),Rd | B 8 @(d:32,ERs) ~ Rd8 —|—=|+]+]0 5
MOV.B @ERs+,Rd B 2 @ERs - Rd8,ERs32+1 . ERs32 —|—]:]:]o 3
MOV.B @aa:8,Rd B 2 @aa:8-Rd8 —|—=]:]:]o0 2
MOV.B @aa:16,Rd B 4 @aa:16 - Rd8 —[— C .10 3
MOV.B @aa:32,Rd B 6 @aa:32 - Rd8 —|—=]:]:]o0 4
MOV.B Rs,@ERd B 2 Rs8 — @ERd —|—|:]:]0 2
MOV.B Rs,@(d:16,ERd) | B 4 Rs8 - @(d:16,ERd) —|—=|+]+]0 3
MOV.B Rs,@(d:32,ERd) | B 8 Rs8 - @(d:32,ERd) —|—]:]:]0 5
MOV.B Rs,@-ERd B 2 ERd32-1- ERd32,Rs8 -~ @ERd —|—=]+]+]0 3
MOV.B Rs,@aa:8 B 2 Rs8 . @aa:8 —|—].]:]0 2
MOV.B Rs,@aa:16 B 4 Rs8 . @aa:16 —|—|.]s]0 3
MOV.B Rs,@aa:32 B 6 Rs8 - @aa:32 —|—].]:]0 4
MOV.W #xx:16,Rd w |4 #xx:16 - Rd16 —|—=]:]:]o0 2
MOV.W Rs,Rd W 2 Rs16 — Rd16 —|—[.]s]0 1
MOV.W @ERs,Rd w 2 @ERs - Rd16 —|—]:]:]o0 2
MOV.W @(d:16,ERs),Rd | W 4 @(d:16,ERs) - Rd16 —|—|.]:]0 3
MOV.W @(d:32,ERs),Rd | W 8 @(d:32,ERs) - Rd16 —|—]:]:]o 5
MOV.W @ERs+,Rd W 2 @ERs - Rd16,ERs32+2 .ERs32 [—|—| |+ |0 3
MOV.W @aa:16,Rd w 4 @aa:16 - Rd16 —|=]i]i]o 3
MOV.W @aa:32,Rd W 6 @aa:32 - Rd16 —|—|,]s]0 4
MOV.W Rs,@ERd w 2 Rs16 - @ERd —|=]i]i]o 2
MOV.W Rs,@(d:16,ERd) | W 4 Rs16 — @(d:16,ERd) —|—|.]:]0 3
MOV.W Rs,@(d:32,ERd) | W 8 Rs16 - @(d:32,ERd) —|=]i]i]o 5
MOV.W Rs,@-ERd W 2 ERd32-2 . ERd32,Rs16 — @ERd —|—[.]s]0 3
MOV.W Rs,@aa:16 w 4 Rs16 - @aa:16 —|—].]:]0 3
MOV.W Rs,@aa:32 W 6 Rs16 - @aa:32 —|—[.]:]0 4
MOV.L #xx:32,ERd L |6 #xx:32 - ERd32 —|=]i]i]o 3
MOV.L ERs,ERd L 2 ERs32 - ERd32 —|—[.]s]0 1
MOV.L @ERs,ERd L 4 @ERs - ERd32 —|=]i]i]o 4
MOV.L @(d:16,ERs),ERd| L 6 @(d:16,ERs) - ERd32 —|—|.]:]0 5
MOV.L @(d:32,ERs),ERd| L 10 @(d:32,ERs) - ERd32 —|=]i]i]o 7
MOV.L @ERs+,ERd L 4 @ERs - ERd32,ERs32+4 .ERs32 [—|—| |, |0 5
MOV.L @aa:16,ERd L 6 @aa:16 - ERd32 —|—=]:i]i]o 5
MOV.L @aa:32,ERd L 8 @aa:32 - ERd32 —|—[.]s]0 6
MOV.L ERs,@ERd L 4 ERs32 - @ERd —|=]i]i]o 4
MOV.L ERs,@(d:16,ERd)| L 6 ERs32 - @(d:16,ERd) —|—|.]:]0 5
MOV.L ERs,@(d:32,ERd)| L 10 ERs32 - @(d:32,ERd) —|—=]:i]i]o 7
MOV.L ERs,@-ERd L 4 ERd32-4 . ERd32,ERs32 - @ERd |[—|—| | |0 5
MOV.L ERs,@aa:16 L 6 ERs32 - @aa:16 —|—[.]:]0 5
MOV.L ERs,@aa:32 L 8 ERs32 - @aa:32 —|—[:]s]0 6
POP | POP.WRn w 2 | @SP-Rn16,SP+2-SP —|—[i]i]o 3
POP.L ERn L 4 | @SP-ERN32,SP+4 . SP —|—[:]s]0 5
PUSH | PUSH.W Rn w 2 | SP-2-SP,Rn16- @SP —|—]i]i]o 3
PUSH.L ERn L 4 | SP-4_SP,ERn32 - @SP —|—=].]:]0 5
LDM |LDM @SP+,(ERm-ERn) | L 4 | (@SP-ERn32,SP+4-.SP) —[—]—=]—]= 7/9/11 [1]
Repeated for each register restored
STM  |STM (ERm-ERn),@-SP L 4 | (SP-4-SP,ERn32- @SP) —[—]—=]—]= 7/9/11 [1]
Repeated for each register saved
MOVFPE| MOVFPE @aa:16,Rd Cannot be used with the H8S/2000 CPU. 2]
MOVTPE| MOVTPE Rs,@aa:16 2]

HITACHI
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* Arithmetic instructions

Addressing Mode/Instruction Length

(Bytes)
_ @ é _ Condition Code Number
Mnemonic 7 = é} Operation of States™®
° S ~
& B 2| g
S x| |u|lS|Y g2 |O
O |#|z|®|®|®(0|8|6 I|HIN|Z|V|C Advanced
ADD  |ADD.B #xx:8,Rd B |2 Rd8+#xx:8  Rd8 HEHHEHE 1
ADD.B Rs,Rd B 2 Rd8+Rs8 - Rd8. —| el 1
ADD.W #xx:16,Rd w | 4 Rd16+#xx:16 - Rd16 HcIHEHE 2
ADD.W Rs,Rd w 2 Rd16+Rs16 - Rd16 EHcHEHE 1
ADD.L #xx:32,ERd L |6 ERd32+#xx:32 ~ ERd32 R EE 3
ADD.L ERs,ERd L 2 ERdJ32+ERs32 - ERd32 —4] ] 1
ADDX |ADDX #xx:8,Rd B | 2 Rd8+#xx:8+C - Rd8 EHEGEHE 1
ADDX Rs,Rd B 2 Rd8+Rs8+C - Rd8 EHEHGEIHE 1
ADDS |ADDS #1,ERd L 2 ERd32+1 - ERd32 —|—=—==l=]= 1
ADDS #2,ERd L 2 ERd32+2 . ERd32 —|—=]—=]=]=]= 1
ADDS #4,ERd L 2 ERd32+4 - ERd32 —|—=—===]= 1
INC INC.B Rd B 2 Rd8+1 - Rd8 — =] = 1
INC.W #1,Rd w 2 Rd16+1 . Rd16 — =] ]= 1
INC.W #2,Rd w 2 Rd16+2 . Rd16 — =] = 1
INC.L #1,ERd L 2 ERd32+1 - ERd32 — == 1
INC.L #2,ERd L 2 ERd32+2 - ERd32 — =] = 1
DAA DAA Rd B 2 Rd8 decimal adjust — Rd8 M HEE 1
SUB [SUB.BRs,Rd B 2 Rd8-Rs8 . Rd8 —| el 1
SUB.W #xx:16,Rd w | 4 Rd16-#xx:16 — Rd16 EIHHEHE 2
SUB.W Rs,Rd w 2 Rd16-Rs16 - Rd16 EHcIHHEHEE 1
SUB.L #xx:32,ERd L 6 ERd32-#xx:32 ~ ERd32 NCIHHEHE 3
SUB.L ERs,ERd L 2 ERd32-ERs32 - ERd32 —I4] ] 1
SUBX |SUBX #xx:8,Rd B 2 Rd8-#xx:8-C - Rd8 NHHEIHE 1
SUBX Rs,Rd B 2 Rd8-Rs8-C - Rd8 EHEEHEIEE 1
SUBS [SUBS #1,ERd L 2 ERd32-1- ERd32 —|—=]=]=]=]= 1
SUBS #2,ERd L 2 ERd32-2 - ERd32 —|—|——]—]= 1
SUBS #4,ERd L 2 ERd32-4 . ERd32 —|—==]=]=]= 1
DEC |DEC.BRd B 2 Rd8-1-.Rd8 —|—=] ]l = 1
DEC.W #1,Rd w 2 Rd16-1_ Rd16 — =]l ]— 1
DEC.W #2,Rd W 2 Rd16-2 . Rd16 —|—=]s] ]y = 1
DEC.L #1,ERd L 2 ERd32-1_ ERd32 — =] = 1
DEC.L #2,ERd L 2 ERd32-2 . ERA32 —|—=] ]l = 1
DAS  |DASRd B 2 Rd8 decimal adjust — Rd8 —[* = 1
MULXU |MULXU.B Rs,Rd B 2 Rd8xRs8 - Rd16 (unsigned multiplication) | — | —| —|—|—|— 12
MULXU.W Rs,ERd w 2 Rd16xRs16 - ERd32 multipli —|—==]=]=]= 20
MULXS [MULXS.B Rs,Rd B 4 Rd8xRs8 - Rd16 (signed multiplication) |—|—| ; | § |—|— 13
MULXS.W Rs,ERd w 4 Rd16xRs16 - ERA32 (signed multiplication) | —|—| ; | + |[—|— 21
DIVXU |DIVXU.B Rs,Rd B 2 Rd16+Rs8 - Rd16 —|—[6]|[7]|—|— 12
(RdH: remainder, RdL: quotient) (unsigned division)
DIVXU.W Rs,ERd W 2 ERd32+Rs16 - ERd32 —|—[6]|[7]|—|— 20
(Ed: remainder, Rd: quotient) (unsigned division)
DIVXS |DIVXS.B Rs,Rd 4 Rd16+Rs8 - Rd16 —|—I[8]|[7]|—|— 13
(RdH: remainder, RdL: quotient) (signed division)
DIVXS.W Rs,ERd W 4 ERd32+Rs16 - ERd32 —|—I[8]|[7]|—|— 21
(Ed: remainder, Rd: quotient) (signed division)
CMP  [CMP.B #xx:8,Rd B | 2 Rd8-#xx:8 B HEEE 1
CMP.B Rs,Rd B 2 Rd8-Rs8 EHHEHEE 1
CMP.W #xx:16,Rd w | 4 Rd16-#xx:16 ICIHHEHE 2
CMP.W Rs,Rd W 2 Rd16-Rs16 EIHHEHE 1
CMP.L #xx:32,ERd L 6 ERA32-#xx:32 ICIHHEHE 3
CMP.L ERs,ERd L 2 ERd32-ERs32 NCIHHEHE 1
NEG |NEG.BRd B 2 0-Rd8 . Rd8 = HHHEEE 1
NEG.W Rd w 2 0-Rd16~Rd16 o I I I P O 1
NEG.L ERd L 2 0-ERd32 - ERd32 HHHHE 1
EXTU |EXTU.W Rd w 2 0 - (<bits 15 to 8> of Rd16) —|—]0],;]0]|— 1
EXTU.L ERd L 2 0 - (<bits 31 to 16> of ERd32) —|—|o];]o]— 1
EXTS |EXTS.W Rd w 2 (<bit 7> of Rd16) — —|=[+[+|0]— 1
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) — —l—[s[s]0[— 1
(<bits 31 to 16> of ERd32)
TAS TAS @ERd B 4 @ERd-0 — CRR set, (1) — —[—[s]s]0[— 4
(<bit 7> of @ERd)
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» Arithmetic instructions (cont)

Addressing Mode/Instruction Length

(Bytes)
@ é Condition Code Number
Mnemonic D w Operation of States™®
o |9 ~
§ s|G&|_|2|g
g | x flsli|g|zs|lo
=3 c
O |¥$|2|®|8|®| ®|0|® I‘H‘N‘Z‘V‘C Advanced
MAC _|MAC @ERn+,@ERm+ | Cannot be used with the H8S/2000 CPU. [2]
CLRMAC|CLRMAC
LDMAC |LDMAC ERs,MACH
LDMAC ERs,MACL
STMAC [STMAC MACH,ERd
STMAC MACL,ERd
e Logical instructions
Addressing Mode/Instruction Length
(Bytes)
@ é Condition Code Number
Mnemonic 7] w Operation of States™
) | ® ~
§ |G| E 2| g
S x| |ulB|d|§|l2|@©
O |£#|x|®|©®|©®|©®|6|© I|HIN|[Z|V|C Advanced
AND  |AND.B #xx:8,Rd B | 2 Rd8[#xx:8 - Rd8 —|—] ]y ]0]|— 1
AND.B Rs,Rd B 2 Rd8[Rs8 - Rd8 —|—=]+ ] ]0]— 1
AND.W #xx:16,Rd w | 4 Rd16#xx:16 — Rd16 —|—] [y ]0o]— 2
AND.W Rs,Rd w 2 Rd16[Rs16 - Rd16 —|—=]+ ] ]0]— 1
AND.L #xx:32,ERd L 6 ERd32[#xx:32 . ERd32 —|—]:[y]0]— 3
AND.L ERs,ERd L 4 ERd32[ERs32 - ERd32 —|—=]: ] ]0o]— 2
OR OR.B #xx:8,Rd B 2 Rd8[#xx:8 — Rd8 —|— : Llo]— 1
OR.B Rs,Rd B 2 Rd8CRs8 -~ Rd8 —|—=]+ ] ]o]— 1
OR.W #xx:16,Rd w | 4 Rd16#xx:16 — Rd16 —|—=|.].]0]— 2
OR.W Rs,Rd w 2 Rd16[Rs16 - Rd16 —|—=]+ ] ]0o]— 1
OR.L #xx:32,ERd L |6 ERd32#xx:32 — ERd32 —|—=|.].]0]— 3
OR.L ERs,ERd L 4 ERdJ32CERs32 - ERd32 —|—[:]:]0o]— 2
XOR |XOR.B #xx:8,Rd B | 2 Rd80#xx:8  Rd8 —|—=]:[y]0]— 1
XOR.B Rs,Rd B 2 Rd8Rs8 -~ Rd8 —|—=]+]:]0]— 1
XOR.W #xx:16,Rd w | 4 Rd160#xx:16 - Rd16 —|—]:[y]0]— 2
XOR.W Rs,Rd w 2 Rd160Rs16 - Rd16 —|—=]:]:]0]— 1
XOR.L #xx:32,ERd L 6 ERd320#xx:32  ERd32 —|—=] [y ]0]— 3
XOR.L ERs,ERd L 4 ERd320ERs32 - ERd32 —|—=]:]:]0o]— 2
NOT |[NOT.BRd B 2 -Rd8 - Rd8 —|—] [y ]0]— 1
NOT.W Rd w 2 -Rd16 - Rd16 —|—=]+]:]0]— 1
NOT.L ERd L 2 -ERd32 . ERd32 —[—],[y]0]— 1
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e Shift instructions

Mnemonic

Addressing Mode/Instruction Length

(Bytes)

#xXx

@ERnN

@(d,ERn)
@-ERN/@ERN+

@aa

@(d,PC)

@@aa

Operation

Condition Code

Number
of States™

Advanced

SHAL

SHAL.B Rd

SHAL.B #2,Rd

SHAL.W Rd

SHAL.W #2,Rd

SHAL.L ERd

SHAL.L #2,ERd

C MsB

LsB

SHAR

SHAR.B Rd

SHAR.B #2,Rd

SHAR.W Rd

SHAR.W #2,Rd

SHAR.L ERd

SHAR.L #2,ERd

E

MSB

LsB C

SHLL

SHLL.B Rd

SHLL.B #2,Rd

SHLL.W Rd

SHLL.W #2,Rd

SHLL.L ERd

SHLL.L #2,ERd

E

C MSB LsB

SHLR

SHLR.B Rd

SHLR.B #2,Rd

SHLR.W Rd

SHLR.W #2,Rd

SHLR.L ERd

SHLR.L #2,ERd

MSB LsB C

ROTXL

ROTXL.B Rd

ROTXL.B #2,Rd

ROTXL.W Rd

ROTXL.W #2,Rd

ROTXL.L ERd

ROTXL.L #2,ERd

i]

C MSB LsB

ROTXR

ROTXR.B Rd

ROTXR.B #2,Rd

ROTXR.W Rd

ROTXR.W #2,Rd

ROTXR.L ERd

ROTXR.L #2,ERd

!]

MSB

LsB C

ROTL

ROTL.B Rd

ROTL.B #2,Rd

ROTL.W Rd

ROTL.W #2,Rd

ROTL.L ERd

ROTL.L #2,ERd

ROTR

ROTR.B Rd

ROTR.B #2,Rd

ROTR.W Rd

ROTR.W #2,Rd

ROTR.L ERd

ROTR.L #2,ERd

rirlg|S|lo|o|r|irig|S|ojo|r S Svor|r S S|loorrSSo|orrSS|loorrS|S|lo|o|-|r|S|S|o|o| Operand Size

NSNS TSN S NSNS EIENTS ST TN TS NI F TSN TS T T TS T T TS T TN TS IS T ST TN TS LI TN ST TS EI T IR NS 3]

MsB LSB C

I
|
D P P Pt P U P Pt Pt Pt P P P e B B P DR BB P=4 =Y =4 =N = P Pt Pt Pt Bt i Pt Bt P B P B P B B B B P

'SR O P 4 5 A P L B B B SR B N

R U DU U L G O O O U L B B U O B B B B BN [

o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o |« s r - < - <

NGRS RN R R R
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* Bit manipulation instructions
Addressing Mode/Instruction Length
(Bytes)
Q é Condition Code Number
Mnemonic [ i Operation of States’?
o |9 ~
& e el g
S lx|lc w2480
HEIHEEIEIEINICIEIN HIN|z|v|c| Advanced
BSET |BSET #xx:3,Rd B 2 (%3 of Rd8) - L === —]— 1
BSET #xx:3,@ERd B 4 (#xx:3 of @ERd) 1 — === |—=|— 4
BSET #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) ~ 1 ——=|===]= 4
BSET #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) — 1 —[—]—=]=]=]— 5
BSET #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) ~ 1 —|—=|=|—=|—|— 6
BSET Rn,Rd B 2 (Rn8 of Rd8) — 1 —===== 1
BSET Rn,@ERd B 4 (Rn8 of @ERd) - 1 —|—=[—=[—]—=]— 4
BSET Rn,@aa:8 B 4 (Rn8 of @aa:8) — 1 —|—]—[—]—=]— 4
BSET Rn,@aa:16 B 6 (Rn8 of @aa:16) — 1 —| === =] 5
BSET Rn,@aa:32 B 8 (Rn8 of @aa:32) -1 —|—=|=|—=|—=|— 6
BCLR |BCLR #xx:3,Rd B 2 (#xx:3 of Rd8) — 0 —|—=[—=[—]=]— 1
BCLR #xx:3,@ERd B 4 (#xx:3 of @ERd) —0 —|==]=== 4
BCLR #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) - 0 —| === =] 4
BCLR #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) — 0 —[—]—=]—=]=]— 5
BCLR #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) -0 —| === =] 6
BCLR Rn,Rd B 2 (Rn8 of Rd8) — 0 —|—=|—]—]=]= 1
BCLR Rn,@ERd B 4 (Rn8 of @ERd) -0 —| === =] 4
BCLR Rn,@aa:8 B 4 (Rn8 of @aa:8) —0 —|—]—[—]—=]— 4
BCLR Rn,@aa:16 B 6 (Rn8 of @aa:16) -0 — === 5
BCLR Rn,@aa:32 B 8 (Rn8 of @aa:32) -0 —[—]—[—]=]— 6
BNOT |BNOT #xx:3,Rd B 2 (#xx:3 of Rd8) — [(#xx:3 of Rd8)] — === 1
BNOT #xx:3,@ERd B 4 (#xx:3 of @ERd) « [(#xx:3 of @ERd)]  |—|—[—|—[—|— 4
BNOT #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) — [+(#xx:3 of @aa:8)] | —|—|—|—|—|— 4
BNOT #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) — [-(#xc3 of @aa:16)] |—|—[—|—[—|— 5
BNOT #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) — [-(#xx:3 of @aa:32)] | —|—|—|—|—|— 6
BNOT Rn,Rd B 2 (Rn8 of Rd8) — [~(Rn8 of Rd8)] —[=]=]=]=]— 1
BNOT Rn,@ERd B 4 (Rn8 of @ERd)  [(Rn8 of @ERd)] o el e e e 4
BNOT Rn,@aa:8 B 4 (Rn8 of @aa:8) — [(Rn8 of @aa:8)] —|—==]==]= 4
BNOT Rn,@aa:16 B 6 (Rn8 of @aa:16) - [(Rn8 of @aa:16)] | —|—|—|—|—|— 5
BNOT Rn,@aa:32 B 8 (Rn8 of @aa:32) — [~(Rn8 of @aa:32)] |—|—|—|—|—|— 6
BTST |BTST #xx:3,Rd B 2 ~(#xx:3 of Rd8) -~ Z —[—]— JRY 1
BTST #xx:3,@ERd B 4 —(#xx:3 of @ERd) - Z —|—|— —|— 3
BTST #xx:3,@aa:8 B 4 —(#xx:3 of @aa:8) - Z — == J p— 3
BTST #xx:3,@aa:16 B 6 -(#xx:3 of @aa:16)~Z —|—|— —|— 4
BTST #xx:3,@aa:32 B 8 ~(#xx:3 of @aa:32) - Z — == J p— 5
BTST Rn,Rd B 2 ~(Rn8 of Rd8)~.Z === 1
BTST Rn,@ERd B 4 -(Rn8 of @ERd) ~Z —|—|— —|— 3
BTST Rn,@aa:8 B 4 -(Rn8 of @aa:8)~Z —|—|— —|— 3
BTST Rn,@aa:16 B 6 ~(Rn8 of @aa:16) . Z — == = 4
BTST Rn,@aa:32 B 8 -(Rn8 of @aa:32)~Z —|—|— —|— 5
BLD |BLD #xx:3,Rd B 2 (#xx:3 of Rd8) - C o el e e o S 1
BLD #xx:3,@ERd B 4 (#xx:3 of @ERd) -~ C —|—]—=[=]—] + 3
BLD #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) - C — === [—] 3
BLD #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) - C o il i e e I 4
BLD #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) -~ C —[=]=[=]—]: 5
BILD |BILD #xx:3,Rd B 2 S(#xx:3 of Rd8) - C N R Py Y 1
BILD #xx:3,@ERd B 4 (#xx3 of @ERd) . C = === 3
BILD #xx:3,@aa:8 B 4 —(#xx:3 of @aa:8) - C —|—]—=[=]—] + 3
BILD #xx:3,@aa:16 B 6 ~(#xx:3 of @aa:16) — C —|=1=1=1=: 4
BILD #xx:3,@aa:32 B 8 S(#xx:3 of @aa:32) - C o e 5
BST |BST #xx:3,Rd B 2 C_. (#xx:3 of Rd8) —=]=]==]— 1
BST #xx:3,@ERd B 4 C - (#xx:3 of @ERd) — ===l 4
BST #xx:3,@aa:8 B 4 C - (#xx:3 of @aa:8) — === 4
BST #xx:3,@aa:16 B 6 C- (#xx:3 of @aa:16) — === =] 5
BST #xx:3,@aa:32 B 8 C . (#xx:3 of @aa:32) — === == 6
BIST |BIST #xx:3,Rd B 2 -C - (#xx:3 of Rd8) — === 1
BIST #xx:3,@ERd B 4 ~C - (#xx:3 of @ERd) —[—=]=—1=]= 4
BIST #xx:3,@aa:8 B 4 -C - (#xx:3 of @aa:8) o Rl e e e 4
BIST #xx:3,@aa:16 B 6 ~C - (#xx:3 of @aa:16) —==—=== 5
BIST #xx:3,@aa:32 B 8 -C — (#xx:3 of @aa:32) —|— === 6
BAND |BAND #xx:3,Rd B 2 CO(#xx:3 of Rd8) - C P e e e I 1
BAND #xx:3,@ERd B 4 CO#xx:3 of @ERd) -~ C — === —=l: 3
BAND #xx:3, @aa:8 B 4 C(#xx:3 of @aa:8) - C — === 3
BAND #xx:3,@aa:16 B 6 CO(#xx:3 of @aa:16) - C — === 4
BAND #xx:3,@aa:32 B 8 CO(#xx:3 of @aa:32) - C —|—|=]=]—]: 5
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« Bit manipulation instructions (cont)

Addressing Mode/Instruction Length

(Bytes)
@ é Condition Code Number
Mnemonic 7] i} Operation of States'®
° T|® ~
g AN 2| g
2 | x o s|Y g2l
Q < o
O |£|2|®|®|0|0|68|0®] | HIN|Z|V|C Advanced
BIAND |BIAND #xx:3,Rd B 2 CL[~(#xx:3 of Rd8)] - C —|==]=]=: 1
BIAND #xx:3, @ERd B 4 CO-(#xx:3 of @ERd)] - C — === 3
BIAND #xx:3,@aa:8 B 4 CO[-(#xx:3 of @aa:8)] - C —|—=|=]=]=] 3
@aa:16 B 6 CO-(#xx:3 of @aa:16)] - C —|=|=]=]=]: 4
,@aa:32 B 8 CO-(#xx:3 of @aa:32)] - C —|—=|=]=]= 5
BOR Rd B 2 C(#xx:3 of Rd8) . C —|=[=]=]=7 1
@ERd B 4 CL(#xx:3 of @ERd) - C —|=[=]=]—" 3
@aa:8 B 4 CO(#xx:3 of @aa:8) - C —|=|=]=]=]: 3
@aa:16 B 6 CO(#xx:3 of @aa:16) - C —|—=|=]=]= 4
BOR #xx:3,@aa:32 B 8 CO#xx:3 of @aa:32) - C — === 5
BIOR |[BIOR #xx:3,Rd B 2 CL[~(#xx:3 of Rd8)] - C —|=[=]=]=3 1
BIOR #xx:3,@ERd B 4 C-(#xx:3 of @ERd)] - C — === 3
BIOR #xx:3,@aa:8 B 4 CO-(#xx:3 of @aa:8)] - C —|—=|=]=]=] 3
BIOR #xx:3,@aa:16 B 6 C-(#xx:3 of @aa:16)] - C e e e 4
BIOR #xx:3,@aa:32 B 8 CO[-(#xx:3 of @aa:32)] - C —|—=|=]=]=] 5
BXOR |BXOR #xx:3,Rd B 2 CO(#xx:3 of Rd8) . C —|—==]=]=[s 1
BXOR #xx:3, @ERd B 4 CO(#xx:3 of @ERd) -~ C e el i Y 3
BXOR #xx:3,@aa:8 B 4 CO@#xx:3 of @aa:8) - C —|—=]=]=[—] 3
BXOR #xx:3,@aa:16 B 6 CO(#xx:3 of @aa:16) - C —|—=|=]=]=] 4
BXOR #xx:3,@aa:32 B 8 CO@#xx:3 of @aa:32) -~ C —|—=]=]=[—=] 5
BIXOR |BIXOR #xx:3,Rd B 2 CO[=(#xx:3 of Rd8)] - C —|=[=]=]=]} 1
BIXOR #xx:3,@ERd B 4 CO[~(#xx:3 of @ERd)] - C —|—=]=|=[—], 3
BIXOR #xx:3,@aa:8 B 4 CO[~(#xx:3 of @aa:8)] - C —|—=|=]=]—]: 3
BIXOR #xx:3,@aa:16 B 6 CO[-(#xx:3 of @aa:16)] - C —|—=]=]=[=] 4
BIXOR #xx:3,@aa:32 B 8 CO[-~(#xx:3 of @aa:32)] - C —|—|=]=]=]} 5
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Branch instructions

Addressing Mode/Instruction Length
(Bytes)

Condition Code Number

Mnemonic Operation of States™

Operand Size
@ERn
@(d,ERn)
@-ERn/@ERn+
@aa

@@aa

#xx

| Branch
Condition

Rn

Advanced

I
z
N
<
(¢}

Bcc BRA d:8(BT d:8)

N

if condition is true then | Always — === ==

BRA d:16(BT d:16) PC - PC+d === ]—=]—

BRN d:8(BF d:8) — else next; Never ===

BRN d:16(BF d:16) —

BHI d:8 — Cz=0 — === ]—]—

BHI d:16 —

BLS d:8 — crz=1 — === ]—]—

BLS d:16 —

BCC d:8(BHS d:8) — c=0 I ====

BCC d:16(BHS d:16) —

BCS d:8(BLO d:8) — c=1 I ====

BCS d:16(BLO d:16) —

BNE d:8 —

BNE d:16 —

BEQ d:8 —

BEQ d:16 —

BVC d:8 —

BVC d:16 —

BVS d:8 —

BVS d:16 —

BPL d:8 —

BPL d:16 —

BMI d:8 —

BMI d:16 —

BGE d:8 — NOV=0 | —|—|—|—|—|—

BGE d:16 —

BLT d:8 — NOVEL === ===

BLT d:16 —

BGT d:8 — ZONOV)=0|— |—|—|—|—|—

BGT d:16 —

BLE d:8 — ZONOV)=1|—[—[—[—|—|—

ANAINB DA NSNS NS NSNS N [B NSNS NSNS NSNS N]| @d,PC)
N
11
o
|
|
|
|
|
|

BLE d:16 —

JMP  |JMP @ERn e 2 PC —ERnN === 1=]—

JMP @aa:24 — 4 PC-aa24 —|—|—=|=|—|—

JMP @@aa:8 — 2 PC - @aa:8 —|—=|=|=]—]—

BSR [BSRd:8 — PC . @-SP,PC - PC+d:8 —|====]=

IN)

BSR d:16 — 4 PC—@-SP,PC. PC+d:16 —|=====

JSR ISR @ERn — 2 PC . @-SP,PC —ERn —|===]=]=

JSR @aa:24 — 4 PC - @-SP,PC — aa:24 I e e e

JSR @@aa:8 — 2 PC- @-SP,PC - @aa:8 —|—|=|=]=]=

I
|
|
|
|
|
glo|u|sla|dalw|vie N[N wNw N d|w[NwNe D] N]w|N e e N]wdw|n o]

RTS _|RTS — 2 | PC_@sP+ ===
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e System control instructions

Addressing Mode/Instruction Length

(Bytes)
[ ;:; Condition Code Number
Mnemonic 7] w Operation of States™®
- | ® ~
8 sl &g
x|l c|lu|2|Y| g2 |@
O |£||®® 066|600 I|H|N|Z[v|c| Advanced
TRAPA|TRAPA #xx:2 — PC - @-SP,CCR - @-SP, 1|—[—]—|—|— 8[9]
EXR - @-SP,<vector>— PC
RTE |RTE — EXR — @SP+,CCR — @SP+, HHEHHHE 5[9]
PC - @SP+
SLEEP |SLEEP — Transition to the power-down state | —|—|—|—|—|— 2
LDC  |LDC #xx:8,CCR B |2 #xx:8~ CCR HHHHHE 1
LDC #xx:8,EXR B 4 #xx:8 - EXR —|—|—=|—|—|— 2
LDC Rs,CCR B 2 Rs8-CCR HHHHEE 1
LDC Rs,EXR B 2 Rs8 - EXR —|—=]=]=]=]= 1
LDC @ERs,CCR W 4 @ERs-CCR HHBEHEHE 3
LDC @ERs,EXR W 4 @ERs-EXR —|—=]=]=]=]= 3
LDC @(d:16,ERs),CCR | W 6 @(d:16,ERs) - CCR HEHHHE 4
LDC @(d:16,ERs),EXR W 6 @(d:16,ERs) - EXR e ——_—— 4
LDC @(d:32,ERs),CCR | W 10 @(d:32,ERs) -~ CCR HHHHHE 6
LDC @(d:32,ERs),EXR W 10 @(d:32,ERs) - EXR . ——_—— 6
LDC @ERs+,CCR W 4 @ERs - CCR,ERs32+2 — ERs32 HHHEHEEE 4
LDC @ERs+EXR w 4 @ERs - EXR,ERs32+2 - ERs32 e 4
LDC @aa:16,CCR W 6 @aa:16 -~ CCR HHHEHEE 4
LDC @aa:16,EXR W 6 @aa:16 -EXR —|—=]=]=]=]= 4
LDC @aa:32,CCR Y 8 @aa:32-CCR HHHEHEE 5
LDC @aa:32,EXR W 8 @aa:32-EXR —|—=]=]=]=]= 5
STC [STC CCR,Rd B 2 CCR-Rd8 —|—]—=]=]—=]= 1
STC EXR,Rd B 2 EXR-Rd8 —|=]=]=]=]= 1
STC CCR,@ERd W 4 CCR - @ERd —|—=]=]=]=]= 3
STC EXR,@ERd W 4 EXR - @ERd —|—=]=]=]=]= 3
STC CCR,@(d:16,ERd) | W 6 CCR - @(d:16,ERd) —|—=]=]=]=]= 4
STC EXR,@(d:16,ERd) W 6 EXR - @(d:16,ERd) —[=[=]=]=]— 4
STC CCR,@(d:32,ERd) | W 10 CCR - @(d:32,ERd) —|—=]=]=]=]= 6
STC EXR,@(d:32,ERd) W 10 EXR - @(d:32,ERd) —[=[=]=]=]—= 6
STC CCR,@-ERd W 4 ERd32-2 . ERd32,CCR - @ERd e e el e e 4
STC EXR,@-ERd w 4 ERd32-2 - ERd32,EXR — @ERd e —— 4
STC CCR,@aa:16 W 6 CCR- @aa:16 —|—= === - 4
STC EXR,@aa:16 W 6 EXR - @aa:16 —|—=]=]=]=]= 4
STC CCR,@aa:32 W 8 CCR- @aa:32 —|—=|—=]=|—— 5
STC EXR,@aa:32 W 8 EXR- @aa:32 —|=]=]=]=]= 5
ANDC [ANDC #xx:8,CCR B |2 CCR#xx:8-~CCR HHHEHHEE 1
ANDC #xx:8,EXR B 4 EXR#xx:8 - EXR N N D R [ — 2
ORC [ORC #xx:8,CCR B |2 CCR#xx:8-CCR HHHEHEHEE 1
ORC #xx:8,EXR B | 4 EXRI#xx:8 - EXR === == 2
XORC [XORC #xx:8,CCR B |2 CCRO#xx:8 - CCR HHHEHHEE 1
XORC #xx:8,EXR B | 4 EXRO#xx:8 - EXR === == 2
NOP__|NOP — PC . PC+2 —|—]=]=]=]= 1
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*2: nis the initial value of R4L or R4.
[1] 7 states when the number of restored/saved registers is 2, 9 states when 3, and 11 states when 4.
[2] Cannot be used with the H8S/2000 CPU.
[3] Setto 1 when there is a carry from or borrow to bit 11; otherwise cleared to 0.

[4] Setto 1 when there is a carry from or borrow to bit 27; otherwise cleared to 0.

[5] If the result is zero, the previous value of the flag is retained; otherwise the flag is cleared to 0.
[6] Setto 1if the divisor is negative: otherwise cleared to 0.
[7] Setto 1if the divisor is zero; otherwise cleared to 0.

[8] Setto 1 if the quotient is negative; otherwise cleared to 0.
[9] When EXR is valid, the number of states is increased by 1.

HITACHI

+ Block transfer instructions
Addressing Mode/Instruction Length Number
(Bytes) of States™
_ @ é _ Condition Code
Mnemonic @ w Operation
° = @ ~ °
E c | & 8 i3 = s
S | x|l |E|slulgle|o £ g
O |#|2|®|0®|®|0|0|® HIN|z|v|c| =2 <
EEPMOV|EEPMOV.B — 4 | if R4L#0 —|—|—=|=|—]— 4+2n"2
Repeat @ER5 -~ @ER6
R5+1-R5
R6+1 - R6
R4L-1-R4L
Until R4L=0
else next;
EEPMOV.W — 4 | if R4z0 —[—=[=]—]—]— 4+2n°2
Repeat @ER5 - @ER6
R5+1-R5
R6+1-R6
R4-1.R4
Until R4=0
else next;
Notes: *1: The number of states is the number of states required for execution when the instruction code and operands are located in on-chip memory.
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Number of States Required for Execution

The number of states shown in the instruction set table is the number of states required for
execution when the op code and operand data are located in a one-cycle area on which word
access is possible, such as on-chip memory. When the op code or operand data is accessed from an
on-chip supporting module or an external address, the number of states increases as shown in the
table below.

» Number of States Required for Execution (Cycle)

Access Conditions

External Device

On-Chip

Supporting Module 8-Bit Bus 16-Bit Bus
Execution State  On-Chip 8-Bit 16-Bit 2-State  3-State 2-State  3-State
(Cycle) Memory Bus Bus Access Access Access Access
Instruction fetch 1 4 2 4 6 +2m 2 3+m
Branch instruction
read
Stack operation
Byte data access 2 2 3+m
Word data access 4 4 6 +2m
Internal operation 1 1 1 1 1 1 1

Legend
m: Number of wait states inserted in external device access

Condition Code Notation

Symbol Meaning

- Changes according operation result.
* Indeterminate (value not guaranteed).
0 Always cleared to 0.

1 Always set to 1.

— Not affected by operation result.
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Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*
ERnN General register (32-bit register)
(EAd) Destination operand
(EASs) Source operand
EXR Extend register
CCR Condition-code register
N (negative) flag in CCR
Z (zero) flag in CCR
V (overflow) flag in CCR
C C (carry) flag in CCR
PC Program counter
SP Stack pointer
#IMM Immediate data
disp Displacement
+ Addition
- Subtraction
x Multiplication
+ Division
O Logical AND
O Logical OR
O Logical exclusive OR
N Transfer from left-hand operand to right-hand operand, or transition from left-
hand state to right-hand state
- NOT (logical complement)
()<> Operand contents
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to

R7, EO to E7), and 32-hit registers (ERO to ER7).

HITACHI
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3.6 Basic Bus Timing

The CPU operates on the basis of the g clock. One @ clock cycleis called a state. The bus cycle
consists of one, two, or three states. Different access methods are used for on-chip memory, on-
chip supporting modules, and the external address space.

Basic Clock Timing

An external clock isinput to the EXTAL pin, or acrystal oscillator is connected to the EXTAL
pin, to generate the system clock (g). An external clock or crystal oscillator of the same freguency
asthe g clock should be used.

SCKCR

SCK2 to SCKO

Medium-
speed
divider @/2 to @/32 |Bus master
clock
selection
EXTAL Duty circuit
Oscillator correction ‘ -
XTAL — circuit
System clock to & pin Internal clock Bus master clock
to supporting to CPU, DTC,
modules and DMAC

CPU Read/Write Cycles

The CPU operates on the basis of the g clock. One @ clock cycleis called a state, and abus cycle
consists of one, two, or three states. Different access methods are used for on-chip memory, on-
chip supporting modules, and external address space. Access to the external address space can be
controlled by the bus controller.
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On-Chip Memory

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte and
word access.

» On-Chip Memory Access Cycle (One-state Access)

o L /A
Internal address bus X Address X

Internal read signal A /

Read
Internal data bus { Read data )}———
Internal write signal A\ \/

Write ! |

Internal data bus ( Write data  )———

* Pin States during On-Chip Memory Access

Bus cycle |
T1

Address bus Retained
AS High
RD High
HWR, LWR High
Data bus High-impedance

HITACHI
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On-Chip Supporting Modules

The on-chip supporting modules are accessed in two states. The data bus is either 8 bits or 16 bits
wide, depending on the internal 1/O register.

e On-Chip Supporting Module Access Cycle (Two-state Access)

Bus cycle

Internal address bus

Internal read signal A\ /
Read ]
Internal data bus : < Read data >—
Internal write signal : \ '/
Write
| [ Wi >
Internal data bus | A Write data ‘
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» Pin States during On-Chip Supporting Module Access

Bus cycle

Address bus | Reta‘ined |
AS Hijgh
RD High
HWR, LWR High
Data bus High-impedance

External Address Space

The external address space is accessed with an 8-bit or 16-bit data bus width in atwo-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 4.1, Bus Controller (BSC).
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3.7 Processing States

The H85/2000 CPU has five processing states. the reset state, program execution state, exception-
handling state, bus-released state, and power-down state.

Reset State: State in which the CPU and all on-chip supporting modules are initialized and halted.
Program Execution State: State in which the CPU executes the program sequentially.

Exception-Handling State: Transient state in which the normal processing flow is altered and
exception handling executed as the result of areset, interrupt, or trap instruction exception
handling source.

Bus-Released State: State in which the external busis released in response to a bus request signal
from a bus master other than the CPU.

Power-Down State: State in which CPU operation is stopped, and power consumption is kept low
(dleep mode, software standby mode, hardware standby mode). The power-down state also
includes medium-speed mode and module stop mode.
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State Transition Diagram

End of bus request

Bus request

End of bus
request

A

Bus-released state

End of
exception
handling

Exception-handling state

A

RES = high

Reset ®

Program execution

state
Bus

request

Request for
exception
handling

Interrupt
request

External interrupt
request

STBY = high, RES = low

SLEEP
instruction
with
SLEEP \ SSBY =0
instruction
with
SSBY =1
| I |
‘ Sleep mode

Software standby mode

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.
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3.8 Exception Handling

H8S/2000 CPU exception handling is activated by areset, atrap instruction, or an interrupt. A
priority system is provided for exception handling, and simultaneously generated exceptions are
handled in order of priority.

Exception Typesand Priority

Priority  Exception Type Start of Exception Handling

High Reset Starts immediately 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) bitis setto 1

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

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

Exception Handling Operation

Exception handling is initiated by various exception handling sources. Trap instruction exception
handling is always accepted in the program execution state. Trap instructions and interrupts are
handled as follows:

1. The program counter (PC), condition code register (CCR), and extend register (EXR) are
pushed onto the stack.

2. Theinterrupt mask bits are updated. The T bit is cleared to 0.

3. A vector address corresponding to the activation source is generated, and program execution
starts from the address indicated in that vector address.

For areset exception, steps 2 and 3 above are carried out.
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Exception Vector Table

Exception Source

Vector Number

Vector Address**

Reset 0 H'0000 to H'0003

Reserved 1 H'0004 to H'0007

Reserved for system use 2 H'0008 to H'000B

3 H'000C to H'000F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017

Reserved for system use 6 H'0018 to H'001B

External interrupt NMI 7 H'001C to H'001F

Trap instruction (4 sources) 8 H'0020 to H'0023

9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033

13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043

IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

IRQ6 22 H'0058 to H'005B

IRQ7 23 H'005C to H'005F

Internal interrupt*? 24 H'0060 to H'0063
to to

91 H'015C to H'015F

Notes: 1. Lower 16 bits of the address.
2. For details of internal interrupt vectors, see section 3.9, Interrupts.
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3.9 Inter

rupts

Interrupts are controlled by the interrupt controller. There are atotal of 61 interrupt sources,
comprising nine external interrupts from the external pins (NMI, IRQO to IRQ7), and 52 internal
interrupts from on-chip supporting modules. A separate vector number is assigned to each

interrupt.

Interrupt Control

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

Theinterrupt controller controls interrupts on the basis of the control mode set by the INTM1 and
INTMO bits, the interrupt priorities set by interrupt priority register (IPR), and the masking
conditions set by the | bit in CCR and bits12to 10 in EXR.

NMI isthe highest-priority interrupt, and is always accepted.

Block Diagram of Interrupt Controller

CPU

| CCR

INTM1, INTMO
SYSCRY|
IRQPAS|| NMIEG ¢ L
NMI input »  NMI input unit - Interrupt
L request
IRQinput — IRQ input unit —— Vector
ISR
number
ISCR IER Priority
determination
. |
Internal interrupt
source
SWDTEND to TEI | 121010
Interrupt controller

Legend:

ISCR: IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

IPR: Interrupt priority register

SYSCR: System control register

| EXR

Interrupt Control Modes
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SYSCR

Interrupt Priority Setting Interrupt
Control Mode INTM1 INTMO Registers Mask Bits Description
0 0 0 — | Interrupt mask control is
performed by the | bit.
— — — Setting prohibited
2 1 0 IPR 12t0 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set with
IPR.
— 1 — — Setting prohibited
» Block Diagram of Interrupt Control Operation
Interrupt
control
mode 0 |
Interrupt
acceptance
control
— Default priority
Interrupt source —__ M = [> Vector number
determination
8-level
—|  mask control

t

12to 10
IPR

Interrupt control mode 2

Interrupt Control Mode 0: Enabling and disabling of IRQ interrupts and on-chip supporting
module interrupts can be set by means of the | bit in CCR. Interrupts are enabled when the | bit is
cleared to O, and disabled when set to 1.

Interrupt Control Mode 2: Eight-level masking can be implemented for IRQ interrupts and on-
chip supporting modul e interrupts by comparing the interrupt mask level bits (1I2to 10) in EXR and
the IPR priority level.
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Interrupt Sources, Vector Addresses, and Interrupt Priorities

Origin of
Interrupt Vector Vector
Interrupt Source Source Number  Address* IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRA6to4 A
IRQ1 17 H'0044 IPRA2 to O
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to O
IRQ5 21 H'0054
IRQ6 22 H'0058 IPRC6 to 4
IRQ7 23 H'005C
SWDTEND (software activated DTC 24 H'0060 IPRC2to 0
data transfer end)
WOQOVI (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer
CMI (compare match) Refresh 26 H'0068 IPRD2to 0
controller
Reserved — 27 H'006C IPRESG to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2to O
TGIOA (TGROA input capture/ TPU 32 H'0080 IPRF6 to 4
compare match) channel 0
TGIOB (TGROB input capture/ 33 H'0084
compare match)
TGIOC (TGROC input capture/ 34 H'0088
compare match)
TGIOD (TGROD input capture/ 35 H'008C
compare match)
TCIOV (overflow 0) 36 H'0090
TGI1A (TGR1A input capture/ TPU 40 H'00A0 IPRF2t0 0
compare match) channel 1
TGI1B (TGR1B input capture/ 41 H'00A4
compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC Low

Note: * Lower 16 bits of the start address.
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address* IPR Priority
TGI2A (TGR2A input capture/ TPU 44 H'00BO IPRG6to4  High
compare match) channel 2 A
TGI2B (TGR2B input capture/ 45 H'00B4
compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) 47 H'00BC
TGI3A (TGR3A input capture/ TPU 48 H'00CO IPRG2to 0
compare match) channel 3
TGI3B (TGR3B input capture/ 49 H'00C4
compare match)
TGI3C (TGR3C input capture/ 50 H'00C8
compare match)
TGI3D (TGR3D input capture/ 51 H'00CC
compare maitch)
TCI3V (overflow 3) 52 H'00DO
TGI4A (TGRA4A input capture/ TPU 56 H'00EO IPRH6 to 4
compare match) channel 4
TGI4B (TGR4B input capture/ 57 H'00E4
compare match)
TCl4V (overflow 4) 58 H'O0E8
TCIl4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input capture/ TPU 60 H'00FO0 IPRH21t0 0
compare match) channel 5
TGI5B (TGR5B input capture/ 61 H'00F4
compare maitch)
TCI5V (overflow 5) 62 H'0O0F8
TCI5U (underflow 5) 63 H'00FC
CMIAO (compare match A) 8-bittimer 64 H'0100 IPRI6 to 4
CMIBO (compare match B) channel 0A g5 H'0104
OVIO0 (overflow) 66 H'0108
CMIAL (compare match A) 8-bittimer 68 H'0110 IPRI2to O
CMIB1 (compare match B) channel 1A gg H'0114
OVI1 (overflow) 70 H'0118 Low

Note: * Lower 16 bits of the start address.
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address* IPR Priority
DENDOA (channel O/channel OA° DMAC 72 H'0120 IPRJ6 to 4 High
transfer end) A
DENDOB (channel OB transfer 73 H'0124
end)
DEND1A (channel 1/channel 1A 74 H'0128
transfer end)
DEND1B (channel 1B transfer 75 H'012C
end)
ERIO (receive error 0) SCI 80 H'0140 IPRJ2t0 0
RXI0 (reception completed 0) channel0 g H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channel1  gg H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2to O
RXI2 (reception completed 2) channel 2 gg H'0164
TXI2 (transmit data empty 2) 90 H'0168
TEI2 (transmission end 2) 91 H'016C Low

Note: * Lower 16 bits of the start address.
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3.10 Operating Modes

In these series, there are two operating modes for the ROMIess versions, four for the mask ROM
versions, and eight for the F-ZTAT versions. These modes allow the selection of initial settings for
the CPU operating mode, enabling/disabling of on-chip ROM, and the bus width, by setting the
mode pins (MD2 to MDO).

Operating Modesfor Each ROM Type

Operating Mode Mask ROM Versions F-ZTAT Versions ROMIless Versions
4 v v

5 v

v
6 v
7 v

10 —

11 —

L L <
|

14 —

15 — v —
Note: Modes 0to 3, 8,9, 12, and 13 are not supported, and must not be set.

Mode 4 (On-Chip ROM Disabled Expanded M ode): 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, ports D and E function 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, if 8-bit access
is designated by the bus controller for all areas, the bus mode switches to 8 hits.

Mode 5 (On-Chip ROM Disabled Expanded M ode): The CPU can access a 16-Mbyte address
space in advanced mode. The on-chip ROM is disabled. Pins P13 to P10 and 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 8 bits, with 8-bit access to all areas. However, if at least one
areais designated for 16-bit access by the bus controller, the bus mode switches to 16 bits and port
E becomes a data bus.

Mode 6 (On-Chip ROM Enabled Expanded Mode): The CPU can access a 16-Mbyte address
space in advanced mode. The on-chip ROM is enabled. Pins P13 to P10 and ports A, B and C
function asinput portsimmediately after areset. These pins can be set to output addresses by
setting the corresponding bitsto 1 in the pin function control register (PFCR) in the case of pins
P13 to P10 and ports A and B, or in the data direction register (DDR) for port C. Port D functions
as adata bus, and part of port F carries bus control signals.
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Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, if at least one
areais designated for 16-bit access by the bus controller, the bus mode switches to 16 bits and port
E becomes a data bus.

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.
Mode 10 (F-ZTAT Versions Only): Thisisaflash memory boot mode.

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

Mode 11 (F-ZTAT Versions Only): Thisisaflash memory boot mode.

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.

Mode 14 (F-ZTAT Versions Only): Thisisaflash memory user program mode.

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

Mode 15 (F-ZTAT Versions Only): Thisisaflash memory user program mode.

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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Eight MCU Operating Modes (F-ZTAT™ Versions)

External Data

MCU CPU Bus
Operating Operating On-Chip Initial Max.
Mode FWE MD2 MD1 MDO Mode Description ROM Width  Width
0 0 0 0 0 — — — — —

1 1

2 1 0

3 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits
5 1 expanded mode 8bits 16 bits
6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits

expanded mode

7 1 Single-chip mode — —

8 1 0 0 0 — — — — —

9 1

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 — —
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Four/Two MCU Operating Modes (Mask ROM VersionyROMless Versions)

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Width Width

0 0 0 0 — — — — —

1 1

2 1 0

3 1

4* 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits

5+ 1 expanded mode 8bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7 1 Single-chip mode — —

Note: * Only modes 4 and 5 are available in the ROMIless versions (H8S/2332 and H8S/2322).
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311

Address Maps

These series have a 16-Mbyte address space, divided into eight areas.

Address Mapsin Each Operating Mode

Modes 4 and 51
(advanced expanded modes

H'000000

H'FFDCO0

H'FFFC00
H'FFFE40
H'FFFFO8
H'FFFF28

Mode 6

(advanced expanded mode

MOde 7
(advanced single-chip mode)

with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000
On-chip ROM On-chip ROM
External address
space H'010000 H'010000
On-chip ROM/
external address On-chip ROM/
space*? reserved area*3
H'03FFFF
| ] H040000 | External address _|
B T T space T
H'FFDCO00 H'FFDCO00
On-chip RAM*4 On-chip RAM*4 On-chip RAM
H'FFFBFF
External address space H'FFFCOO | External address space
Internal 1/O registers HFFFE40 Internal 1/O registers H'FFFE40 |Interna| 110 registers|
. H'FFFFO7
External address space H'FFFFO8 External address space
: H'FFFF28 ) H'FFFF28 ;
Internal 1/O registers H'EEFEEF Internal 1/O registers HEFEFEE |Interna| 110 reglsters|

HFFFFFF

Notes: 1. Only modes 4 and 5 are available in the ROMless versions (H8S/2332 and H8S/2322).
2. External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
3. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
4. Can be made external addresses by clearing the RAME bit to 0 in SYSCR.
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Address Mapsin Each Operating Mode (F-ZTAT Versions Only)

Mode 10: Boot mode

Mode 14: User program mode

(advanced on-chip ROM
enabled expanded mode)

Mode 11: Boot mode
Mode 15: User program mode
(advanced single-chip mode)

H'000000 H'000000
On-chip ROM On-chip ROM
H'010000 H'010000
On-chip ROM/ On-chip ROM/
external address reserved area*?2
space*l
H'03FFFF
H'040000 | External address |
N space
H'FFDCO00 H'FFDCO00
On-chip RAM*3 On-chip RAM*3
H'FFFBFF
H'FFFCOO | External address space
H'FFFE40 | nternal 1/0 registers H'FFFEA0 | i |
g H'FEFEO7 Internal 1/O registers
HFFFFO8 External address space
H'FFFF28 - H'FFFF28 .
HEFEEEE Internal I/O registers H'EEEEFE ||nternal 110 reglsters|

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 to 0 in SYSCR.
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Section4 Supporting Modules

41 Bus Controller (BSC)

The H85/2338 and H8S/2328 Series have a built-in 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 memories to 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 data transfer controller (DTC).

Features

* Manages externa address spacein area units
O Managesthe externa space as 8 areas of 2-Mbytes
O Bus specifications can be set independently for each area
O DRAM/burst ROM interfaces can be set
* Basicbusinterface
0 Chip select (CSO to CS7) can be output for areas 0 to 7
O 8-bit 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 2to 5
Row address/column address multiplexed output (8/9/10 bits)
2-CAS method
Burst operation (fast page mode)
Te cycleinsertion to secure RAS precharging time
Choice of CAS-before-RAS refreshing or self-refreshing
* Burst ROM interface
O Burst ROM interface can be set for area 0
O Choice of 1- or 2-state burst access
* Idlecycleinsertion
O Anidlecycle can beinserted in case of an external read cycle between different areas

O Anidlecyclecan beinserted in case of an external write cycleimmediately after an
external read cycle

I A [ |
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Write buffer functions
O External write cycle and internal access can be executed in parallel

0O DMA single-address mode and internal access can be executed in parallel
Bus arbitration function

O Includes abus arbiter that arbitrates bus mastership among the CPU, DMAC, and DTC
Other features

O Refresh counter (refresh timer) can be used as an interval timer
O External busrelease function
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Block Diagram of Bus Controller

CS0to CS7

Area decoder

Q

ABWCR [
External bus control signals ASTCR _
BCRH
BCRL [
BREQ ——————— ™
BACK ] Bus
BREQO <—————— controller
— L Wait
WAIT controller WCRH
WCRL

External DRAM

Internal
address bus

Internal control

signals

control

signals

Legend:
ABWCR:
ASTCR:
BCRH:
BCRL:
WCRH:

DRAM controller

Bus width control register
Access state control register
Bus control register H

Bus control register L

Wait control register H

MCR
DRAMCR
RTCNT
RTCOR
|——
[-—
. [
Bus arbiter
—
o
o
WCRL:

MCR:
DRAMCR:
RTCNT:
RTCOR:

Internal data bus

— Bus mode signal

CPU bus request signal

DTC bus request signal

DMAC bus request signal

CPU bus acknowledge signal
DTC bus acknowledge signal
DMAC bus acknowledge signal

Wait control register L
Memory control register
DRAM control register
Refresh timer counter
Refresh time constant register
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41.1 Area Partitioning

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.

Area partitioning is only effective in expanded mode, and has no significance in single-chip mode.

Overview of Area Partitioning

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)
H'FFFFFF
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Bus Specifications

The external address space bus specifications consist of three elements: bus width, number of
access states, and number of program wait states. The bus width and number of access states for
on-chip memory and internal 1/O registers are fixed , and are not affected by the bus controller.

Bus specifications can be set as shown below by means of the bus controller control registers.

» Bus Specifications for Each Area (Basic Bus Interface)

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
0 0 3 0
1 1
1 0 2
1 3

Memory Interfaces

These series’ memory interfaces comprise (1) a basic bus interface that allows direct connection
of ROM, SRAM, and so on; (2) a DRAM interface that allows direct connection of DRAM; and
(3) aburst ROM interface that allows direct connection of burst ROM. The interface can be
designated independently for each area.

41.2 Basic BusInterface

This interface can be designated for areas 0 to 7. When external spaceis accessed, the chip select
signal (CSO to CS7) for the relevant area (0 to 7) can be output.

In 3-state access space, 0 to 3 program wait states or a pin wait by means of the WAIT pin can be
inserted.

After areset, all areas are designated as basic bus interface, 3-state access space (the bus width is
determined by the MCU operating mode).
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Basic Bus Timing (Word Access to 16-Bit 2-State Access Space)
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Note: n=0to 7
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Basic Bus Timing (Word Accessto 16-Bit 3-State Access Space)

Ta

Bus cycle
T2

T,

o| | =
S| |
> | >
o| |
TS| |
> | >
o o o o
DDDWnioWnDD
s < T =4 <2 8
ERS T
ay ay
o] [6]
g =
o =

Address bus

Note: n=0to 7
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413 DRAM Interface

External space areas 2 to 5 can be designated as DRAM space, and DRAM interface performed.
With the DRAM interface, DRAM can be directly connected to the H8S/2000 Series. Selectable
DRAM space settings are: one area (area 2); two areas (areas 2 and 3); and four areas (areas 2 to

5).

In an area designated as DRAM space, the CS pin functions asthe RAS pin.

Features

72

2/4/8-Mbyte or 128/256/512-kbyte DRAM space can be set
Address multiplexing

0 Row address and column address are multiplexed.

O Selection of 8, 9, or 10 bits as the row address shift size
Basic timing

0 4-state basic timing

O Wait state insertion possible

DRAM interface

O 2-CASsystem for control signals required for DRAM byte access
Burst operation

0 Fast page mode

Refresh control

O Selection of CAS-before-RAS refreshing or self-refreshing
0 Canbeused asinterva timer
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Basic Access Timing (2-CAS System)

DRAM Basic Timing
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Byte Access Control Timing (Upper Byte Write Access)

="
(@)
o
| S
3
=
‘ ‘>< T

Byte control !

Note: n=2to5

Example of 2-CAS Type (LCASS = 0) Connection

These Series
(Address shift size set to 9 bits)

CS (RAS)
CAS
LCAS
HWR (WE)

A9
A8
A7
A6
A5
A4
A3
A2
Al

D15 to DO

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

RAS

UCAS

LCAS

WE

A8 Low address
A7 input: A8 to AO

A6 Column address
input: A8 to AO
A5

A4
A3
A2
Al
A0

D15 to DO

OE

4+
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414 Burst ROM Interface

External space area 0 can be designated as burst ROM space, and burst ROM space interfacing
can be performed. The burst ROM space interface enables 16-bit configuration ROM with burst
access capability to be accessed at high speed.

Consecutive burst accesses of amaximum 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

e Example of Burst ROM Access Timing (When ASTO=BRSTS1 = 1)

Full access Burst access

T1 ‘ T, ‘ T3 Ty ‘ T2 T1 ‘ T2
o o o o

\/
Address bus :>< >< Only lower ad/o\|ress changed ><

Data bus —< Read data >—< Read data >—< Read data

75
HITACHI




Example of Burst ROM Access Timing (When ASTO = BRSTS1 = 0)

Full access Burst access

LE T2 Ty T

\/
Address bus x ><On|y lower address changed }
/\

Data bus 4< Read data ><Read data>< Read data>i
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4.2 DMA Controller (DMAC)

The DMA controller (DMAC) can carry out data transfer on up to 4 channels (channels OA, 0B,
1A, and 1B). Short address transfer can be performed on each channel independently, and full
address transfer is possible by using pairs of channels.

Features

e Choice of short address mode or full address mode
Short address mode
0 Maximum of 4 channels can be used
0 Choice of dual address mode or single address mode

O Indua address mode, one of the two addresses, transfer source and transfer destination, is
specified as 24 hits and the other asl6 bits

O Insingle address mode, transfer source or transfer destination address only is specified as
24 bits

O Insingle address mode, transfer can be performed in one bus cycle

O Choice of sequential mode, idle mode, or repeat mode for dual address mode and single
address mode

Full address mode
0 Maximum of 2 channels can be used
O Transfer source and transfer destination address specified as 24 bits
0 Choice of norma mode or block transfer mode
» 16-Mbyte address space can be specified directly
» Byteor word can be set as the transfer unit

» Activation sources: internal interrupt, external request, auto-regquest (depending on transfer
mode)

O Six 16-bit timer-pulse unit (TPU) compare match/input capture interrupts
O Serial communication interface (SCI) transmission complete interrupt, reception complete
interrupt
O A/D converter conversion end interrupt
O Externa reguest
O Auto-request
» Module stop mode can be set

O Theinitia setting enables DMAC registers to be accessed. DMAC operation is halted by
setting module stop mode
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Block Diagram

Internal address bus

Internal interrupts

ﬂ

K

TGIOA — = Address buffer

TGIIA —»

TGI2A —»

TGI3A > Processor

TGI4A —»|

TGI5A  ——»] ) MAROA

B(('I% > ol £ IOAROA

TXI1 — Control logic T § ETCROA

%:1 — <£% g MAROB
External pins - © g IOAROB

DREQ0 —» g

DREQT — = DMAWER G ETCROB

TENDO -~ DMATCR 3 MAR1A

TEND1 —— T

DACKO ~a—| DMACROA | g IOAR1A

[]

DACK1I B DMACROB g 5 ETCR1A
Interrupt signals S [ m |

DENDOB ~=—— DMACR1B g I0AR1B

[
DENA | DMmABCR N ETCRI1B
| Data buffer |

0

Module data bus

Internal data bus

Legend:
DMAWER: DMA write enable register

DMATCR: DMA terminal control register
DMABCR: DMA band control register (for all channels)

DMACR: DMA control register

MAR: Memory address register

I0AR: 1/0 address register

ETCR: Executive transfer counter register
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Transfer Modes

The DMAC has the transfer modes shown in the table below. In short address mode, up to four-
channel transfer is possible, with channels A and B operating independently. In full address mode,
up to two-channel transfer is possible, with channels A and B combined.

e Overview of Transfer Mode

Address Register Bit Length

Transfer Mode Transfer Source Source Destination
Short Dual address mode *+ TPUchannel0  24/16 16/24
address . gequential mode to 5 compare
mode O 1-byte or 1-word transfer match/input
capture A
executed for one transfer interrupt
request -
e SCI transmission
O Memory address lete
incremented/decremented comple
interrupt
by lor2 » SClI reception
O 1to 65536 transfers complete
e Idle mode interrupt
0 1-byte or 1-word transfer .  A/D converter
executed for one transfer conversion end
request interrupt
0 Memory address fixed . External request
0 1 to 65536 transfers
¢ Repeat mode
O 1-byte or 1-word transfer
executed for one transfer
request
O Memory address
incremented/
decremented by 1 or 2
O After specified number of
transfers (1 to 256), initial
state is restored and
operation continues
Single address mode » External request 24/DACK DACK/24
e 1-byte or 1-word transfer
executed for one transfer
request
e Transfer in 1 bus cycle using
DACK pin in place of address
specifying 1/0
* Specifiable for sequential,
idle, and repeat modes
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Address Register Bit Length

Transfer Mode Transfer Source Source Destination
Full ¢ Normal mode * Auto-request 24 24

address Auto-request

mode O Transfer request retained

internally

O Transfers continue for the
specified number of times
(1 to 65536)

O Choice of burst or cycle
steal transfer

External request » External request

O 1-byte or 1-word transfer
executed for one transfer

request

O 1to 65536 transfers

« Block transfer mode e TPUchannel0 24 24

O Specified block size to 5 compare
transfer executed for one match/input
transfer request Fapture A

0 1 to 65536 transfers interrupt

0 Either source or * SCl transmission
destination specifiable as complete
block area interrupt

O Block size: 1to 256 bytes °  SC! reception
or words complete

interrupt

» External request

» A/D converter
conversion end
interrupt
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Short Address Mode

There are two kinds of short address mode—dual address mode and single address mode. Each
mode incudes (1) sequential mode, (2) idle mode, (3) repeat mode, and (4) single address mode.

In short address mode, data transfer can be performed on a maximum of four channels.

(1) Sequential mode

In response to a single transfer request, the specified number of transfers are carried out, one
byte or oneword at atime. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. One address is specified as 24 bits, and the
other as 16 bits. The transfer direction is programmable.

Address T —m» - |OAR

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
Y Address B =L + (-1)DTID« (2DTSZ« (N—1))
Address B Where: L =Value setin MAR

N = Value set in ETCR

/\_/

Operation in Sequential Mode
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2

©)

Idle mode

In response to a single transfer request, the specified number of transfers are carried out, one
byte or oneword at atime. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. One address is specified as 24 bits, and the
other as 16 bits. The transfer source address and transfer destination address are fixed. The
transfer direction is programmable.

Repeat mode

In response to a single transfer request, the specified number of transfers are carried out, one
byte or one word at atime. When the specified number of transfers have been completed, the
addresses and transfer counter are restored to their original settings, and operation is continued.
No interrupt request is sent to the CPU or DTC. One address is specified as 24 hits, and the
other as 16 bits. The transfer direction is programmable.

/\/ /\/

MAR — --+— OAR
/\_/ /\_/

1 byte or word transfer performed in
response to 1 transfer request

82

Operation in Idle Mode
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Address T —m»

/\/ /\/

o

/\/

1 byte or word transfer performed in

response to 1 transfer request

Legend:

Y

Address T=L
Address B =L + (-1)DTID« (2DTSZ« (N-1))

Address B ——m|

Where: L = Value setin MAR
N = Value setin ETCR

/\/

Operation in Repeat Mode

HITACHI
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(4) Single address mode
In response to a single transfer request, the specified number of transfers are carried out
between external memory and an external device, one byte or one word at atime. Unlike dual
address mode, source and destination accesses are performed in parallel. Therefore, either the
source or the destination is an external device which can be accessed with a strobe alone, using
the DACK pin. One address is specified as 24 bits, and for the other, the pin is set
automatically. The transfer direction is programmable.
Sequential, idle, and repeat modes can also be specified for single address mode. Single
address mode can only be used on channel B.

/\/

Address T —m | < DACK

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T =L
Y Address B =L + (~1)DTID « (2DTSZ « (N—1))
Where: L =Value setin MAR
N = Value set in ETCR

Address B —m»|

/\_/

Operation in Single Address Mode (When Sequential Mode is Specified)
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Full Address Mode
Full address mode includes (5) normal mode and (6) block transfer mode.

In full address mode, data transfer can be performed on a maximum of two channels, with
channels A and B combined.

(5) Normal Mode

One byte or word is transferred per transfer request, and a designated number of these transfers
are executed. A CPU or DTC interrupt can be requested on completion of the designated
number of transfers. Both addresses are 24-bit addresses. There are two transfer requests
(activation sources)—an external request and an auto request.

/\_/ /\_/

Address Tao —m s Address Tg

Y Y

Address Ba — —a—— Address Bg

/\/ /—\/

Legend:
Address Ta = La
Address Tg = Lg
Address Ba = La + SAIDE ¢ (—1)SAID « (2DTSZ « (N-1))
Address Bg = Lg + DAIDE » (—1)PAID « (2DTSZ « (N-1))
Where: La = Value setin MARA

Lg = Value setin MARB

N =Value setin ETCRA

Operation in Normal Mode
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(6) Block Transfer Mode
One block of the specified size istransfer per request, and a designated number of block
transfers are executed. At the end of each block transfer, one addressis restored to its initial
value. When the designated number of blocks have been transferred, a CPU or DTC interrupt
can be requested. Both addresses are 24-bit addresses.

T~

Address Ty —»

1st block

\J

Address By, —m=

Legend:

2nd block

Nth block

/\/

Address Ta = La
Address Tg = Lg
Address Ba = La + SAIDE « (—1)SAID « (2DTSZ ¢ (MeN-1))
Address Bg = Lg + DAIDE ¢ (—1)DAID « (2DTSZ s (N-1))
Where: La = Value setin MARA
Lg = Value setin MARB
N =Value setin ETCRB

M

Consecutive transfer
of M bytes or words

__| is performed in

response to one
request

= Value set in ETCRAH and ETCRAL

/\/

Block area

/\/

~a— Address Tg

)

~a— Address By
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4.3 Data Transfer Controller (DTC)

The data transfer controller (DTC) is activated by an interrupt or software, and can transfer data
without imposing any load on the CPU.

Features

» Transfer possible over any number of channels
O Transfer information is stored in memory
0 One activation source can trigger a number of data transfers (chain transfer)
O Chain transfer execution can be set after data transfer (when counter = 0)
* Variety of transfer modes
O Normal, repeat, and block transfer modes available
O Incrementing, decrementing, and fixing of source and destination addresses can be selected
» Direct specification of 16-Mbyte address space possible
O 24-bit specification of transfer source and destination addresses
» Transfer can be set in byte or word units
» A CPU can be requested for the interrupt that activated the DTC
O Aninterrupt request can be issued to the CPU after one data transfer ends
O Aninterrupt request can be issued to the CPU after al specified data transfers have ended
» Can be activated by software
» Module stop mode can be set

O Theinitia setting enables DTC registers to be accessed. DTC operation is halted by setting
modul e stop mode.
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DTC Block Diagram

Internal address bus

Interrupt controller DTC

On-chip RAM
5 |
Sy 8 g
Interrupt —_ T S 2 - g |
request “o = % i gz £
52115 brc || § | |2 gz°]” g
activa- OO o !
tion = g
request = !
CPU interrupt Internal data bus
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:
DTVECR:

DTC enable registers Ato F
DTC vector register

Data Transfer Operation

When a DTC activation source occurs, the DTC reads register information previously stored in
memory, and transfers data on the basis of that register information. After the data transfer, it
writes updated register information back to memory.

Pre-storage of register information in memory makes it possible to transfer data over any required
number of channels. The DTC can also execute a number of transfers with asingle activation
source (chain transfer). A setting can also be made to perform chain transfer, only when the
transfer counter value is 0. This enables DTC re-setting to be performed by the DTC itself.
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Flowchart of DTC Operation

Start

Y
Read DTC vector

WY

Next transfer

\

Read register information

v

Data transfer

v

Write register information

Y

CHNE =17

Yes

Transfer counter = 0
Yes

Transfer
counter = 0?

v

Clear an activation flag Clear DTCER

Y V

Interrupt
End exception handling

89
HITACHI




¢ Chain Transfer Conditions

1st Transfer

2nd Transfer

CHNE CHNS DISEL CR CHNE CHNS DISEL CR DTC Transfer

0 — 0 Nonzero — — — — Ends with 1st transfer

0 — 0 0 — — — — Ends with 1st transfer

0 — 1 — — — — — Interrupt request to CPU

1 0 — — 0 — 0 Nonzero Ends with 2nd transfer
0 — 0 0 Ends with 2nd transfer
0 — 1 — Interrupt request to CPU

1 1 0 Nonzero — — — — Ends with 1st transfer

1 1 — 0 0 — 0 Nonzero Ends with 2nd transfer
0 — 0 0 Ends with 2nd transfer
0 — 1 — Interrupt request to CPU

1 1 1 Nonzero — — — — Ends with 1st transfer

Interrupt request to CPU
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DTC Activation Sources

The DTC is activated by an interrupt source or by a vector number write to the DTC vector
register (DTVECR) by software. An interrupt request can be designated as a CPU interrupt source
or aDTC activation source.

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC operates in accordance with the default priorities.

* Interrupt Sources and DTC Vector Address
The DTC vector address indicates the start address of the register information in memory. The
MRA, SAR, MRB, DAR, CRA, and CRB registers are located in that order from the start
address of the register information. Locate the register information in the on-chip RAM
(addresses H'FFF800 to H'FFFBFF).

* Location of DTC Register Information in Address Space

Lower address

) 0 1 2 3
Register I I
information —» | MRA SAR
start address
MRB DAR Register information
Chain CRA CRB
transfer
—* | MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
4 bytes
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« 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)

IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ6 22 H'042C DTCEAl
IRQ7 23 H'042E DTCEAO
ADI (A/D conversion end) A/D 28 H'0438 DTCEB6
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEB5
input capture) channel 0
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCECY
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCECG6
input capture) Low
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
TGI3A (GR3A compare match/ TPU 48 H'0460 DTCEC5 High
input capture) channel 3 A
TGI3B (GR3B compare match/ 49 H'0462 DTCEC4
input capture)
TGI3C (GR3C compare match/ 50 H'0464 DTCEC3
input capture)
TGI3D (GR3D compare match/ 51 H'0466 DTCEC2
input capture)
TGI4A (GR4A compare match/ TPU 56 H'0470 DTCEC1
input capture) channel 4
TGI4B (GR4B compare match/ 57 H'0472 DTCECO
input capture)
TGI5A (GR5A compare match/ TPU 60 H'0478 DTCED5
input capture) channel 5
TGI5B (GR5B compare match/ 61 H'047A DTCED4
input capture)
CMIAO 8-bit timer 64 H'0480 DTCEDS3
CMIBO channel 0 65 H0482  DTCED2
CMIAL 8-bit timer 68 H'0488 DTCED1
CMIB1 channel 1 69 H048A  DTCEDO
DMTENDOA (DMAC transfer end 0) DMAC 72 H'0120 DTCEE7
DMTENDOB (DMAC transfer end 1) 73 H'0124 DTCEE6
DMTEND1A (DMAC transfer end 2) 74 H'0128 DTCEE5
DMTEND1B (DMAC transfer end 3) 75 H'012C DTCEE4
RXIO (reception complete 0) SCI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0) channel 0 82 HO04A4  DTCEE2
RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channel 1 86 HO4AC  DTCEEO
RXI2 (reception complete 2) SCI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2) channel 2 90 HO04B4  DTCEF6 Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
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DTC Operation Timing

» Examplein Normal Mode or Repeat Mode

: JUrrug Uy L

DTC activation
request /

\

DTC
request /

Address

o

Data transfer
Vector read

-
() OO readume X
- -

Transfer Transfer
information read information write

» Example of Block Transfer Mode (Block Size = 2)

« Uy yguuyyt

DTC activation
request /

DTC request /

| U

Vector read Data transfer

-~
O OO0 REEE0O00

Address
-y -~
Transfer Transfer
information read information write
94

HITACHI




» Example of Chain Transfer

o Juuyyrryryiryuvyyyuy i

DTC activation
request J \
DTC
request J \_
Data transfer Data transfer
Vector read - -
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write
Number of DTC Execution States
Register
Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRA)
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* Number of States Required in Each Execution State

On- On-
Chip Chip Internal I/O
Access To RAM ROM Registers External Devices
Bus width 32 16 8 16 8 8 16 16
Access states 1 1 2 2 2 3 2 3
Execution Vector read S, — 1 — — 4 6+2m 2 3+m
State Register information S, 1 — — — — — — —
read/write
Byte data read Sk 1 1 2 2 2 3+m 2 3+m
Word data read Sk 1 1 4 2 4 6+2m 2 3+m
Byte data write S. 1 1 2 2 2 3+m 2 3+m
Word data write S 1 1 4 2 4 6+2m 2 3+m
Internal operation Sm 1 1 1 1 1 1 1 1

Note: The number of execution states is calculated from the formula below.
Number of execution states =1-S;+ 2 (J - S;+ K-Sk +L -S| )+ M-Sy

2 indicates the sum of all transfers activated by one activation event (the number in which
the CHNE bitis set to 1, plus 1).
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Transfer Modes

There are three DTC transfer modes—normal mode, repeat mode, and block transfer mode.

Inthe DTC, the 24-bit source address register (SAR) designates the transfer source address and the
24-bit destination address register (DAR) designates the transfer destination address. After each
transfer, SAR and DAR are independently incremented, decremented, or left unchanged.

e Overview of DTC Functions

Address Registers

Transfer  Transfer

Transfer Mode Activation Source Source Destination
« Normal mode * IRQ 24 bits 24 bits
O 1-byte or 1-word transfer executed for « TPU TGI
one transfer request « 8-bit timer CMI
O Memory addresses are incremented e SCITXI or RXI
or decremented by 1 or 2 « A/D converter ADI
O Up to 65,536 transfers possible « DMAC DEND
* Repeat mode « Software
O 1-byte or 1-word transfer executed for
one transfer request
O Memory addresses are incremented
or decremented by 1 or 2
O After the specified number of transfers

(1 to 256), the initial state is restored
and operation continues

» Block transfer mode

O

One transfer request transfers a block
of the specified size

Block size is from 1 to 256 bytes or
words

Up to 65,536 transfers possible

A block area can be designated at
either the source or destination
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Operation in Normal Mode: In normal mode, one byte or one word of datais transferred in one
operation. From 1 to 65,536 transfers can be specified. When the specified number of transfers
have ended, a CPU interrupt can be requested.

mm

SAR —» E— <— DAR

Transfer

SAR: Transfer source address
DAR: Transfer destination address
CRA: Transfer counter
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Operation in Repeat Mode: In repeat mode, one byte or one word of datais transferred in one
operation. From 1 to 256 transfers can be specified. When the specified number of transfers have
ended, theinitial state specified in the transfer counter and repeat areais restored and transfer is

repeated.

m m
SAR or DAR or
DAR ™ Repeat area <:> - SAR
Transfer
\_/_\ \_/_\

SAR: Transfer source address
DAR: Transfer destination address
CRA: Transfer counter (8 bits x 2)

99

HITACHI



Operation in Block Transfer Mode: In block transfer mode, one operation transfers one block of
data. Either the transfer source or the transfer destination is specified as ablock area. The block
sizeis1to 256. When the transfer of one block ends, theinitial settings of the block size counter
and the address register specified in the block area are restored. The other address register is
continually incremented, decremented, or |eft unchanged.

From 1 to 65,536 transfers can be specified. When the specified number of transfers have ended, a
CPU interrupt can be requested.

H First block

I \_ﬂ
SAR or B . 7] B ] DAR or
DAR ™ . <:> Block area - AR

B . Transfer N

B N ~_

nth block
Y
m

SAR: Transfer source address
DAR: Transfer destination address
CRA: Block size (8 bits x 2)

CRB: Transfer counter
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Chain Transfer

Setting the CHNE bit to 1 in DTC mode register B enables anumber of data transfers to be
performed consecutively in response to asingle transfer request. Also, by setting both the CHNE
bit and the CHNS bit to 1, it is possible to specify execution of chain transfer only when the
transfer counter valueis 0.

T~

Source

address start address

A. . ) Destination
Register information
CHNE =1
DTC vector Register information [

Register information

CHNE =0
7 Source
LN .
L Destination
/—\/
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44 16-Bit Timer Pulse Unit (TPU)

The 16-bit timer pulse unit (TPU) that comprises six 16-bit timer channels. The TPU can provide
up to 16 kinds of pulse input/output.

The TPU can perform PWM output, pul se width measurement, and two-phase encoder processing,
and can activate the data transfer controller (DTC) and DMA Controller (DMAC). It can also
generate a programmabl e pulse generator (PPG) output trigger and A/D converter start trigger.

Features

e Maximum 16-pulse input/output
O A total of 16 timer general registers (TGRs) are provided (four each for channels 0 and 3,
and two each for channels 1, 2, 4, and 5), each of which can be set independently as an
output compare/input capture register
» Selection of 8 counter input clocks for each channel
O Internal clocks: g, @/4, 9/16, &/64, @/256, 2/1024, a/4096
O External clocks: TCLKA, TCLKB, TCLKC, TCLKD
» Thefollowing operations can be set for each channel:
Waveform output at compare match: Selection of 0, 1, or toggle output
Input capture function: Selection of rising edge, falling edge, or both edge detection
Counter clear operation: Counter clearing possible by compare match or input capture
Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register simultaneous input/output possible by counter synchronous operation
PWM mode: Any PWM output duty can be set
Maximum of 15-phase PWM output possible by combination with synchronous operation
» Buffer operation settable for channels 0 and 3
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible
» Phase counting mode settable independently for each of channels 1, 2, 4, and 5
O Two-phase encoder pulse up/down-count possible
» Cascaded connection operation

O Channel 2 (channel 5) input clock operates as 32-bit counter by setting channel 1 (channel
4) overflow/underflow

» Fast accessviainterna 16-bit bus
0 Fast accessis possible viaa 16-bit bus interface

OooOoooogoooao
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26 interrupt sources

O For channels 0 and 3, four compare match/input capture dual-function interrupts and one
overflow interrupt can be requested independently

O For channels 1, 2, 4, and 5, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently

Automatic transfer of register data

O Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC) or DMA controller (DMAC) activation

Programmable pulse generator (PPG) output trigger can be generated
O Channel 0to 3 compare match/input capture signals can be used as PPG output trigger
A/D converter conversion start trigger can be generated

O Channel 0to 5 compare match A/input capture A signals can be used as A/D converter
conversion start trigger

Module stop mode can be set

O Astheinitial setting, TPU operation is halted. Register access is enabled by exiting module
stop mode.
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Block Diagram of TPU

&z
® g o K
= = =l <|olola
K> % < 15|55 5|5 Interrupt request signals
5% z| &l i e e Channel 3: TGI3A
Input/output pins = g [= TGI3B
Channel 3: TIOCA3 TGI3C
TIOCB3 =l ] TGI3D
Tioccs o <2 s TCI3V
TIOCD3 2 NGNS el e Channel 4: TGI4A
. c K
Channel 4:  TIOCA4 ‘;’, Nl ol 8 ('._') 9 TGI4B
TIOCB4 T S 5 oWk TCl4v
Channel 5. TIOCA5 E FlElF TCl4U
TIOCBS © ——— Channel 5: TGI5A
< gl | TGI5B
= 0nK>
BLELEE slsls i
S K~ € 10| o|o
=] Sl (nD: 50 FlF| =
Clock input 3 O|RRIE
Internal clock: g/1
/4
/16
/64 IMRE] i
/256 = %Oﬁo g ~ > Internal data bus
<] i ©
il m— | = g
/4096 ol 2 |[u| | E ) _
X c = = I A/D conversion start request signal
External clock: TCLKA E| S e 3
\" 35| O <} @D . .
TCLKB L 8} : = =——> PPG output trigger signal
TCLKC — —
TCLKD x|
NS e
o |E = | <|m
LN € I Zz| x| x
N1 5 O|0l0
Sly|lx|lax Il e
O 0| Q| WK )
Input/output pins FlElF Interrupt request signals
Channel 0:  TIOCAO ——— Channel 0: TGIOA
TIOCBO o o TGIOB
TIoCcCo ~ 18| |2 o TGIoC
2 g|F Elz TGIOD
TIOCDO 5 LN ¢ K Z| x| x
N 5 O|olo TClov
Channel 1: ~ TIOCA1 3 clx|x|lx =l
TIOCB1 < O|CI.IE Channel 1: TGI1A
Channel 2:  TIOCA2 £ TGI1B
TIOCB2 5 TS TCiv
S o|&|E|gl- . TCI1U
= E = |l <| @l Ol Channel 2: TGI2A
= LN € Nz e|xlx|x TGI2B
) N1 § T o|aolo|lo|o
€ c|xlplx [ e e e TCI2V
IS O|O|o|lWKH
O = = TCI2U
Legend:
TSTR: Timer start register TIOR (H, L): Timer 1/O control register (H, L)
TSYR: Timer synchro register TIER: Timer interrupt enable register
TCR:  Timer control register TSR: Timer status register
TMDR: Timer mode register TGR (A, B, C, D): Timer general registers (A, B, C, D)
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Interrupt Sourcesand Data Transfer Controller (DTC) and DMA Controller (DMAC)

Activation

e Listof TPU Interrupts

Interrupt DMAC DTC
Channel Source Description Activation Activation Priority
0 TGIOA TGROA input capture/compare match Possible Possible High
TGIOB TGROB input capture/compare match Not possible Possible A
TGIOC TGROC input capture/compare match Not possible Possible
TGIOD TGROD input capture/compare match Not possible Possible
TCIoV TCNTO overflow Not possible Not possible
1 TGI1A TGR1A input capture/compare match Possible Possible
TGI1B TGR1B input capture/compare match Not possible Possible
TCl1V TCNT1 overflow Not possible Not possible
TCI1U TCNT1 underflow Not possible Not possible
2 TGI2A TGR2A input capture/compare match Possible Possible
TGI2B TGR2B input capture/compare match Not possible Possible
TCI2V TCNT2 overflow Not possible Not possible
TCI2U TCNT2 underflow Not possible Not possible
3 TGI3A TGR3A input capture/compare match Possible Possible
TGI3B TGR3B input capture/compare match Not possible Possible
TGI3C TGR3C input capture/compare match Not possible Possible
TGI3D TGR3D input capture/compare match Not possible Possible
TCI3V TCNT3 overflow Not possible Not possible
4 TGI4A TGRA4A input capture/compare match Possible Possible
TGl4B TGRA4B input capture/compare match Not possible Possible
TClav TCNT4 overflow Not possible Not possible
TCl4U TCNT4 underflow Not possible Not possible
5 TGI5A TGR5A input capture/compare match Possible Possible
TGI5B TGR5B input capture/compare match Not possible Possible
TCI5V TCNTS5 overflow Not possible Not possible
TCI5U TCNT5 underflow Not possible Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

HITACHI
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Operation

Each channel hasa TCNT and TGR register. TCNT performs up-counting, and is a so capable of
free-running operation, synchronous counting, and external event counting. Each TGR can be used
as an input capture register or output compare register.
» Buffer Operation

O When TGR is an output compare register

When a compare-match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

0 When TGRisan input capture register
When input capture occurs, the valuein TCNT istransfer to TGR and the value previously

held in TGR istransferred to the buffer register.
Waveform Output by Compare-Match
0, 1, or toggle output can be selected.

» Example of 0 Output/1 Output Operation

In thisexample, TCNT has been designated as a free-running counter, and settings have been
made so that 0 is output by compare-match A, and 1 is output by compare-match B.

Example of 0 Output/1 Output Operation

TCNT value

H'0000 1 | ‘ Time
! ! -Does not change ~Does not change

TIOCA } } } 1 output

TIOCB -Doesnotchange  .Does notchange ¢

« Example of Toggle Output

In this example, settings have been made so that TCNT counter clearing is performed by
compare-match B, and output is toggled by both by compare-match A and compare-match B.
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Example of Toggle Output Operation

TCNT value
Counter cleared by TGRB compare-match
H'FFFF

TGRB

TGRA
H'0000 ;

TIOCB : : : : Toggle output
TIOCA Toggle output

Time

PWM M odes

In PWM mode, PWM waveforms are output from the output pins. There are two PWM modes—
PWM mode 1 with a maximum of 8-phase pulse output, and PWM maode 2 with a maximum of
15-phase pulse output.

PWM Mode 1: PWM output is generated by pairing TGRA with TGRB and TGRC with TGRD.
In PWM mode 1, a maximum 8-phase PWM output is possible.

» Example of operation in PWM mode 1

In this example, TGRA compare-match is set asthe TCNT clearing source, 0 is set for the
TGRA initia output value and output value, and 1 is set as the TGRB output value. In this
case, thevalue set in TGRA isthe cycle, and the value set in TGRB isthe duty.

Operation in PWM Mode 1

TCNT value
Counter cleared by TGRA

/ compare-match
TGRA |-cooo A .

Time
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PWM Mode 2: PWM output is generated using one TGR register as the cycle register and the
others as duty registers. In PWM mode 2, a maximum 15-phase PWM output is possible by
combined use with synchronous operation.

» Example of operationin PWM mode 2
In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare-
match is set asthe TCNT clearing source, and O is set for theinitial output value and 1 for the
output value of the other TGR registers, to output a 5-phase PWM waveform. In this case, the
value set in TGR1B isthe cycle, and the value set in the other TGR registersis the duty.

Operation in PWM Mode 2

Counter cleared by TGR1B
/ compare-match

TCNT value

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

TIOCCO : : : :

TIOCDO "_i_\‘ "_i_\‘

TIOCA1 '_‘ '_‘
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Input Capture Operation

The TCNT vaue can be transferred to TGR on detection of the TIOC pin input edge.

Rising edge, falling edge, or both edges can be selected as the input edge.

Example of input capture operation

In this example, both rising and falling edges have been selected as the TIOCA pin input edge,
falling edge has been selected as the TIOCB pin input edge, and counter clearing by TGRB
input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value / input (falling edge)

HOLBO [ oo ON

HOL60 |-

H'00210 |-

H'0005 |-~ 2 o T \ 77777777777
H'0000 | \ ] ‘ 3 Time

TIOCA \

TGRA >< H'0005 >< H'0160 i
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Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT operates as an up/down-counter. There are four modes (phase counting modes 1 to 4) with
different setting conditions. These modes can be set for channels 1, 2, 4, and 5.

» Example of Operation in Phase Counting Mode 1

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4)

TCLKD (channels 2 and 4)

TCLKB (channels 1 and 5) —| i |
TCNT value

Time
* Up/Down-Count Conditions in Phase Counting Mode
TCLKA TCLKB .
(Channels 1 and 5) (Channels 1 and 5) Phase Counting Mode
TCLKC TCLKD
(Channels 2and 4) (Channels2and4) 1 2 3 4
High level 2y Up-count — — Up-count
Low level e
B Low level _
B2 High level Up-count Up-count
High level RS Down-count — Down-count Down-count
Low level Ry —
Ky High level —
RS Low level Down-count
Legend

_§ : Rising edge
7y : Falling edge
— . Don'tcare
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Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer
registers.

» Example of buffer operation (1) (When TGR is an output compare register)
In this example, PWM mode 1 has been designated for channel 0, and buffer operation has
been designated for TGRA and TGRC. The settings used are TCNT clearing by a compare-
match B, 1 output at compare-match A, and O output at compare-match B. When a compare-
match A occurs, the output is changed and the value in buffer register TGRC is simultaneously
transferred to timer general register TGRA.

Example of Buffer Operation (1) (When TGR isan Output Compare Register)

TCNT value

TGROB

TGROA >< 3 H'0200

TIOCA _—\—,—\ ’—L
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» Example of buffer operation (2) (When TGR is an input capture register)
In this example, TGRA has been designated as an input capture register, and buffer operation
has been designated for TGRA and TGRC. Counter clearing by TGRA input capture has been
set for TCNT, and detection of both rising and falling edges has been selected for the TIOCA
pin. When the TCNT valueis stored in TGRA upon occurrence of input capture A, the value
previously stored in TGRA is simultaneously transferred to TGRC.

Example of Buffer Operation (2) (When TGR isan Output Compare Register)

TCNT value

HIOF Q7 |- - oo oo

HOQFB | - - - oo S

0} 7 S

H'0000 Time

H'0532 H'OF07

S >

H'0532 >< H'OF07
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Cascading

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter. Channels 1 and 2, and channels 4 and 5, can be cascaded.

» Example of cascaded operation
In this example, counting upon TCNT2 overflow/underflow has been set for TCNT1, TGR1A
and TGR2A have been designated as input capture registers, and TIOC pin rising edge
detection has been selected. When arising edge isinput to the TIOCA1 and TIOCA2 pins
simultaneously, the upper 16 bits of the 32-bit data are transferred to TGR1A, and the lower 16
bitsto TGR2A.

Example of Cascaded Operation (32-bit Input Capture Operation)

TCNT1 ,_l
clock

TCNTI  HO3AL X H'03A2

TCNT2 ,_l ,_l
clock

TCNT2  HFFFF X H'0000 X H'0001

TIOCAL,
TIOCA2 | I—

TGRIA X H'03A2

TGR2A X H'0000

Synchronous Oper ation

When synchronous operation is designated for a channel, TCNT for that channel performs
synchronous presetting and clearing. That is, when TCNT for a channel designated for
synchronous operation is rewritten, the TCNT counters for the other channels are also rewritten at
the same time. When any clearing condition occurs, the TCNT counters for the other channels are
also cleared simultaneously.
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4.5 Programmable Pulse Generator (PPG)

The programmable pul se generator (PPG) can handle up to 16 outputs simultaneously, using a
signal from the 16-bit timer-pulse unit (TPU) asitsinput.

Features

« 16-hit output data
O Maximum 8-bit data can be output, and pulse output can be enabled on a bit-by-bit basis
» Four output groups

O Output trigger signals can be selected in 4-bit groups to provide a maximum of two 4-bit
outputs

» Selectable output trigger signals

O Output trigger signals can be selected for each group from the compare match signal s of
four TPU channels

» Non-overlap operation
O A non-overlap interval can be set between pul se outputs
» Can operate together with the data transfer controller (DTC) and DMA controller (DMAC)

0 The compare match signals selected as output trigger signals can activate the DTC or
DMAC for sequentia output of datawithout CPU intervention

e Settable inverted output
O Inverted data can be output for each group
* Module stop mode can be set

O Astheinitia setting, PPG operation is halted. Register access is enabled by exiting module
stop mode
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Block Diagram of PPG

PO15 ~=—j
PO14 -— Pulse output
PO13 =—1 pins, group 3
PO12 =—j

Compare match signals

Ly

NDERH

NDERL

Control logic

PMR

PCR

POLy =t PODRH

PO10 --— Pulse output
PO9 -1 pins, group 2
PO8 —=—
PO7 —=—
PO6 -=— Pulse output
PO5 = pins, group 1
PO4 —=—j
PO3 —=—
PO2 -=— Pulse output
POl = pins, group O
PO0 —=—

Legend:
PMR:
PCR:

NDERH:

NDERL:
NDRH:
NDRL:

PODRH:
PODRL:

--------------- PODRL

PPG output mode register
PPG output control register
Next data enable register H
Next data enable register L
Next data register H

Next data register L

Output data register H
Output data register L

Internal
data bus

HITACHI
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Example of Four-Phase Complementary Non-Overlapping Output
In this example, pulse output is used for four-phase complementary non-overlapping pulse output.

When a TGRB compare-match occurs, outputs change from 1 to 0. When a TGRA compare-match
ocurs, outputs change from 0 to 1. Set the non-overlap margin in the TPU TGRA for which the
output trigger is selected, and set the cyclein TGRB.

If the DTC or DMAC is set for activation by a TGIA interrupt, pulse output can be performed
without imposing aload on the CPU.

TCNT value
LECT - I e S e S i T D it

; » Time

PODRH ‘00><95>.<65>.<59>.<56>.<95>.<65><:><

-~ Non- overlap margin '

P°153|—|333333|—|333
S I I I e o —
s 1 T
o [ L]
o0 L
T o —
oS U U S U S e AN NS O O

Non-Overlapping Pulse Output Example (Four-Phase Complementary Non-Overlapping
Output)
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46  8Bit Timer (TMR)

These series includes an 8-hit timer with two channels based on an 8-bit counter. The 8-hit timer
can be used for avariety of applications as a multifunctional timer, including pul se output with an
arbitrary duty cycle.

Features

» Selection of four input clock sources

O Theclock source can be selected from threeinternal clocks (2/8, 2/64, or 9/8192) or an
external clock (external event counting is possible).

e Counter clearing specification
O The counters can be cleared on compare-match A or B, or by an external reset signal.
e Timer output controlled by combination of two compare-match signals

0 The combination of two independent compare-match signals provides for various
applications, including pulse output or PWM output with any duty cycle.

» Provision for cascading of two channels

0 Operation as a 16-bit timer is possible, using channel 0 for the upper 8 bits and channel 1
for the lower 8 bits (16-bit count mode).

0 Channel 1 can be used to count channel 0 compare matches (compare match count mode).
e Threeinterrupt sources for each channel
O There are two compare-match sources and one overflow source, capable of independent
requests.
e A/D converter conversion start trigger can be generated

O Channel 0 compare-match A signal can be used as an A/D converter conversion start
trigger.

* Module stop mode can be set

O Astheinitial setting, 8-bit timer operation is halted. Register accessis enabled by exiting
modul e stop mode.
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Block Diagram

External clocks

Internal clocks

TMCIO 2/8
TMCI1 /64
/8192
Clock 1
Clock 0
Clock select
™~ TCORAO TCORAL
Compare-match A1 | K) K)
Compare-match AO | Comparator AO Comparator AL
TMOQ ~— Overflow 1 ] (W (W »
TMRIO ——»] Overflow 0 | Ttonto | ottt K
Clear 0
/ Clear 1 / ‘ ‘
Compare-match B1
Control logic Compare-match BO !Comparator BO I:' Comparator Bl|
TMO1 ~—
TMRI1 —— (ﬁ (ﬁ
| TCORBO TCORBL K
A/D conversion
start request signal >| TCSRO 'i' TCSR1 |<
T
| Tcro | Tert K

L> CMIAO

— CMIBO

— 0VI0

——————— = CMIA1

E——— 017 | [= X}

ovii
Interrupt signals

Internal bus
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Interrupt Source and Data Transfer Controller (DTC) Activation

Channel Interrupt Source Description DTC Activation Priority*
0 CMIAO Interrupt by CMFA Possible High
CMIBO Interrupt by CMFB Possible
ovio Interrupt by OVF Not possible
1 CMIAL Interrupt by CMFA Possible
CMIB1 Interrupt by CMFB Possible
ovii Interrupt by OVF Not possible Low

Note: * This table shows the initial state immediately after a reset. The relative channel priorities

can be changed by the interrupt controller.

Example of Pulse Output

TCRisused to set counter clearing by a TCORA compare-match. The cycleis set in TCORA, and
the duty in TCORB. The pulses shown below can be output continuously without software
intervention.

TMO

Example of Pulse Output

HITACHI
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4.7 Watchdog Timer (WDT)

These series have a single-channel on-chip watchdog timer (WDT) for monitoring system
operation.
When this watchdog function is not needed, the WDT can be used as an interval timer.

Features

« Switchable between watchdog timer mode and interval timer mode
*  WDTOVF output when in watchdog timer mode*

O If the counter overflows, the WDT outputsthe WDTOVF signal externally. It is possible to
select whether or not the entire seriesisreset at the same time.

Note: * The WDTOVF pin function is not available in the H8S/2328 F-ZTAT™ version.

e Interrupt generation when in interval timer mode

O If the counter overflows, the WDT generates an interval timer interrupt.
» Choice of eight counter input clocks

O @2, 264, 9128, 9/512, 212048, 28192, 9/32768, 2/131072
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Block Diagram of WDT

3 Overflow a2 1
WOVIO | Interruplt la—— /64 :
(interrupt request control = ~——02/128 !
signal) | Clock |«——g/512 |
3 Clock select |« /2048 !
: /8192 !
e AT ! l——3/32768 |
WDTOVF*! =—— e ‘
; Reset - 2/131072
Internal reset signal’? =—— control Internal clocks |
| * |
i | g
} | RSTCSR | | TCNT |<—>| TSCR | |2
: g
1 R
: Bus L=
i Module bus interface D
e 1 i
Legend:
TCSR: Timer control/status register
TCNT: Timer counter
RSTCSR: Reset control/status register
Notes: 1. The WDTOVF pin function is not available in the H8S/2328 F-ZTAT™ version.
2. The type of internal reset signal depends on a register setting.
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Watchdog Timer Operation

The example below shows this timer used as a watchdog timer. The timer counter (TCNT) starts
counting up using the specified clock.

Watchdog Timer Operation

TCNT count
Overflow

H'00 i’ - - Time
} N ! R
WT/T=1  H'00 written WOVF=1 | WT/T=1 H'00 written
TME=1 to TCNT WDTOVF and ' TME=1  to TCNT

internal reset are !
generated‘ !
WDTOVF signal i
[~ 3

Internal reset signal*!

518 states

Legend:
WT/IT: Timer mode select bit
TME: Timer enable bit

Notes: 1. The internal reset signal is generated only if the RSTE bit is set to 1.
2. 130 states when the RSTE bit is cleared to 0.
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Interval Timer Operation

An example of the use of the WDT as an interval timer is shown here. The timer counter (TCNT)
starts counting up on the specified clock, and an interval timer interrupt (WOVI) occurs each time
TCNT overflows. This function can be used to generate interrupt requests at regular intervals.

TCNT count

A
HEE Overflow Overflow Overflow Overflow

H'00 = Time
f ' ' ' '
WT/T =0 WOoVI WovI woviI WoVI
TME=1
Legend:
WOVI: Interval timer interrupt request generation
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4.8 Serial Communication Interface (SCI)

These series have a serial communication interface (SCI) with three independent channels. Al
three channels have the same functions, and can handle both asynchronous and clocked
synchronous serial communication. A function is also provided for serial communication between
processors (multiprocessor communication function).

Features

« Choice of asynchronous or clocked synchronous serial communication mode
* Full-duplex communication capability

» Dataregister double-buffering enables continuous transmission/reception

» On-chip dedicated baud rate generator allows any bit rate to be selected

» Selection of on-chip baud rate generator or external clock input (SCK pin) as serial clock
source

» Detection of threereceive errors

O Overrun errors, framing errors, and parity errors can be detected
* Break detection
» Four interrupt sources

O Four interrupt sources—transmit data empty, transmission end, receive data full, and
receive error—that can issue requests independently

O The transmit data empty interrupt and receive data full interrupt can activate the DMA
controller (DMAC) or datatransfer controller (DTC) to execute data transfer

 Built-in multiprocessor communication function
e Selection of LSB-first or MSB-first transfer

O Thischoice can be made regardless of the communication mode (with the exception of 7-
bit data transfer in asynchronous mode)

* Module stop mode can be set

O Astheinitia setting, SCI operation is halted. Register accessis enabled by exiting module
stop mode.
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Block Diagram (One Channel)

[©]
Q
S
Module data bus S Internal
=] data bus
=}
m
RODR | | _TOR SCMR BRR |
g U SR -0
ROl RsR | [] TSR SCR Baudrate |=— /4
1 SMR generator | g/16
Transmission/
TXD reception control ~—2/64
Parity generation | 4 { Clock )
Parity check Ext | clock
xternal cloc
SCK =
L » 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
125

HITACHI




SCI Interrupt Sources

Interrupt DTC DMAC
Channel Source Description Activation  Activation  Priority*
0 ERI Interrupt due to receive error Not Not High
(ORER, FER, or PER) possible possible A
RXI Interrupt due to receive data full Possible Possible
(RDRF)
TXI Interrupt due to transmit data empty  Possible Possible
(TDRE)
TEI Interrupt due to transmission end Not Not
(TEND) possible possible
1 ERI Interrupt due to receive error Not Not
(ORER, FER, or PER) possible possible
RXI Interrupt due to receive data full Possible Possible
(RDRF)
TXI Interrupt due to transmit data empty  Possible Possible
(TDRE)
TEI Interrupt due to transmission end Not Not
(TEND) possible possible
2 ERI Interrupt due to receive error Not Not
(ORER, FER, or PER) possible possible
RXI Interrupt due to receive data full Possible Not
(RDRF) possible
TXI Interrupt due to transmit data empty  Possible Not
(TDRE) possible
TEI Interrupt due to transmission end Not TBD
(TEND) possible Low

Note: * This table shows the initial state immediately after a reset. Relative priorities among
channels can be changed by means of the interrupt controller.
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SCI Asynchronous Communication

Asynchronous mode is a serial communication mode in which synchronization is achieved on a
character by character basis, using a start bit and one or two stop bits.

*  Twelve serial datatransfer formats
O Datalength: 7 or 8 bits
O Stop bit length: 1 or 2 bits
O Parity: Even/odd/none
O Multiprocessor bit: 1 or 0
» Selection of on-chip baud rate generator or external clock from SCK pin as clock source
» Transmit/receive clock can be output from SCK pin
» Break detection
O A break can be detected by reading the RxD pin level directly in case of aframing error
e Multiprocessor communication capability
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Serial Transfer Formats and Frame Lengthsin Asynchronous Mode

SMR Settings Serial Transmit/Receive Format and Frame Length
CHR PE MP stop | 1|2 3|4|5|6|7 8|9 101112
o 0o o0 0 s | 8-bit data |sTop
o o o 1 | s | 8-bit data |sTop|sTOP
0 1 0 0 ‘ S ‘ 8-bit data ‘ P ‘STOP
o 1 o 1 s | 8-bit data | P |stop|sTop
1 0 0 0 ‘ S ’ 7-bit data ‘STOP
1 0 0 1 ‘ S ‘ 7-bit data ‘STOP‘STOP
1 1 o0 o0 s | 7-bit data | P [stop
1 1 0 1 ‘ S ’ 7-bit data ‘ P ‘STOP’STOP
0 — 1 0 ‘ S ‘ 8-bit data ‘MPB‘STOP
0 — 1 1 ‘ S ’ 8-bit data ‘MPB‘STOP‘STOP
1 — 1 0 ‘ S ’ 7-bit data ‘MPB‘STOP
1 — 1 1 ‘ S ‘ 7-bit data ‘MPB‘STOP‘STOP
Legend:
S: Start bit

STOP: Stop bit

P:

Parity bit

MPB: Multiprocessor bit
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Multiprocessor Communication Function

A multiprocessor format, in which a multiprocessor bit is added to the transfer data, can be used
for serial communication, enabling data transfer to be performed among a number of processors.

The transmitting station first sendsthe ID of the receiving station with which it wants to perform
serial communication as datawith a“1” MPB (multiprocessor bit) added. It then sends transmit
data as datawith a“0” MPB added.

Recelving stations skip data until datawith a“1” MPB is received. Each receiving station then
compares that data with its own ID. The station whose ID matches then continues with reception,
and accepts data. Stations whose 1D does not match continue to skip the data until datawith a“1”
MPB is sent again.

SCI Synchronous Communication

In synchronous mode, data is transmitted or received in synchronization with clock pulses, making
it suitable for continuous, high-speed serial communication.

» Datalength: 8 bits per character

« Overrun error detection

» Selection of on-chip baud rate generator or external clock from SCK pin as transmit/receive
clock source

» Selection of LSB-first or MSB-first transfer

e Communication is possible with chips provided with a synchronous mode, such as the H8
Series, HD64180, and HD6301
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Example of Inter-Processor Communication Using M ultiprocessor Format
(Transmission of Data H'AA to Receiving Station A)

Transmitting
station

Y Serial transmission line

! 1 1 !

Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID = 03) (ID =04)
Serial
data | | | nHor | | | wan |
} (MPB = 1) (MPB = 0) -
ID transmission cycle =  Data transmission cycle =
receiving station Data transmission to
specification receiving station specified
by ID

Legend:
MPB: Multiprocessor bit

Data Format in Synchronous Communication

One unit of communication data (character or frame)

Serial
clock ‘

| LsB ‘

Y

MSB |

Serial ) ><Bit0><Bit1><Bit2><Bit3><Bit4><Bit5><Bit6><Bit7><A
\ o

data

Don't care Don't care

Note: * High except in continuous transfer
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BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

Operating Frequency g (MHz)

Bit Rate 7=2 g=4 =8 2=10 2 =16 2 =20 g=25
(bit/s) n N n N n N n N n N n N n N
110 3 70 —_ —

250 2 124 2 249 3 124 — — 3 249

500 1 249 2 124 2 249 — — 3 124 — —

1k 1 124 1 249 2 124 — — 2 249 — — 3 97
25k 0 199 1 99 1 199 1 249 2 99 2 124 2 155
5k 0 99 0 199 1 99 1 124 1 199 1 249 2 77
10k 0 49 0 99 0 199 O 249 1 99 1 124 1 155
25k 0 19 0 39 0 79 0 99 0 159 0 199 0 249
50 k 0 0 19 0 39 0 49 0 79 0 99 0 124
100 k 0 0 9 0 19 0 24 0 39 0 49 0 62
250 k 0 0o 3 0 0 0 15 0 19 0 24
500 k 0o o 0 1 0o 3 0 o 7 0 - —
1M 0 0* 0 1 0 3 0 4 — -
25M 0o o 0 - —
5M 0o o - —

Note: As far as possible, the setting should be made so that the error is no more than 1%.

Legend:
Blank: Cannot be set.
—: Can be set, but there will be a degree of error.
*: Continuous transfer is not possible.

HITACHI
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The BRR setting is found from the following formulas.

Asynchronous mode;

N=—  ?  «106-1
64 x22n-1 x B

Clocked synchronous mode:

- 4 6
N=—FFF——x10°-1
8x22n—1xB

Where B: Bit rate (bit/s)
: BRR setting for baud rate generator (0 < N < 255)
Operating frequency (MHz)
Baud rate generator input clock (n =010 3)
(See the table below for the relation between n and the clock.)

28 Z

Clock
o}

al4
/16
/64

W N |, | O|>S
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49 Smart Card Interface

The SCI supports a smart card interface as an | C card interface serial communication function
conforming to | SO/IEC7816-3 (ldentification Card).

Features

* Asynchronous mode
Data length: 8 bits
Parity bit generation and checking
Transmission of error signal (parity error) in receive mode
Error signal detection and automatic data retransmission in transmit mode
O Direct convention and inverse convention both supported
» Internal baud rate generator allows any bit rate to be selected
» Threeinterrupt sources
O Threeinterrupt sources—transmit data empty, receive data full, and transmit/receive
error—that can issue requests independently
O The transmit data empty interrupt and receive data full interrupt can activate the DMA
controller (DMAC) or datatransfer controller (DTC) to execute data transfer

g
ad
g
ad
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Block Diagram

[0
(8]
(]
Module data bus g > Ln;arnbe:jls
c
>
o
RDR | TDR SCMR BRR -
il S = -
rRO=[ [ RsR | [] TSR SCR Baudrate  |=—0/4
I SMR generator «  0/16
Transmission/ /64
YD = reception control -2
| Parity generation| 4 b clock |
Parity check
SCK =
= TXI
= RXI
> ERI
Legend:

SCMR: Smart card mode register

RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR: Transmit data register

SMR:
SCR:
SSR:
BRR:

Serial mode register

Serial control register
Serial status register
Bit rate register

Operation

* Overview

O Only asynchronous communication is supported, with one frame consisting of 8-bit data

plus and a parity hit.

O Intransmission, aguard time of at least 2 etu (Elementary Time Unit: the time for transfer
of one bit) isleft between the end of the parity bit and the start of the next frame.

O If aparity error is detected during reception, alow error signal level isoutput for al etu
period 10.5 etu after the start bit (except in block transfer mode).

O If the error signal is sampled during transmission, the same data is transmitted
automatically after the elapse of 2 etu or longer (except in block transfer mode).
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Schematic Diagram of Smart Card I nterface Pin Connections

Vce
TxD
. 1/0
RxD Data line
SCK ; CLK
Clock line
Px (port) ) RST
Reset line IC card
Connected equipment
Smart Card I nterface Data Format
When there is no parity error
Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp
Transmitting station output
When a parity error occurs
Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE
Transmitting station output
Receiving
Legend: . station output
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

HITACHI
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410 A/D Converter

These series incorporate an on-chip A/D converter with 10-bit precision. Analog signals can be
input on up to 12 channels in the H8S/2338 Series and up to eight channels in the H8S/2328
Series.

Features

* 10-bit resolution
e Input channels
0 12inthe H8S/2338 Series
O Eightin the H8S/2328 Series
» Settable analog conversion voltage range

O Conversion of analog input from 0 V to V¢ with the reference voltage pin (Vref) asthe
analog reference voltage

» High-speed conversion
0 Minimum conversion time: 6.7 us per channel (at 20 MHz operation)
» Selection of single mode or scan mode
O Single mode: A/D conversion of one channel
0 Scan mode: continuous A/D conversion on one to four channels
» Threekinds of conversion start
0 Selection of software or timer conversion start trigger (TPU or 8-bit timer), or ADTRG pin
» Four dataregisters
O Conversion results held in adata register for each channel
» Sample and hold function
e A/D conversion end interrupt generation
O A/D conversion end interrupt (ADI) request can be generated at the end of A/D conversion
e Module stop mode can be set

O Astheinitia setting, A/D converter operation is halted. Register accessis enabled by
exiting module stop mode.
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Block Diagram

Module data bus

On-chip
data bus

101

1 0

0

AVCC .|

Vref o 10-bitD/A K|

Successive-
approximations register
ADDRA
ADDRB
ADDRC

AVSS ___,]

ADDRD
ADCSR

Bus interface

ADCR

|

ANO —
AN1 — +

AN2 —=| I .
AN3 — : ,
2“4 7 Multi- | ¢ I Comparator

— - ' 1

ANg .| plexer | '
AN7 —»] Sample-and-

AN12* —— hold circuit

AN13* —

AN14* —

AN15* —|

Control circuit

ADTRG

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

Note: * Supported in the H8S/2338 Series only.

\—> ADI interrupt

signal

—— Conversion start triggered

by TPU or 8-bit timer
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Input Channel Setting

The analog input is performed by means of the scan mode bit (SCAN) and channel select bits
(CH3to CHO) in ADCSR.

Description

CH3* CH2 CH1 CHO Single Mode (SCAN = 0) Scan Mode (SCAN = 1)

0 0 0 0 lllegal setting lllegal setting
1 lllegal setting lllegal setting
1 0 lllegal setting lllegal setting
1 lllegal setting lllegal setting
1 0 0 AN12 AN12
1 AN13 AN12, AN13
1 0 AN14 AN12 to AN14
1 AN15 AN12 to AN15
1 0 0 0 ANO (initial value) ANO
1 AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 AN3 ANO to AN3
1 0 0 AN4 AN4
1 ANS AN4, AN5
1 0 ANG6 AN4 to AN6
1 AN7 AN4 to AN7
Note: * For the H8S/2328 Series, 1 should be written to CH3 as there are only eight analog input
channels.
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Operation

The successive comparison method is used for A/D conversion, with a 10-bit resolution. There are
two operating modes—single or scan.

Single Mode

Single mode is selected when A/D conversion is to be performed on a single channel only.
A/D conversion is started when the ADST bit is set to 1, according to the specified A/D
conversion start condition.

On completion of conversion, the ADF flag is set to 1. If the ADIE bit isset to 1 at thistime,
an ADI interrupt request is generated.

Scan Mode

Scan mode is selected when A/D conversion isto be performed repeatedly on a number of
channels.

Oncethe ADST hit is set to 1 according to the specified A/D conversion start condition, A/D
conversion is performed repeatedly on the selected channel until the ADST bit is cleared to O
by software.

An ADI interrupt request can be generated on completion of the first conversion operation for
all the selected input channels.
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411 D/A Converter

These series have an on-chip D/A converter with 8-bit-precision. Analog signals can be output on
up to four channelsin the H8S/2338 Series and up to two channels in the H8S/2328 Series.

Features

» Eight-bit resolution
* Output channels
O Four in the H8S/2338 Series
O Twointhe H8S/2328 Series
e Maximum conversion time of 10 ps (with 20 pF load capacitance)
e Output voltage of O V to V ¢f
* DJ/A output hold function in software standby mode
* Module stop mode can be set

O Astheinitia setting, D/A converter operation is halted. Register accessis enabled by
exiting module stop mode.

Operation

D/A converter operation is enabled by setting the D/A output enable bit to 1. While this bit is set
to 1, DADR contents are constantly converted and output to the corresponding pin.

The output valueis:

DADR contents

xV
256 ref
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Block Diagram

Module data bus Internal data bus

>

Bus interface

Vref —

AVCC —

DAL (3) «— |  8-bitDI/A

DADRO (2)
DADRL (3)
DACRO1 (23)

DAO (2) =

AVSS —

Control circuit

Legend:

DACRO1 (23): D/A control register 01 (23)
DADRO (2):  D/A data register 0 (2)
DADRL1 (3): DI/A data register 1 (3)

Note: DA3, DA2, DACR23, DADR2, and DADR3 are valid only in the H8S/2338 Series.
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412 1/O Ports

The H85/2338 Series has 15 input/output ports (ports 1, 2, 3, 5, (P50-P53), 6, 7, 8,9, A, B, C, D,
E, F, and G) and two input ports (ports 4 and 5 (P54-P57).

The H85/2328 Series has 12 input/output ports (ports 1, 2, 3,5, 6, A, B, C, D, E, F, and G) and
one input port (port 4).

Each port includes a data direction register (DDR) that controls input/output, a data register (DR)
that stores output, and a port register (PORT) used to read the pin states.

Ports A to E incorporate aMOS input pull-up, and in addition to DDR and DR, have aMOS input
pull-up control register (PCR) that turns the MOS input pull-up on or off.
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H8S/2338 Series Port functionsin Each Operating M ode

Port |Description

Pins

Mode 4 ‘ Mode 5 ‘ Mode 6 ‘ Mode 7

Port 1 |« 8-bit I/O
port

* Schmitt-
triggered
input

P17/PO15/TIOCB2/TCLKD
P16/PO14/TIOCA2
P15/PO13/TIOCB1/TCLKC
P14/PO12/TIOCA1
P13/PO11/TIOCDO/TCLKB
P12/PO10/TIOCCO/TCLKA

8-bit I/0 port also functioning as TPU 1/O pins (TCLKA,
TCLKB, TCLKC, TCLKD, TIOCAO, TIOCBO, TIOCCO,
TIOCDO, TIOCA1, TIOCB1, TIOCA2, TIOCB2) and PPG
output pins (PO15 to PO8)

P11/PO9/TIOCBO
P10/PO8/TIOCAOQ
Port 2 | 8-bit /10 P27/PO7/TIOCB5 8-bit 1/0 port also functioning as TPU 1/O pins (TIOCA3,
. ; TIOCBS), and PPG output pins (PO7 to POO
Schmitt- | p25/PO5/TIOCB4 ) put pins ( )
tiggered | 4 po4TIOCA4
input 04/TIoC
P23/PO3/TIOCD3
P22/PO2/TIOCC3
P21/PO1/TIOCB3
P20/POO0/TIOCA3
Port 3 | 6-bit I/O P35/SCK1 6-bit I/0 port also functioning as SCI (channels 0 and 1) I/O
port P34/SCKO pins (TxDO, RxDO, SCKO, TxD1, RxD1, SCK1)
* Open-drain | p33/RxD1
output /
capability P32/RxDO
P31/TxD1
P30/TxD0O
Port 4 |« 8-bitinput |P47/AN7/DA1 8-bit input port also functioning as A/D converter analog
port P46/ANG/DAO inputs (AN7 to ANO) and D/A converter analog outputs (DAL
and DAO)
P45/AN5
P44/AN4
P43/AN3
P42/AN2
P41/AN1
P40/ANO
Port 5 |« 4-bit input |P57/AN15/DA3 4-bit input port also functioning as A/D converter analog
port P56/AN14/DA2 inputs (AN15 to AN12) and D/A converter analog outputs
(DA3 and DA2)
P55/AN13
P54/AN12
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Port |Description Pins Mode 4 ‘ Mode 5 Mode 6 Mode 7
Port 5 | 4-bit I/O P53 /ADTRG/IRQ7/WAIT/ |1/O port also functioning as A/D converter 1/0 port also
port BREQO input pin (ADTRG), as interrupt input pin functioning as
« Schmitt- (IRQ7) when IRQPAS = 1, as WAIT input A/D converter
triggered when WAITPS =1, and as BREQO output  |input pin
input (IRQ when BREQOPS =1 (ADTRG),
input only) and as inter—
rupt input pin
(IRQ7) when
IRQPAS =1

P52/SCK2/IRQ6
P51/RxD2/IRQ5
P50/TxD2/IRQ4

when IRQPAS =1

1/0 ports also functioning as SCI (channel 2) 1/O pins (TxD2,
RxD2, SCK2), and as interrupt input pins (IRQ4 to IRQ6)

Port 6 | 8-bit I/O P67/CS7 8-bit I/O port also functioning as bus control |8-bit I/O port
port P66/CS6 output pins (CS4 to CS7), and interrupt input | also function-
« Schmitt- pe5/IRQT pins (IRQO and IRQ1) ing as inter-.
triggered I When CS167E = 0: P67 and P66 1/O ports  |TUPt input pins
input P64/IRQO — (IRQO and
p When CS167E =1 and DDR = 1: CS6and  |{gaT
(P6, to P6,) | P63 CS7 outputs )
P62 When CS167E = 1 and DDR = 0: P67 and
P61/CS5 P66 input ports
P60/CS4 When CS25E = 0: P61 and P60 I/O ports
When CS25E = 1 and DDR = 1: CS4 and
CS5 outputs
When CS25E = 1 and DDR = 0: P61 and
P60 input ports
Port 7 | 6-bitinput |P75/TMO1 6-bit I/O port also functioning as 8-bit timer (TMRIO, TMCIO,
port P74/TMOO TMOO, TMRI1, TMCI1, TMO1)
* Schmitt- —p73/TMCI1
triggered /
input P72/TMCIO
P71/TMRI1
P70/TMRIO
Port 8 |« 7-bitinput |P86/WAIT 7-bit /0 port also functioning as DMA controller I/O pins
port P85/DACKT (DREQO, DREQ1, TENDO, TEND1, DACKO, DACK1), and
R as WAIT output when WAIT5S =0
P84/DACKO
P83/TEND1
P82/TENDO
P81/DREQ1
P80/DREQO
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Port |Description Pins Mode 4 ‘ Mode 5 Mode 6 ‘ Mode 7
Port 9 | 6-bitinput |P97/IRQ7 6-bit I/O port also functioning as interrupt input pins (IRQ7
port P96/IRQ6 to IRQ2)
. ts_Chmitt'd P95/IRQ5
riggere ___
input P94/IRQ4
P93/IRQ3
P92/IRQ2
Port A | 8-hit I/O PA7/A23 When DDR = 0 (after reset): |When DDR = |I/O ports
port PAG/A22 input port 0 (after reset):
+ Built-in PAS/A21 When DDR = 1 and A23E to |INPUtport
MOS input A21E = 1: address output When DDR =
pull-up When DDR = 1 and A23E to |1 and A23E to
* Open-drain A21E = 0: DR value output A20E = 1.
output address
capability output
« Schmitt- PA4/A20 Dual function as address When DDR =
triggered output and, when DDR=1 |1and A23E to
input and A20E = 0, as DR value |A20E =0: DR
(PA,to PA,) output value output
PA3/A19 to PAO/AL6 Address output When DDR = |1/O ports
0 (after reset):
input ports
When DDR =
1: address
output
Port B |« 8-bit /O PB7/A15 to PBO/A8 Address output When DDR = |1/O port
port 0 (after reset):
 Built-in input port
MOS input When DDR =
pull-up 1: address
output
Port C |« 8-bit /O PC7/A7 to PCO/AQ Address output When DDR = |1/O port
port 0 (after reset):
« Built-in input port
MOS input When DDR =
pull-up 1: address
output
Port D | 8-bit /O PD7/D15 to PD0/D8 Data bus input/output 1/0 port
port
* Built-in
MOS input
pull-up
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Port |Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port E | 8-bit /O PE7/D7 to PEO/DO In 8-bit bus mode: 1/0O port 1/0 port
port In 16-bit bus mode: data bus input/output
* Built-in
MOS input
pull-up
Port F | 8-bit I/O PF7/o When DDR = 0: input port When DDR =
port When DDR = 1 (after reset): @ output 0 (after reset):
input port
When DDR =
1: g output
PF6/AS When ASOD = 1: /O port 1/0 port
When ASOD = 0: AS output
PF5/RD RD, HWR output
PF4/HWR
PF3/LWR When LWROD = 1: I/O port
When LWROD = 0: LWR output
PF2/LCAS/BREQO When BREQOE = 0 (after reset): I/O port
When BREQOE = 1 and BREQOPS = 0:
BREQO input
When RMTS2 to RMTS0= B'001 to B'011:
LCAS output
PF1/BACK When BRLE = 0 (after reset): I/O port
PFO/BREQ When BRLE = 1: BREQ input, BACK output
Port G|+ 5-bit /O PG4/CS0 When DDR = 0*!: input port 1/0 port
port When DDR = 1*2: CSO0 output
PG3/CS1 When DDR = 0 (after reset): input port
PG2/CS2 When CS167E = 0: PG3 is I/O port
PG1/CS3 When CS167E =1 and DDR = 1: CS1
output
When CS167E =1 and DDR = 0: PG3 input
port
When CS25E = 0: PG2 and PG1 are I/0
ports
When CS25E = 1 and DDR = 1: CS2 and
CS3 outputs
When CS25E =1 and DDR = 0: PG2 and
PG1 input ports
PGO/CAS DRAM space set: CAS output

Otherwise (after reset): 1/0 port

Notes: 1. After a reset in mode 6

2. After aresetin mode 4 or 5
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H8S/2328 Series Port functionsin Each Operating M ode

Port |Description Pins Mode 4 ‘ Mode 5 ‘ Mode 6 ‘ Mode 7
Port 1 |« 8-bit I/O P17/PO15/TIOCB2/TCLKD |8-bit I/0 port also functioning as DMA controller output pins

« Schmitt- 1pO13TI0CBLTCLKC | TCEKC: TCLKD, TIOCAO, TIOCBO, TIOCCO, TIOCDO,
wiggered | ORMIOCBUTCLKC i0cA1, TIOCB1, TIOCAZ, TIOCB2) and PPG output pins
input P14/PO12/TIOCAL (PO15 to PO8)

P13/PO11/TIOCDO/TCLKB
P12/PO10/TIOCCO/TCLKA
P11/PO9/TIOCBO/DACK1
P10/PO8/TIOCAO/DACKO
Port 2 | 8-bit /10 P27/PO7/TIOCB5/TMO1 |8-bit I/O port also functioning as TPU 1/O pins (TIOCA3,

« Schmit- P25/POS/TIOCBA/TMCI1 TIOCB5), 8-bit timer (channels 0 and 1) I/O pins (TMRIO,
riggered S/IPOSITIOCBA/TMCIL | 110, TMOO, TMRIZ, TMCIL, TMO1) and PPG output pins
input P24/PO4/TIOCA4/TMRIL | (PO7 to POO)

P23/PO3/TIOCD3/TMCIO
P22/PO2/TIOCC3/TMRIO
P21/PO1/TIOCB3
P20/POO0/TIOCA3
Port 3 | 6-bit I/O P35/SCK1 6-bit I/0 port also functioning as SCI (channels 0 and 1) I/O
port P34/SCKO pins (TxDO, RxDO, SCKO, TxD1, RxD1, SCK1)

* Open-drain |p33/RyD1
output /
capability P32/RxDO

P31/TxD1
P30/TxD0O
Port 4 |« 8-bitinput |P47/AN7/DA1 8-bit input port also functioning as A/D converter analog
port P46/ANG/DAO inputs (AN7 to ANO) and D/A converter analog outputs (DAL
and DAO)
P45/ANS
P44/AN4
P43/AN3
P42/AN2
P41/AN1
P40/ANO
Port 5 |« 4-bit I/O P53/ADTRG/IRQ7/WAIT/ |1/O port also functioning as A/D converter 1/0O port also
port BREQO input pin (ADTRG), as interrupt input pin functioning as

« Schmitt- (IRQ7) when IRQPAS = 1, as WAIT input pin|A/D converter
triggered when WAITPS =1, and as BREQO output |input pin
input (IRQ pin when BREQOPS =1 (ADTRG),
input only) and as inter-

rupt input pin
(IRQ7) when
IRQPAS =1
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Port |Description Pins Mode 4 ‘ Mode 5 ‘ Mode 6 ‘ Mode 7
Port 5 | 4-bit I/O P52/SCK2/IRQ6 1/0 ports also functioning as SCI (channel 2) I/O pins (TxD2,
port P51/RxD2/1RQ5 RxD2, SCK2), and as interrupt input pins (IRQ4 to IRQ6)
* Schmitt- —p5o/TyD2/RQF when IRQPAS =1
triggered
input (IRQ
input only)
Port 6 |+ 8-bit I/O P67/IRQ3/CS7 8-bit I/0 port also functioning as DMA 8-hit I/O port
port P66/IRQ2/CS6 controller 1/0 pins (DREQO, TENDO, also function-
« Schmitt- TROT DREQ1, TEND1), bus control output pins ing as inter-
triggered P65/IRQT (CS4 to CS7), and interrupt input pins (IRQO | rupt input pins
input P64/IRQO to IRQ3) (IRQO to
(P6,to P6,) |P63/TEND1 When CS167E = 0: P67 and P66 I/O ports IRQ3)
P62/DREQ1 When CS167E = 1 and DDR = 1: CS6 and
P61/TENDO/CS5 CS7 outputs
P60/DREQO/CS4 When CS167E = 1 and DDR = 0: P67 and
P66 input ports
When CS25E = 0: P61 and P60 I/O ports
When CS25E = 1 and DDR = 1: CS4 and
CS5 outputs
When CS25E =1 and DDR = 0: P67 and
P66 input ports
Port A | 8-bit I/O PA7/A23/IRQ7 When DDR = 0O (after reset): |When DDR = |Dual function
port PAG/A22/IRQ6 dual function as input ports |0 (after reset):|as I/O ports
« Built-in R and interrupt input pins (IRQ7|dual function |and interrupt
MOS input PAS/AZ1NIRQS to IRQ5) as input ports |input pins
pull-up When DDR = 1 and A23E to |and interrupt | (IRQ7 to
« Open-drain A21E = 1: address output Irllguot7pltns IRQ4)
(o}
output When DDR =1 and A23E to I(RW)
capability A21E = 0: DR value output
When DDR =
* Schmitt- PA4/A20/IRQ4 Address output 1and AZ?E to
triggered A20E = 1:
input address
(PA, o0 PA,) output
When DDR =
1 and A23E to
A20E =0: DR
value output
PA3/A19 to PAO/ALG Address output When DDR = |I/O ports
0 (after reset):
input ports
When DDR =
1: address
output
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Port |Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port B | 8-bit /O PB7/A15 to PBO/A8 Address output When DDR = |1/O port
port 0 (after reset):
* Built-in input port
MOS input When DDR =
pull-up 1: address
output
Port C |« 8-hit I/O PC7/A7 to PCO/AO 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 PD7/D15 to PD0/D8 Data bus input/output 1/0O port
port
* Built-in
MOS input
pull-up
Port E | 8-bit /O PE7/D7 to PEO/DO In 8-bit bus mode: 1/O port 1/0 port
port In 16-bit bus mode: data bus input/output
* Built-in
MOS input
pull-up
Port F | 8-bit I/0 PF7/o When DDR = 0: input port When DDR =
port When DDR = 1 (after reset): g output 0 (after reset):
input port
When DDR =
1: @ output
PF6/AS When ASOD = 1: I/O port 1/O port
When ASOD = 0: AS output
PF5/RD RD, HWR output
PF4/HWR
PF3/LWR When LWROD = 1: I/O port
When LWROD = 0: LWR output
PF2/LCAS/WAIT/BREQO |When WAITE =0 and BREQOE = 0 (after
reset): 1/0 port
When WAITE = 1, BREQOE and WAITPS =
0: WAIT input
When WAITE = 0, BREQOE =1 and
BREQOPS = 0: BREQO input
When RMTS2 to RMTSO0 = B'001 to B'011:
LCAS output
PF1/BACK When BRLE = 0 (after reset): 1/0O port
PFO/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 /O PG4/CS0 When DDR = 0*!: input port 1/0 port
port When DDR = 1*2: CSO0 output
PG3/CS1 When DDR = 0 (after reset): input port
PG2/CS2 When CS167E = 0: PG3 is I/O port
PG1/CS3 When CS167E =1 and DDR = 1: CS1
output
When CS167E =1 and DDR = 0: PG3 input
port
When CS25E = 0: PG2 and PG1 are I/0
ports
When CS25E = 1 and DDR = 1: CS2 and
CS3 outputs
When CS25E =1 and DDR = 0: PG2 and
PG1 input ports
PGO/CAS DRAM space set: CAS output
Otherwise (after reset): 1/0 port
Notes: 1. After aresetin mode 6
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413 RAM

The H85/2338, H85/2337, H85/2332, H85/2328, H8S/2327, H85/2323, and H8S/2322 have 8

kbytes of on-chip high-speed static RAM.

The on-chip RAM is connected to the bus master by a 16-bit data bus, enabling both byte data and
word data to be accessed in one state. This makes it possible to perform fast word data transfer.

The on-chip RAM can be enabled or disabled by means of the RAM enable bit (RAME) in the

system control register (SY SCR).

Block Diagram of RAM (8-Kbyte Case)

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

)

H'FFDCO00 H'FFDCO1
H'FFDC42 H'FFDC43
H'FFDC44 H'FFDC45
H'FFFBFE H'FFFBFF
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414 ROM

The H85/2338 and H8S/2328 have 256 kbytes of on-chip flash memory or mask ROM, and the
H8S/2337and H85/2327 have 128 kbytes of on-chip mask ROM, and H85/2323 have 32 kbytes of
on-chip mask ROM.

The ROM is connected to the bus master by a 16-hit data bus, enabling both byte data and word
data to be accessed in one state. This allows rapid instruction fetches and improves processing
Speed.

In addition to erasing and programming with a dedicated PROM programmer, the flash memory
version can aso be erased and programmed on-board.

ROM Block Diagram (H85/2338, H85/2328)

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

H'000000 H'000001
H'000002 H'000003
H'03FFFE H'03FFFF

On-chip ROM is enabled or disabled by means of the mode pins (MD2 to MDO) and the EAE hit
in BCRL.

152
HITACHI




Features of Flash Memory

Four operating modes

O Program mode

O Erase mode

O Program-verify mode

O Erase-verify mode

Programming/erase methods

O 128 bytes programmed simultaneously

O 4-kbyte, 32-kbyte, or 64-kbyte units can be set for block erasing

Programming/erase times

O Programming time: TBD per 128-byte programming operation
TBD per byte

O Erasetime: TBD per block

Reprogramming up to 100 times

On-board programming modes

0 Boot mode

O User program mode

Automatic bit rate adjustment

O With datatransfer in boot mode, the bit rate of the chip can be automatically adjusted to
match the transfer bit rate of the host

Flash memory emulation by RAM

O Real-time programming of flash memory can be emulated by overlapping part of RAM
onto flash memory

Protect modes

O There are three protect modes, hardware, software, and error protect, which allow protected
status to be designated for flash memory program/erase/verify operations

Writer mode

O On-board programming mode and writer mode, using a PROM programmer, are available
as flash memory program/erase modes
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Block Diagram of Flash Memory (H852338 and H85/2328)

A

Internal address bus

Internal data bus (16 bits)

<__ [ EBR1
< >|_EBR2

<___FmcRr2 [ Q Q

< [RAMER}—

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

(2]

2 C> SYSCR2 U

(<]

= FLMCR1 i
B C> Bus interface/controller < |Operating
= mode

FWE pin
Mode pin
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Mode Transitions

When the mode pins and FWE pins are set in the reset state and a reset-start is executed, the MCU
enters one of the operating modes as shown in the figure below. In user mode, flash memory can
be read but not programmed or erased.

Flash memory can be programmed and erased in boot mode, user program mode, and writer mode.

MD2 =MD1=1
FWE=0or1

Reset state

User mode
with on-chip ROM
enabled

Writer mode

User program
mode

Boot mode

On-board programming mode

Note: Only make a transition between user mode and user program mode when the CPU is not
accessing the flash memory.

* MD2 =MD1=MD0=0,P66=1,P65=P64=0
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Section 5 Power-Down Modes

In addition to the normal program execution state, the these series have power-down modesin
which operation of the CPU and oscillator is halted and power dissipation is reduced. L ow-power
operation can be achieved by individually controlling the CPU, on-chip supporting modules, and
SO on.

These series operating modes are as follows:

High-speed mode
Medium-speed mode
Sleep mode

Module stop mode
Software standby mode
Hardware standby mode

o 0k~ wbdPE

Of these, 2 to 6 are power-down modes. Sleep mode is a CPU mode, medium-speed mode isa
CPU and bus master mode, and module stop mode is an on-chip supporting module mode
(including bus masters other than the CPU). A combination of certain of these modes can be set.

Medium-Speed M ode: When bits SCK2, SCK1, and SCKO0 in the system clock control register
(SCKCR) are set to 1, medium-speed mode is entered as soon as the current bus cycle ends. In
medium-speed mode, the bus masters—the CPU, DMAC, and DTC—operate on the operating
clock (212, a4, &8, 216, or ¢/32) specified by bits SCK2 to SCKO. However, on-chip peripheral
functions other than the bus masters operate on the high-speed clock (g).

In medium-speed mode, a bus accessis executed in the specified number of states with respect to
the bus master operating clock. (For example, if @/4 is selected as the operating clock, on-chip
memory is accessed in four states, and internal 1/0 registersin eight states.)

Medium-speed modeis cleared by clearing bits SCK2 to SCKO to 0. High-speed mode is restored
at the end of the current bus cycle.

Sleep Mode: If a SLEEP instruction is executed when the SSBY hit in the system standby register
(SBYCR) iscleared to 0, the CPU enters sleep mode. In sleep mode, CPU operation stops but the
contents of the CPU’ sinternal registers are retained. Other peripheral functions do not stop.

Sleep modeis cleared by areset or any interrupt, and the CPU returns to the normal program
execution state via the exception handling state.
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Module Stop M ode: Module stop mode can be used to start and stop individual on-chip
peripheral modules.

When the MSTP bit corresponding to a particular peripheral function in the module stop control
register (MSTPCR) is set to 1, operation of the specified module stops at the end of the bus cycle
and atransition is made to module stop mode. The CPU continues operating independently.

When the corresponding MSTP bit is cleared to 0, module stop mode is cleared and the module
starts operating at the end of the bus cycle.

In module stop mode, the internal states of modules other than the SCI and A/D are retained.
After areset, all modules except the DMAC and DTC are in module stop mode.

Softwar e Standby Mode: If a SLEEP instruction is executed when the SSBY hitin SBYCR is set
to 1, software standby mode is entered. In this mode, the CPU, on-chip peripheral functions, and
oscillator all stop. However, the contents of the CPU’ s internal registers, RAM data, and the states
of on-chip peripheral functions other than the SCI, A/D and 1/O ports are retained.

Software standby mode is cleared by areset or an external interrupt. After the elapse of the
oscillation stabilization time, the program execution mode is restored via the exception handling
state.

Asthe oscillator is stopped in this mode, power consumption is extremely low.

Hardwar e Standby M ode: When the STBY pin isdriven low, atransition is made to hardware
standby mode from any state.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in
extremely low power consumption. Aslong as the prescribed voltage is supplied, on-chip RAM
dataisretained. 1/0 ports are set to the high-impedance state.

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin is low, the reset state is entered and clock oscillation is
started. When the RES pin is subsequently driven high, the program execution state is restored via
reset exception handling.

In this mode, asin software standby mode, power consumption is extremely low since the
oscillator is stopped.
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Chip Internal Statesin Each Mode

Operating  Transition Clearing cPU Modules
Mode Condition  Condition Oscillator Registers Registers 1/O Ports
High speed Control Control Functions High Functions High Functions  High speed
mode register register speed speed
Medium- Control Control Functions Medium Functions High/  Functions High speed
speed mode register register speed medium
speed *!
Sleep mode Instruction  Interrupt Functions Halted Retained High Functions  High speed
speed
Module stop Control Control Functions High/  Functions Halted Retained/ Retained
mode register register medium reset *2
speed
Software Instruction  External Halted Halted Retained Halted Retained/ Retained
standby interrupt reset *2
mode
Hardware Pin Pin Halted Halted Undefined Halted Reset High
standby impedance
mode
Notes: 1. The bus master operates on the medium-speed clock, and other on-chip supporting
modules on the high-speed clock.
2. The SCI and A/D converter are reset, and other on-chip supporting modules retain their
State.
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Appendix

Packages

Package Dimension Diagrams (Unit: mm)

Indication according to
geometrical tolerances Pin precision y indication

Dix W Oy
I—» Tolerance method based on maximum |—~ Allowable value
solid state

———  Tolerance value

Kind of geometrical tolerance
(in this case, positional tolerance)

Example: N
[Pl @

This indicates that the allowable pin displacement from the true central position is 0.12 mm when pin
width b is the maximum dimension. If b is smaller than the maximum dimension, the tolerance can be

extended accordingly.

Pin precision

H8S/2338 Series

FP-144 Unit: mm
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*0.17 £ 0.05
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*Dimension including the plating thickness
Base material dimension
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H8S/2328 Series

TFP-120 Unit: mm
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*Dimension including the plating thickness
Base material dimension
FP-128 Unit: mm
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*Dimension including the plating thickness

Base material dimension
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