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Notice
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Hitachi will not be held responsible for any damage to the user that may result from accidents
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any intellectual property claims or other problems that may result from applications based on
the examples described herein.

No licenseis granted by implication or otherwise under any patents or other rights of any third
party or Hitachi, Ltd.

MEDICAL APPLICATIONS: Hitachi’ s products are not authorized for usein MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales
company. Such use includes, but is not limited to, usein life support systems. Buyers of
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Preface

The H85/2000 Seriesis a new series of Hitachi-original 16-bit microcomputers which offer higher
performance and lower power consumption than the existing H8 Series—widely used for machine
control, etc.—together with significantly greater ease of use. The new microcomputersinclude a
CPU, ROM, RAM, aDMA controller (DMAC), data transfer controller (DTC), timers, a serial
communication interface (SCI), A/D converter, D/A converter, and other supporting modules on a
single chip, enabling them to be used in awide range of applications covering all system sizes
from small to large.

Another major feature of the H8S/2000 Seriesis CPU object-level upward-compatibility with the
H8/300H Series, H8/300 Series, and H8/300L Series within the H8 Series, enabling existing
software resources to be used.

Series Features

H8S/2000 Upward-compatible with the H8/300H Series and H8/300 Series; twice the
performance at the same frequency; multiply-and-accumulate instructions (for the
H8S/2600 CPU only)

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 peripheral
functions; low voltage, low power consumption

This Overview outlines the features and functions of the H8S/2655 Series, H8S/2350 Series,
H8S/2355 Series, H85/2357, and H8S/2345 Series products within the H8S/2000 Series—
products with powerful on-chip supporting functions suited to high-speed, high-precision rea-time
control—together with a brief description of the development environment.

Information on other H8S/2000 Series products is available in separate Overview publications.
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Section 1 Features of H8S Series

11 H8S/2000 Series Functions

H8S/2000 Series microcomputers are designed for faster instruction execution, using areatime
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 on-chip the peripheral functions needed for control systems. Easy and fast connection of
external memory is possible, simplifying the implementation of sophisticated, high-performance
systems.

The features of the H8S/2000 Series are shown below. The on-chip functions differ from product
to product; see sections 1.2, Product Evolution Diagram and List of Functions, and 5, Guideto
Products, for details.

High-performance H8S/2600 CPU, H85/2000 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
O All frequently used instructions executein 1 to 2 states
O High-speed arithmetic operations (at 20 MHz operation)
8/16/32-hit register-register add/subtract: 50 ns

8 x 8-bit register-register multiply: 150 ns (H8S5/2000 CPU: 600 ns)
16 + 8-hit register-register divide: 600 ns

16 x 16-bit multiply-and-accumulate 200 ns (H8S/2000 CPU: 1000 ns)
32 + 16-hit register-register divide: 1000 ns

» Instruction set suitable for high-speed operation
O Sixty-nine basic instructions (sixty-five in H852000 CPU)
O 8/16/32-bit move/arithmetic and logic instructions
O Unsigned/signed multiply and divide instructions
O Multiply-and-accumulate instruction (H85/2600 CPU only)
O Powerful bit-manipulation instructions
» Two CPU operating modes
O Normal mode*: H8/300 Series compatible, maximum 64-kbyte address space
0 Advanced mode: Maximum 16-Mbyte address space
Note: * Not supported in the H8S/2357 Series and H8S/2345 F-ZTAT™.
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Supporting Modules
The supported functions vary from series to series; see section 5, Guide to Products, for details.

¢ Buscontroller

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

Chip select output possible for each area

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

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

Burst ROM directly connectable

Maximum 8-Mbyte DRAM or PSRAM directly connectable (The pseudo-SRAM applies
only to the H8S/2655 Series)

O External busrelease function

I I [ |

« DMA controller (DMAC)
O Selection of short address mode or full address mode
O Four channelsin short address mode, two channelsin full address mode
O Transfer possiblein repeat mode, block transfer mode, etc.
O Single address mode transfer possible
0 Can be activated by internal interrupt
« Datatransfer controller (DTC)
O Activated by internal interrupt or software
O Multipletransfers or multiple types of transfer possible for one activation source
O Transfer possiblein repeat mode, block transfer mode, etc.
0 Request can be sent to CPU for interrupt that activated DTC

e 16-hit timer-pulse unit (TPU)
O Six-channel 16-bit timer on-chip
O Pulse /O processing capability for up to 16 pins
O Automatic 2-phase encoder count capability

» Programmable pulse generator (PPG)
0 Maximum 16-bit pulse output possible with TPU astime base
O Output trigger selectable in 4-bit groups
O Non-overlap margin can be set
O Direct output or inverse output setting possible
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8-bit timer

O 8-bit up-counter (external event count capability)
O Two time constant registers

O Two-channel connection possible

Watchdog timer (WDT)
O Watchdog timer or interval timer selectable

On-chip serial communication interface (SCI)

O Asynchronous mode or synchronous mode selectable
O Multiprocessor communication function

0 Smart card interface function

On-chip A/D converter (type 1)

Resolution: 10 bits

Input: 8 channels

High-speed conversion: 2.2 ps minimum conversion time (at 20 MHz operation)
Select or group mode, and single or scan mode selectable

Sample and hold circuit

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

I A [ |

On-chip A/D converter (type 2)

Resolution: 10 bits

Input: 8 channels

Minimum conversion time: 6.7 ps (at 20 MHz operation)

Single or scan mode selectable

Sample and hold circuit

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

Ooo0Oo0oogogo

On-chip D/A converter
0 Resolution: 8 bits
O Output: 2 channels

On-chip interrupt controller
O Nineexterna interrupt pins (NMI, IRQO to IRQ7)
O Selection of four interrupt control modes, with priority settable for each module
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* Fine power consumption control
0 Medium-speed mode
O Seep mode
0 Module stop mode
O Software standby mode
O Hardware standby mode

12

Evolution Diagram

Product Evolution Diagram and List of Functions
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List of Functions

Series H8S/2655 H8S/2350 H8S/2355 H8S/2357 H8S/2345
Type Name H8S/2655 HB8S/2653 HB8S/2350 H8S/2351 HB8S/2355 H8S/2353 HB8S/2357 HB8S/2352 HB8S/2345 H8S/2343
CPU H8S/2600 CPU @ L]
H8S/2000 CPU [ (] L] [ [ [ ] ° °
MCU Mode 1 [ ] [ ] [ ] [ ] @ *1 Py
operating Mode 2 ° ° ° P °
mode
Mode 3 o ° [ [ ] ° @+l °
Mode 4 [ ] [ ] [ ] [ ] [} [ ] [ ] [ ] [ ] [ ]
Mode 5 [ ] [ ] [ ] [} [} [ ] [ ] [ ] [ ] [ ]
Mode 6 ° ° ] [ ° ° [ ° °
Mode 7 [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Mode 10 [ ] (] @ *2
Mode 11 [ ] (] @ *2
Mode 14 [ ] (] @ *2
Mode 15 [ ] @ *2
ROM 128 kbytes L J ] [ ] °
64 kbytes o L] ° °
ROMless [ ] L
version
Mask ROM ] (] [ ] [ ] ] ] ° °
version
ZTAT version*> @ L] L] L]
F-ZTAT ° o x4
version*®
RAM 2 kbytes ° L4 ° °
4 kbytes L J ° ° °
8 kbytes [ ] °
Bus DRAM [ ] [ ] L [ ] [ ] [ ]
controller  interface
PSRAM ° [ ]
interface
Burst ROM [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
interface
Write buffer L[] (] (] [ [ °
function
Interrupt Interrupt control 4 4 2 2 2 2 2 2 2 2
controller modes
External 9 9 9 9 9 9 9 9 9 9
interrupts
Internal 52 52 42 42 47 47 52 52 43 43
interrupts
Reset Power-on reset @ L] L] o [ ] ° (] [ ] [ ] °
Manual reset o ° [ ° ° ° o 7 _ @ *8 @ *8
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List of Functions (cont)

Series H8S/2655 H8S/2350 H8S/2355 H8S/2357 H8S/2345
Type Name HBS/2655 H8S/2653 H8S/2350 H8S/2351 H8S/2355 H8S/2353 H8S/2357 H8S/2352 H8S/2345 H8S/2343
DMAC . . . . ° °
DTC [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Timers TPU (16-bit) X6 X6 X6 X6 X6 X6 X6 X6 X6 X6
PPG ° ° ° ° ° °
8-bit timers X2 X2 X2 X2 X2 X2 X2 X2
wDT X1 X1 X1 X1 X1 X1 X1 X1 X1 X1
scl Channels X3 X3 X2 X2 X3 X3 X3 X3 X2 X2
Asynchronous @ L d L d L] ] o ° L] ] °
mode
Synchronous [ ] [ ] [ ] [} [ ] [ ] [} [ ] [ ] [ ]
mode
Multiprocessor @ L d L d L] ] o ° L] ] °
function
Smart card [ ] [ ] [ ] [} [ ] [ ] [} [ ] [ ] [ ]
interface
function
AID 10-bit (type 1) @ o
converter (type 2) ° ° ° ° ° ° ° °
D/IA 8-bit [ ] [ ] [ ] [} [ ] [ ] [} [ ] [ ] [ ]
converter
1/0 ports Input pins 8 8 8 8 8 8 8 8 8 8
1/O pins 87 87 87 87 87 87 87 87 71 71
Packages TFP-120 ° L J ° L[] (] ° ° °
FP-128 ° ° ° ° ° ° ° °
TFP-100B ° .
TFP-100G ° (]
FP-100A ° (]
FP-100B ° .
Maximum 27t055V ~ 10MHz 10MHz 10MHz 10MHz 10MHz 10MHz 10MHz 10MHz  10MHz 10 MHz
ZZZT;:S}/ 30t055V  — — 13MHz  13MHz  13MHz*3 13MHz  13MHz*4 13MHz — —
5V 20MHz 20MHz 20MHz 20MHz 20MHz 20MHz 20MHz 20MHz  20MHz 20 MHz
Notes: 1. Applies to the ZTAT and mask ROM versions only.
2. Applies to the F-ZTAT versions only.
3. Applies to the mask ROM versions only.
4. Under development
5. ZTAT is a trademark of Hitachi, Ltd.
6. F-ZTAT is a trademark of Hitachi, Ltd.
7. Manual reset is not supported in the H8S/2357 F-ZTAT version and mask ROM version.
8. Please contact your Hitachi sales representative for information on manual reset in the
H8S/2345 Series.
e : Available
6
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13 ZTAT™ and F-ZTAT™ Microcomputers

H8S5/2000 Series products are available in ZTAT™ versions as well as mask ROM versions.
ZTAT™ microcomputers have on-chip user-programmable ROM. After program development is
complete, the user can write to the program ROM in situ, enabling faster product development.
Versions with on-chip flash memory (H85/2357 F-ZTAT™ and H8S/2345 F-ZTAT™) are also
available.

ZTAT™ micromputers

» Shorter development TAT (Turn Around Time) and lower devel opment costs

O A completed program does not have to sent to the manufacturer, but can be written by the
user himself

» Facilitates small-volume, multi-model production
O More economical than mask ROM versions for small-volume production
O Easily copeswith fields requiring frequent specification changes

e General-purpose PROM writer can be used

O Programming only requires connection of a special socket adapter to a general -purpose
PROM writer

F-ZTAT™ microcomputer

e Shorter development TAT

O Fina adjustments can be made after product completion, allowing hardware-first
development

» Lower development costs
0 Repeated programming possible in the devel opment stage
O Allows partia reprogramming even of small-volume products

0 Can be programmed and erased simply by connecting a special socket adapter to a general-
purpose PROM writer

* Fexible system construction
0 On-board reprogramming allows unit-by-unit tuning
O Partial program amendment possible in on-board state
O Post-shipment version upgrading without changing board or chip

HITACHI



Embedding

in application
product

N PROM
F__ZTAT program-
microcomputer ming
ZTAT™ :
microcomputer PROM Embedding
program in application
ming product
B TAT (Turn around time) -
(Sample (Approval) Volume
(ROM order) Mask delivery) |Testing/ Volume | Production
creation/ confir- producat-
Mask ROM sample mation ion
microcomputer | production

Embedding
in application
product

HITACHI




Section2 CPU

2.1 Overview
H8S/2000 Series products use either an H8S/2600 Series or H8S/2000 Series CPU core.

The H85/2600 and H8S/2000 CPU are 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 CPUs have
sixteen 16-bit general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address
space, and isideal for realtime control.

Features

» Upward-compatible with H8/300 CPU
0 Can execute H8/300 and H8/300H object programs

* General-register architecture

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

e Sixty-nine (H85/2600 CPU) or sixty-five (H85/2000 CPU) basic instructions
O 8/16/32-hit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions
O Multiply-and accumulate instruction (H85/2600 CPU only)

» 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]

OooOoo0oogooOooao

» 16-Mbyte address space
O Program: 16 Mbytes
0 Data 16 Mbytes (4 Gbytes architecturally)

HITACHI



» High-speed operation
O All frequently-used instructions execute in one or two states

O Maximum clock frequency: 20 MHz

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

O 8 x 8-hit register-register multiply: 150 ns (H8S/2600 CPU) or
600 ns (H85/2000 CPU)

0 16 + 8-hit register-register divide: 600 ns

0 16 x 16-bit register-register multiply: 200 ns (H8S/2600 CPU) or
1000 ns (H8S/2000 CPU)

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

« Two CPU operating modes
O Normal mode
O Advanced mode

* Power-down state
O Transition to power-down state by SLEEP instruction
0 CPU clock speed selection

Differences 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
O The MAC register is supported only by the H8S/2600 CPU.

¢ Basicinstructions

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

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

The address space, EXR register functions, power-down states, etc., may vary depending on the
product. 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/2600 CPU and the
H8S/2000 CPU have the following enhancements.

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

10
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Expanded address space
O Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
O Advanced mode supports a maximum 16-Mbyte address space.

Enhanced addressing

O The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

Enhanced instructions

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

O Two-bit shift instructions have been added.

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

Higher speed

0 Basicinstructions execute twice as fast.

Differences from H8/300H CPU: In comparison to the H8/300H CPU, the H8S/2600 CPU and
the H8S/2000 CPU have the following enhancements.

Additional control register
0 One 8-bit control register has been added.

Enhanced instructions

O Addressing modes of bit-manipulation instructions have been enhanced.
O Two-bit shift instructions have been added.

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

Higher speed
0 Basicinstructions execute twice as fast.

11
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2.2 Register Configuration

The H85/2600 and H8S/2000 CPU have general registers and control registers. The eight 32-hit
general registersall have identical functions and can be used as either address registers or data
registers. The control registers are the 24-bit program counter (PC), 8-bit extended register (EXR),
8-hit condition code register (CCR), and 64-bit multiply-and-accumulate register (MAC).

CPU Registers

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO0 ROH ROL
ER1 E1 R1H RIL
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
| PC |

76543210
EXR (T[]l

76543210

ccr [1UHUNZIV[C]
63 41 32
MACHL Sign extension ! MACH
MACL
31 0
Legend:
SP: Stack pointer H: Half-carry flag
PC: Program counter uU: User bit
EXR: Extended control 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 MAC:  Multiply-accumulate register*1

Ul User bit or interrupt mask bit*2

Notes: 1. MAC applies only to the H8S/2600 CPU.
2. Use as an interrupt mask bit is not possible with some series. Refer to the hardware manual for the
relevant product for details.

CPU Registers

12
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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-hit, 16-bit, or 8-bit register. When the
genera 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). These registers are functionally equivalent, providing a maximum sixteen 16-hit
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). Theseregisters 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-hit 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 extended
control register (EXR), and 8-bit condition-code register (CCR), and 64-bit multiply-and-
accumulate register (MAC)*.

e Program Counter (PC)
This 24-hit 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 is fetched, the least significant PC bit isregarded as 0.)

13
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» Extended Control Register (EXR)
An 8-hit register. Includes atrace hit (T) and interrupt mask bits (12 to 10).

O

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

Bits 6 to 3—Reserved

Bits 2 to O—Interrupt Mask Bits (12 to 10): These bits specify the interrupt request mask
level (0to 7). Seesection 2.9, Interrupts, for details.

EXR can be manipulated by the LCD, STC, ANDC, ORC, and XORC instructions. Except
in the case of STC, interrupts (including NM1) are not accepted for 3 states after the
instruction is executed.

» Condition-Code Register (CCR)
This 8-bit register contains internal CPU status information, including an interrupt mask hit (1)
and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

O

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. (NMI is
accepted regardless of the | hit setting.) The | bit is set to 1 by hardware at the start of an
exception-handling sequence. For details, refer to section 2.9, Interrupts.

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. This bit can also be used as an interrupt
mask bit. For details, refer to section 2.9, Interrupts.

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

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

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

Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero
data.

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

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:
e 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.

14
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2.3 Data Formats

The CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipul ation 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 Register Number Data Format

1-bit data RnH 7 o
756555453525150| Don't care '

1-bit data rRo, 7 0
| Don'tcare  |7!6!5:4i3{2!1!0
4-bit BCD data RnH 7 43 o
| Upper | Lower | Don't care

4-bit BCD data rRo, 7 43 0
Don't care | Upper | Lower |
Byte data RnH 7 o
P i | Dontcare

MSB tse

Byte data rRo.. 7 0
. Dontcare | i iiill
MSB LSB

15
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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

16
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Memory Data For mats

Data Type

1-bit data

Byte data

Word data

Longword data

Address e

Data Format

0
Address L 6| 5|/4|3|2|1]0
Address L [MSB: ¢ ¢ ¢ 1 ISB
Address2M |wsB: 1 1111
Address 2M + 1 1 1 | | §|_s|3
Address 2N [mMSB: ¢+ 1 0
Address2N+1| @ 1
Address 2N + 2
Address2N+3| 1 1 1 1 B

HITACHI
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24 Addressing M odes

The H85/2000 CPU supports eight addressing modes. The H8S/2600 CPU supports eight
addressing modes for easy use of the contents of the 16-Mbyte (architecturaly 4-Gbyte) address
space.

Addressing M odes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERN)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERnN
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate H#XX:8/H#XX: 16/#xXx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8
18
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Effective Address Calculation: In norma mode, the upper 8 bits of the effective address are

ignored, giving a 16-bit address.

aled uoqg T

€¢ ¢ 1€

% piombuo
Z piom
kg

9z1S pueladQo

1€ UY3—-® Wawaioap-aid yum 10a1ipul Ja1sIBay «
HEAKN
aled LuoQg T
7 vz e Te +UY3I®@ uawsaloul-isod Yum 10alipul Jalsibay
Juswaidap-ald
10 JuswaIdul-1sod yum 10aaipul JaisiBay 14
dsip 7 uolsualxe ubis _
1€
ared juoq _ dsip 7 7 1 7 do _
€ vZ € _ 7
SJuslu09 JalsIBal [elauaD [~
1€ (uy3 ‘ze:P)® 40 (UYT '9T:P)D
Juawade|dsip Yum 10alipul Jalsibay e
HAKN
ales LuoQg _A‘\_ S1UBIU09 J3lsIBal [elauaD T
€ e 12> e (ug3®) Wa1pul IsiBay 14
(o] o
'SjUdU0 Ja)sIbal [elauab si puesado
(uy) yoou1p 133816y T
(v3) ssaippy 8Anoay3 uolre|nae) ssalppy aAlld843 Jewlo4 uononasu| pue apow Buissaippy ‘ON
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“ejep arelpawiwi si puesado

NINI 7 do

CEXXHIQTXX#/B:XX# Srelpawiw| 9
aleds j,uoq _ sqe
gcve 1€ do
zcee@®@
TEQ H.con__ _ sqge 7 do _
g ve 1€ vzeed
UOISUSIXd
ubls areo H.coo_ _ sqe 7 do _
ST 9T gcve TE oTee®
7 4d444.H 8Jed juoq sqe E
L8 gcve T€ gee®
Ssalppe aIn|osqy S
(v3) ssalippy aAnd3Y3 uole|noed ssaippy aAldslg Jew.io4 uononJisu| pue apo Buissaippy ‘ON
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aled juog _ SJUBI02 AloWBN
€c e 1€ 0 TE
_ sqe 7 000000H
0O A .8 1€
apoW PasueApY o
k [SUEI TR WSTIIVET]
7 00.H aled juog
ST 9T gcve 1€ _ sqe 7 000000.H
0 A .8 T€
9pOW [BWION e
g:'ee®@@® 10aJipul AloWa 8
aled juoq +
] teve 1t dsip 7 Yo _
0 €C dsip do
(0d ‘9T:P)@/(0d '8:P)®
SJUBI02 Dd _
0 54 aAe|al Jayunod-welbold /
(v3) ssalippy aAI8Y3 uolre|noed ssaippy aAlda8l3 Jew.o4 uononJisu| pue apo Buissaippy ‘ON
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25 I nstruction Set

The H85/2600 CPU has 69 types of instructions, and the H8S/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

e Multiply-and-accumulate instruction (H85/2600 CPU only)
« 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

22
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Datatransfer instructions

Addressing Mode/Instruction Length

(Bytes)
_ @ é ‘ Condition Code Number
Mnemonic o . é) Operation of States™!
o =4 < —~
S sld|g| |2]g
2 lz|lcluw|l2|¥|312|9®
O |£|z2|®|0®|®|0|0 || | H|N|Z|V|C [Normal‘2[Advanced
MOV | MOV.B #xx:8,Rd B | 2 #xx:8 - Rd8 — =] l0|= 1
MOV.B Rs,Rd B 2 Rs8 - Rd8 —|—l.]]o]= 1
MOV.B @ERs,Rd B 2 @ERs-.Rd8 — =l ]l ]o]= 2
MOV.B @(d:16,ERs),Rd | B 4 @(d:16,ERs) —~ Rd8 —|—=]s].]0]— 3
MOV.B @(d:32,ERs),Rd | B 8 @(d:32,ERs) - Rd8 —|—=]s . ]0]— 5
MOV.B @ERs+,Rd B 2 @ERSs - Rd8,ERs32+1 - ERs32 —|—l.]]o]= 3
MOV.B @aa:8,Rd B 2 @aa:8 - Rd8 — =[] lo]— 2
MOV.B @aa:16,Rd B 4 @aa:16 - Rd8 —|—|,]sl0]— 3
MOV.B @aa:32,Rd B 6 @aa:32 - Rd8 — =] ]o]= 4
MOV.B Rs,@ERd B 2 Rs8 - @ERd —|—l.]]0o]= 2
MOV.B Rs,@(d:16,ERd) | B 4 Rs8 - @(d:16,ERd) — =] lo]= 3
MOV.B Rs,@(d:32,ERd) | B 8 Rs8 - @(d:32,ERd) —|—=]s].]0]— 5
MOV.B Rs,@-ERd B 2 ERd32-1-.ERd32,Rs8 -~ @ERd — =l l0]— 3
MOV.B Rs,@aa:8 B 2 Rs8— @aa:8 — =[] ]o]— 2
MOV.B Rs,@aa:16 B 4 Rs8_ @aa:16 —|—|:]s]o]— 3
MOV.B Rs,@aa:32 B 6 Rs8 - @aa:32 —|—|,]s]0]— 4
MOV.W #xx:16,Rd w |4 #xx:16 -~ Rd16 —|—l:]:]o]= 2
MOV.W Rs,Rd w 2 Rs16 - Rd16 — =[] ]:]0o]— 1
MOV.W @ERs,Rd W 2 @ERs - Rd16 —|—|:]s]o]— 2
MOV.W @(d:16,ERs),Rd | W 4 @(d:16,ERs) ~ Rd16 —|—l:]:]0]= 3
MOV.W @(d:32,ERs),Rd | W 8 @(d:32,ERs) ~Rd16 —|—=]s . ]0]— 5
MOV.W @ERs+,Rd w 2 @ERs-Rd16,ERs32+2-ERs32  |—[—|, |, |0 |— 3
MOV.W @aa:16,Rd w 4 @aa:16 - Rd16 — =] ]o]= 3
MOV.W @aa:32,Rd w 6 @aa:32-Rd16 —|—l:]:]0]= 4
MOV.W Rs,@ERd w 2 Rs16 - @ERd — =[] ]:]0o]— 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) —|=l:]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 —|—[:]slo]— 3
MOV.W Rs,@aa:32 W 6 Rs16 - @aa:32 —|—, : 0|— 4
MOV.L #xx:32,ERd L | 6 #xx:32 - ERd32 —|—l:]:]0]= 3
MOV.L ERs,ERd L 2 ERs32 . ERd32 —|—|,]s]0]— 1
MOV.L @ERs,ERd L 4 @ERs - ERd32 —|—[:]s]o]— 4
MOV.L @(d:16,ERs),ERd| L 6 @(d:16,ERs) — ERd32 —|=li]i]o]— 5
MOV.L @(d:32,ERs),ERd| L 10 @(d:32,ERs) ~ ERd32 —|—=]s]:]0]— 7
MOV.L @ERs+,ERd L 4 @ERs - ERd32,ERs32+4 ~ERs32 |—|—|, |, |0|— 5
MOV.L @aa:16,ERd L 6 @aa:16 - ERd32 — =[] ]:]0o]— 5
MOV.L @aa:32,ERd L 8 @aa:32 - ERd32 —|=li]i]o]— 6
MOV.L ERs, @ERd L 4 ERs32 - @ERd —|—|:]s]0]— 4
MOV.L ERs,@(d:16,ERd)| L 6 ERs32 - @(d:16,ERd) —|—|:]:s]0]— 5
MOV.L ERs,@(d:32,ERd)| L 10 ERs32 - @(d:32,ERd) —|=l [i]o]— 7
MOV.L ERs,@-ERd L 4 ERd32-4 - ERd32,ERs32-@ERd |—[—| ;| i ]0[— 5
MOV.L ERs,@aa:16 L 6 ERs32 - @aa:16 —|—|:]s]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 —|=l:[i]o]— 3
POP.L ERn L 4 | @SP-ERn32,SP+4-SP — =[] ]ilo]— 5
PUSH | PUSH.W Rn W 2 | SP-2.SP,Rn16 - @SP —|—|:]:s]0]— 3
PUSH.L ERn L 4 | SP-4-SP,ERn32-. @SP — =[] ]:]0o]— 5
LDM | LDM @SP+,(ERm-ERn) | L 4 | (@SP-ERN32,SP+4-SP) P e e e 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 ) ’ [2]
MOVTPE| MOVTPE Rs,@aa 16 Cannot be used with these series. 2l
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* Arithmetic instructions

Addressing Mode/Instruction Length

(Bytes)
_ @ é _ Condition Code Number
Mnemonic [} m} Operation of States™?
] T ® ~
& slG| g -
S x| |L|ZS|W EIZ|O
O |#|x|®|®| ®| Q|| H|N|Zz |V |C |Normal*JAdvanced
ADD  |ADD.B #xx:8,Rd B |2 Rd8+#xx8 - Rd8 = HEHE 1
ADD.B Rs,Rd B 2 Rd8+Rs8 . Rd8 —eleleloly 1
ADD.W #xx:16,Rd w | 4 Rd16+#xx:16 ~ Rd16 EEIHEHE 2
ADD.W Rs,Rd w 2 Rd16+Rs16 - Rd16 i HHEHE 1
ADD.L #xx:32,ERd L 6 ERd32+#xx:32 - ERd32 N HHEEE 3
ADD.L ERs,ERd L 2 ERA32+ERs32 - ERd32 HZHEHE 1
ADDX |ADDX #xx:8,Rd B | 2 Rd8+#xx:8+C — Rd8 EHEHEHE 1
ADDX Rs,Rd B 2 Rd8+Rs8+C — Rd8 EHEHGHE 1
ADDS |ADDS #1,ERd L 2 ERd32+1 - ERd32 —|—|=]=]=]= 1
ADDS #2,ERd L 2 ERd32+2 - ERd32 —|—=|=|=l=]= 1
ADDS #4,ERd L 2 ERd32+4 - ERd32 —|=|=|=l=]= 1
INC INC.B Rd B 2 Rd8+1 - Rd8 —|—l = 1
INC.W #1,Rd w 2 Rd16+1 - Rd16 —|—=] ] = 1
INC.W #2,Rd W 2 Rd16+2 Rd16 —|=l e ]= 1
INC.L #1,ERd L 2 ERd32+1 . ERd32 —|—| = 1
INC.L #2,ERd L 2 ERd32+2_ ERd32 s 1
DAA  |DAARd B 2 Rd8 decimal adjust . Rd8 EEHEEE 1
SUB [SUB.BRs,Rd B 2 Rd8-Rs8 — Rd8 EHHEHHE 1
SUB.W #xx:16,Rd W | 4 Rd16-#xx:16 - Rd16 EEIHHEEE 2
SUB.W Rs,Rd w 2 Rd16-Rs16 — Rd16 EEIHEEE 1
SUB.L #xx:32,ERd L 6 ERd32-#xx:32 - ERd32 HrHEEE 3
SUB.L ERs,ERd L 2 ERd32-ERs32 - ERd32 HOHEEE 1
SUBX |SUBX #xx:8,Rd B |2 Rd8-#xx:8-C . Rd8 EHEHEHE 1
SUBX Rs,Rd B 2 Rd8-Rs8-C - Rd8 ENHEEIHE 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 —[—=] ] = 1
DEC.W #2,Rd W 2 Rd16-2 - Rd16 —I—[ ] ]= 1
DEC.L #1,ERd L 2 ERd32-1- ERd32 EEEHEE 1
DEC.L #2,ERd L 2 ERd32-2 - ERd32 —=lelr ] l= 1
DAS  |DAS Rd B 2 Rd8 decimal adjust — Rd8 —[* e * = 1
MULXU |[MULXU.B Rs,Rd B 2 Rd8xRs8 - Rd16 (unsigned multiplication) | —| —|—|—|—|—| 3(12)*3to [6]
MULXU.W Rs,ERd w 2 Rd16xRs16 - ERd32 m ion) [—|—|—|—[—[|—| 4(20)*3t0[6]
MULXS |MULXS.B Rs,Rd B 4 Rd8xRs8 - Rd16 (signed multiplication) |—|—| ;| 7 |[—[—| 4(13)*3t0[7]
MULXS.W Rs,ERd w 4 Rd16xRs16 - ERd32 (signed multiplication) |—|—| ; | ; |—|—| 5(21)*3to[7]
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 —[—[e1m—]— 20
(Ed: remainder, Rd: quotient) (unsigned division)
DIVXS |DIVXS.B Rs,Rd B 4 Rd16+Rs8 - Rd16 —|—|BI|[7]|—|— 13
(RdH: remainder, RdL: quotient) (signed division)
DIVXS.W Rs,ERd w 4 ERd32+Rs16 — ERd32 —[—|©m—]— 21
(Ed: remainder, Rd: quotient) (signed division)
CMP  |CMP.B #xx:8,Rd B |2 Rd8-#xx:8 EHHEHE 1
CMP.B Rs,Rd B 2 Rd8-Rs8 NHHEEHE 1
CMP.W #xx:16,Rd W | 4 Rd16-#xx:16 EEHEEE 2
CMP.W Rs,Rd W 2 Rd16-Rs16 EIHHEEHE 1
CMP.L #xx:32,ERd L 6 ERA32-#xx:32 ICIHHEE 3
CMP.L ERs,ERd L 2 ERd32-ERs32 HEZHHEEE 1
NEG |NEG.BRd B 2 0-Rd8_Rd8 = HHHEHE 1
NEG.W Rd w 2 0-Rd16 . Rd16 —l o lelolols 1
NEG.L ERd L 2 0-ERd32 - ERd32 =HHEHE 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) —|—]0];]0]|— 1
EXTS |EXTS.WRd w 2 (<bit 7> of Rd16) - —|=[+|+|o|— 1
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) — —|—[ |y ]0]— 1
(<bits 31 to 16> of ERd32)
TAS TAS @ERd B 4 @ERd-0 - CRR set, (1) - —|—[ |y |0]— 4
(<bit 7> of @ERd)
24

HITACHI




» Arithmetic instructions (cont)

Addressing Model/Instruction Length (Bytes)

-
_§ % o Condition Code Number
Mnemonic ] | ® ~ peration of States*1
g c || & g|s
I gy | &
2 lzlclulz|¥ g2
O |£#|x|®|®|® Q|66 | HIN|Z|V Normal*2| Advanced
MAC*4  |[MAC@ERn+ @ERm+ — 4 @ERn x @ERM+MAC — MAC JE R i - 4
(signed multiplication) [11]|[11]|[11]
ERn+2— ERn,ERm+2— ERmM
CLRMAC*4CLRMAC — 2 [0— MACH,MACL —=[=1=]= 2[12]
LDMAC*# [LDMAC ERs,MACH L 2 ERs— MACH — | —[=1—1= 2[12]
LDMAC ERs,MACL L 2 ERs— MACL —=[=1=]= 2[12]
STMAC*#+ [STMAC MACH,ERd L 2 MACH— ERd — i1t — 1[12]
STMAC MACL ERd L 2 MACL— ERd — 111 — 1[12)
* Logical instructions
Addressing Mode/Instruction Length
(Bytes)
) P Condition Code Number
Mnemonic (,E, . % Operation of States™®
o =4 = —~
s sld|g|l |2]g
2 lzlclu|l2|¥ s|I2|@®
O |#|x2x|® ®|©®| || I |H|N|Z|V|C [Normal?|Advanced
AND  |AND.B #xx:8,Rd B | 2 Rd8[#xx:8 - Rd8 —|—=|s]s]0|— 1
AND.B Rs,Rd B 2 Rd8[CRs8 - Rd8 —|—[+]s]0]— 1
AND.W #xx:16,Rd w | 4 RA160#xx:16 — Rd16 —|—=|+]s]0]— 2
AND.W Rs,Rd w 2 Rd16[Rs16 - Rd16 —|—|s ] ]0]— 1
AND.L #xx:32,ERd L | 6 ERd32[#xx:32 - ERd32 —|—=[:]s]0]— 3
AND.L ERs,ERd L 4 ERd32[ERs32 - ERd32 —|—=] ] ]o][— 2
OR OR.B #xx:8,Rd B | 2 Rd8[¥xx:8 - Rd8 —|—|s ] ]0]— 1
OR.B Rs,Rd B 2 Rd8[CRs8 - Rd8 —|—|s]s]0]— 1
OR.W #xx:16,Rd w | 4 Rd160#xx:16 ~ Rd16 —|—l+]+]0]— 2
OR.W Rs,Rd w 2 Rd16[Rs16 - Rd16 —|—|s]:]0]— 1
OR.L #xx:32,ERd L | 6 ERd32[#xx:32 - ERd32 —|—|s ]+ ]0]— 3
OR.L ERs,ERd L 4 ERd32[ERs32 - ERd32 —|=[s]s]0]— 2
XOR [XOR.B #xx:8,Rd B [ 2 Rd8[#xx:8 — Rd8 —|—=] ] ]o][— 1
XOR.B Rs,Rd B 2 Rd8[IRs8 - Rd8 —|—|s ] ]0]— 1
XOR.W #xx:16,Rd w |4 Rd160#xx:16 - Rd16 —|—|s ] ]0]— 2
XOR.W Rs,Rd w 2 Rd160Rs16 — Rd16 —|—=] ] ]o][— 1
XOR.L #xx:32,ERd L | 6 ERd320#xx:32 — ERd32 —|—|:]]0]— 3
XOR.L ERs,ERd L 4 ERd320ERs32 - ERd32 —|—|s ] ]0]— 2
NOT  |NOT.B Rd B 2 -Rd8 - Rd8 —|=[s]s]0]— 1
NOT.W Rd W 2 -Rd16 - Rd16 —[—].]:]0]— 1
NOT.L ERd L 2 -ERd32 - ERd32 —|—l.l.]0]— 1

HITACHI
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« Shift instructions

Mnemonic

Addressing Mode/Instruction Length

(Bytes)

#XX

@ERn

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

Operation

@aa
@(d,PC)
@@aa

Condition Code

Number
of States™

Normal*2|Advanced

SHAL

SHAL.B Rd

SHAL.B #2,Rd

SHAL.W Rd

SHAL.W #2,Rd

SHAL.L ERd

SHAL.L #2,ERd

SHAR

SHAR.B Rd

SHAR.B #2,Rd

SHAR.W Rd

SHAR.W #2,Rd

SHAR.L ERd

SHAR.L #2,ERd

SHLL

SHLL.B Rd

SHLL.B #2,Rd

SHLL.W Rd

SHLL.W #2,Rd

SHLL.L ERd

SHLL.L #2,ERd

SHLR

SHLR.B Rd

SHLR.B #2,Rd

SHLR.W Rd

SHLR.W #2,Rd

SHLR.L ERd

SHLR.L #2,ERd

ROTXL

ROTXL.B Rd

ROTXL.B #2,Rd

ROTXL.W Rd

ROTXL.W #2,Rd

ROTXL.L ERd

ROTXL.L #2,ERd

ROTXR

ROTXR.B Rd

ROTXR.B #2,Rd

ROTXR.W Rd

ROTXR.W #2,Rd

ROTXR.L ERd

ROTXR.L #2,ERd

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

rir g gS|lo|or|r g S| o|elrr g So|o|rrSS|oor -S| Sl orrS|Slo|oe|r|rS|S|e|o|r|r|S|S|o|o| Operand Size

NRN[N[N RN N INNN N[NNI NN N NN NN DN N NN NN NN NN NN N[NNI N [d NN RD

|
I
PP P P P P R P P P P Bt P P i B PR DI B =3 P=N P [P=N P= =1 DU P Pt B Bt Pt it P e B Bt P Bt it B Bt B B P

A D DG Y D O 0 S U P D D D O O DG DG D D D D DR i DG B S DI DN DI DI D PN DI SN I N N SN I N R N

o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|jo|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o|o |« rx rl« - <

NGRS RN RN R R
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* Bit manipulation instructions
Addressing Mode/Instruction Length
(Bytes)
@ é Condition Code Number
Mnemonic [ ri Operation of States'!
° T|9® ~
s sG] g e|g
S lxlc|u|S|U|E| 2O
O |£|x|®|®| 08 Q|6 | I'|H[N|Z]|V]|C Normal*2Advanced
BSET |BSET #xx:3,Rd B 2 (#xx:3 of Rd8) 1 == == 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 e e oy e 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 e e g o e 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 o il e e el 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 @aa8)] | —|—|—|—|—|— 4
BNOT #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) - [~(#xx:3 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)] —[—=]=[=]=]= 4
BNOT Rn,@aa:8 B 4 (Rn8 of @aa:8) — [~(Rn8 of @aa:8)] — === l== 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 o e e T e 1
BTST #xx:3,@ERd B 4 -(#xx:3 of @ERd) -~ Z — ==l == 3
BTST #xx:3,@aa:8 B 4 - (#xx:3 of @aa:8) - Z — ==l == 3
BTST #xx:3,@aa:16 B 6 ~(#xx:3 of @aa:16) - Z o el e T e 4
BTST #xx:3,@aa:32 B 8 -(#xx3 of @aa:32) - Z —[=1=]t == 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 o e I e 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 —[—=[=]—]=]* 1
BLD #xx:3,@ERd B 4 (#xx:3 of @ERd) - C o el e e o B 3
BLD #xx:3,@aa:8 B 4 (#xx:3 of @aa:8) - C ) el el i 3
BLD #xx:3,@aa:16 B 6 (#xx:3 of @aa:16) - C — === 4
BLD #xx:3,@aa:32 B 8 (#xx:3 of @aa:32) - C —|—===]—: 5
BILD |[BILD #xx:3,Rd B 2 ~(#xx:3 of Rd8) . C —T==—=1=1" 1
BILD #xx:3,@ERd B 4 —(#xx:3 of @ERd) - C —[—=[=]=]=]7% 3
BILD #xx:3,@aa:8 B 4 S(#xx:3 of @aa:8) -~ C —|—=|=]=]— 3
BILD #xx:3,@aa:16 B 6 -(#xx:3 of @aa:16) - C —|—==]=|—] 4
BILD #xx:3,@aa:32 B 8 -(#xx:3 of @aa:32) - C —[—=[—=]—]=]% 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) — === ]== 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) —|—|—=|—|=|— 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 C#xx:3 of Rd8) - C — === 1
BAND #xx:3, @ERd B 4 CLi#xx:3 of @ERd) . C —|==]=]=]" 3
BAND #xx:3,@aa:8 B 4 CO(#xx:3 of @aa:8) - C —|==|=1=] 3
BAND #xx:3,@aa:16 B 6 CO(#xx:3 of @aa:16) - C —[=[=]=[=]s 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 %) w Operation of States*!
T ElQ |o
8 glule g
S x| clulZ|lY|E(=2|0©
O |#|x|0|®|©® 08| 0l H| N[z ]V ] c NormarFadvanced
BIAND |BIAND #xx:3,Rd B 2 CL[-(#xx:3 of Rd8)] .C Y R 1
BIAND #xx:3, @ERd B 4 CO-(#xx:3 of @ERd)] -~ C —|—=]=]—[—] " 3
BIAND #xx:3,@aa:8 B 4 C-(#xx:3 of @aa:8)] - C —|—|=]=|—] 3
BIAND #xx:3,@aa:16 B 6 CO-(#xx:3 of @aa:16)] - C —[—=[=]—=[—] 4
BIAND #xx:3, @aa:32 B 8 CO-(#xx:3 of @aa:32)] - C —|—=]=]—=[—]+ 5
BOR |BOR #xx:3,Rd B 2 CL(#xx:3 of Rd8) . C = === 1
BOR #xx:3,@ERd B 4 CO(#xx:3 of @ERd) ~ C . 3
BOR #xx:3,@aa:8 B 4 C(#xx:3 of @aa:8) - C —[—=[=]—=[—]+ 3
BOR #xx:3,@aa:16 B 6 CO#xx:3 of @aa:16) -~ C — === 4
BOR #xx:3,@aa:32 B 8 C(#xx:3 of @aa:32) - C — === 5
BIOR |BIOR #xx:3,Rd B 2 CLI-(#xx:3 of Rd8)] . C —= == 1
BIOR #xx:3,@ERd B 4 CO-(#xx:3 of @ERd)] -~ C —|—=]=]—=[—]+ 3
BIOR #xx:3,@aa:8 B 4 C-(#xx:3 of @aa:8)] - C —|—|=]=|—] 3
BIOR #xx:3,@aa:16 B 6 CO-(#xx:3 of @aa:16)] - C —[—=[=]—[—]} 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 = === 1
BXOR #xx:3,@ERd B 4 CO(#xx:3 of @ERd) -~ C . 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

| Branch
Condition

@aa

#XX

Normal*2|Advanced

Rn
I
=z
N
<
O

Bcc BRA d:8(BT d:8) if condition is true then | Always — === 2

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 — C[z=0 —|—=|—=[—=[—]—

BHI d:16 —

BLS d:8 — Ccriz=1 ——=]—=]—=]=]—

BLS d:16 —

BCC d:8(BHS d:8) —

BCC d:16(BHS d:16) —

BCS d:8(BLO d:8) —

BCS d:16(BLO d:16) —

BNE d:8 —

BNE d:16 —

BEQ d:8 —

BEQ d:16 —

BvVC 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 — ZO(NOV)=0|—|—|—|—[—|—

BGT d:16 —

BLE d:8 — ZONOV)=1]—|—|—|—[—[—

AINE NSNS IN|A NS N NRINAINE NS NSINA NS NSNS (N @d,PC)
N
1l
o
I
|
|
I
|
|

BLE d:16 —

IJMP  [JMP @ERn — 2 PC—_ERn ===

|
I
|
|
|
|
WM (W [N|W (N[ [N W[N] [N]w[N[w [N w[N [N w[N [N |w[N N w(N e |w

JMP @aa:24 — 4 PC - aa:24 —|—|—]—=|—]—

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

BSR |BSRd:8 — PC - @-SP,PC . PC+d:8 —===1==

[N}

BSR d:16 — 4 PC_ @-SP,PCPC+d:16 —=====

JSR  [JSR @ERn — 2 PC_ @-SP,PC—ERn —===——=

JSR @aa:24 — 4 PC— @-SP,PC aa:24 —===1==

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

ENFNFNIRIENTAIEN
glo|a|slals|a

RTS _|RTS — 2 | PC—@SP+ = ===
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» System control instructions

Addressing Mode/Instruction Length
(Bytes)
» @ é ‘ Condition Code Number
Mnemonic %] | w Operation of States*!
E £12 o
8 gyl ol g
x| c|lu|lB|Y|E[Z2|O®
O |#|x|®|®|® 0|6 | 1'|H[N|Zz]|V|C Normal*2Advanced
TRAPA |TRAPA #xx:2 PC - @-SP,CCR- @-SP, 1|—|—|—|—|—| 719] 81[9]
EXR - @-SP,<vector>— PC
RTE |RTE — EXR — @SP+,CCR — @SP+, HEEHEHE 51[9]
PC-@SP+
SLEEP |SLEEP — Transition to the power-down state | —|—|—|—|—|— 2
LDC |LDC #xx:8,CCR B |2 #xx:8 - CCR HHHEHEHE 1
LDC #xx:8,EXR B 4 #xx:8 - EXR — === |— 2
LDC Rs,CCR B 2 Rs8-.CCR HHHBEHE 1
LDC Rs,EXR B 2 Rs8 - EXR —|—|—|—=|—|— 1
LDC @ERs,CCR w 4 @ERs-CCR HEHHEBE 3
LDC @ERs,EXR w 4 @ERs-EXR —[—=[—=]—=]=]— 3
LDC @(d:16,ERs),CCR | W 6 @(d:16,ERs) -~ CCR HHEHHEHE 4
LDC @(d:16,ERs) EXR w 6 @(d:16,ERs) - EXR ——==]=]=]= 4
LDC @(d:32,ERs),CCR_| W 10 @(d:32,ERs) - CCR HHEHHEE 6
LDC @(d:32,ERs),EXR w 10 @(d:32,ERs) - EXR YR U R - - 6
LDC @ERs+,CCR w 4 @ERs - CCR,ERs32+2 . ERs32 HHHHHEE 4
LDC @ERs+EXR w 4 @ERs - EXRERs32+2 .ERs32 _ |—[—|—[—|—|— 4
LDC @aa:16,CCR w 6 @aa:16 - CCR HHBEHHE 4
LDC @aa:16,EXR w 6 @aa:16 - EXR — | —]—=]—=]—]— a4
LDC @aa:32,CCR W 8 @aa:32 . CCR HHHHEHEE 5
LDC @aa:32,EXR w 8 @aa:32 - EXR —|—=|—=|—=|—=|— 5
STC |STC CCRRd B 2 CCR-Rd8 —===]=]= 1
STC EXR,Rd B 2 EXR - Rd8 == 1
STC CCR,@ERd w 4 CCR- @ERd R U R - - 3
STC EXR,@ERd W 4 EXR- @ERd —T====]= 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 ERd32-2ERd32,CCR-@ERd _ |—|—|—|—|—|— 4
STC EXR,@-ERd w 4 ERd32-2 - ERd32,EXR -~ @ERd —|—]— 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 —T===== 5
ANDC |ANDC #xx:8,CCR B |2 CCR#xx:8 - CCR HHEHEHE 1
ANDC #xx:8,EXR B 4 EXR#xx:8 - EXR —|—|—|—=|—|— 2
ORC |ORC #xx:8,CCR B 2 CCR#xx:8 - CCR HHHHEE 1
ORC #xx:8,EXR B |4 EXR#xx:8 - EXR —==]==]= 2
XORC |XORC #xx:8,CCR B |2 CCRO#xx:8 - CCR HHEHEEE 1
XORC #xx:8,EXR B | 4 EXRO#xx:8 - EXR e e e e 2
NOP |NOP — 2 | PC_PC+2 —====]= 1
30
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Block transfer instructions

Addressing Mode/Instruction Length
(Bytes)

Condition Code Number

Mnemonic Operation of States™®

Operand Size
@ERN
@(d.ERn)
@-ERn/@ERn+
@aa

@(d,PC)
@@aa

#XX

Normal*2|Advanced

Rn
T
=z
N
<
(¢}

EEPMOV

EEPMOV.B — 4 | if R4LZO el el e e e 4+2n*S

Repeat @ER5 - @ER6
ER5+1 - ERS
ER6+1 - ERG6
R4L-1-R4L

Until R4L=0

else next;

EEPMOV.W — 4 | if R4z0 ) Y B P 2+on'5

Repeat @ER5 - @ER6
ER5+1 - ERS
ER6+1 - ERG6
R4-1-R4

Until R4=0

else next;

Notes:

*1:
*2:
*3:
*4:
*5:
1]
[2
3]
[4]
(5]
(61

[7]

(8]
(9]
[10]
[11]
[12]

23]

The number of states is the number of states required for execution when the instruction and its operands are located in on-chip memory.

Some products do not support normal mode. Refer to the hardware manual for the relevant product.

Figures in parentheses are for the H8S/2000 CPU.

Applies only to the H8S/2600 CPU.

n is the initial value of R4L or R4.

7 states when the number of restored/saved registers is 2, 9 states when 3, and 11 states when 4.

Cannot be used with these series.

Set to 1 when there is a carry from or borrow to bit 11; otherwise cleared to 0.

Set to 1 when there is a carry from or borrow to bit 27; otherwise cleared to 0.

If the result is zero, the previous value of the flag is retained; otherwise the flag is cleared to 0.

One additional state is required for execution immediately after a MULXU, MULXS, or STMAC instruction. Also, a maximum of three additional states
are required for execution of a MULXU instruction within three states after execution of a MAC instruction. For example, if there is a one-state instruction
(such as NOP) between a MAC instruction and a MULXU instruction, the MULXU instruction will be two states longer.

A maximum of two additional states are required for execution of a MULXS instruction within two states after execution of a MAC instruction. For
example, if there is a one-state instruction (such as NOP) between a MAC instruction and a MULXS instruction, the MULXS instruction will be one state
longer.

Set to 1 if the divisor is negative: otherwise cleared to 0.

Set to 1 if the divisor is zero; otherwise cleared to 0.

Set to 1 if the quotient is negative; otherwise cleared to 0.

The result of a MAC instruction is reflected in the flags by executing an STMAC instruction.

A maximum of three additional states are required for execution of this instruction within three states after execution of a MAC instruction. For example,
if there is a one-state instruction (such as NOP) between the MAC instruction and this instruction, this instruction will be two states longer.

When EXR is valid, the number of states is increased by 1.
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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 accessis possible, such as on-chip memory. When the op code
or operand datais 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 per Cycle

Access Conditions

External Device

On-Chip
Supporting Module 8-Bit Bus 16-Bit Bus

Cycle On-Chip  8-Bit 16-Bit 2-State  3-State 2-State  3-State

Memory Bus Bus Access Access Access Access
Instruction fetch 1 2n n 4 6 +2m 2 3+m
Branch instruction
read
Stack operation
Byte data access n 2 3+m
Word data access 2n 4 6 +2m
Internal operation 1 1 1 1 1 1 1

Legend

m: Number of wait states inserted in external device access
n: Number of wait states inserted into on-chip supporting module access. Refer to the hardware
manual for the relevant product for the actual number.

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*

ERn General register (32-bit register)
MAC Multiply-and-accumulate register (32-bit register)
(EAd) Destination operand

(EASs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

Z 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

- Move

- 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-bit registers (ERO to ER7).
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2.6 Basic Bus Timing

The CPU isdriven by a system clock, denoted by the symbol @. The period from one rising edge
of gto the next isreferred to asa“state.” A bus cycle consists of one, two, or three states.
Different methods are used to access 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 (@). An external clock or crystal
oscillator of the same frequency as the @ clock should be used.

SCKCR

Y SCK2 to SCKO

Medium-
— speed >
clock divider| 8/21o | Bus master
EXTAL — /32 clock
.Duty selection
Oscillator [—— adjustment ™ circuit
XTAL - circuit
\j
System clock Internal clock Bus master
To @ pin To supporting clock
modules To CPU, DTC, DMAC

Basic Clock Timing

CPU Read/Write Cycles. The CPU operates on the basis of the @ clock. One g clock cycleis
called a state, and a bus 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.
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On-Chip Memory: On-chip memory is accessed in one state. The data busis 16 bits wide,
permitting both byte and word access.

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

Read ! !
access | 1
Internal data bus ] { Readdata )
_ Internal write signal A\ \/
Write |
access

Write data >—

N

» Pin States during On-Chip Memory Access

Address bus ! Unchanged

AS High
RD High
HWR, LWR High
Data bus 3High-impedan(:e statei

HITACHI
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On-Chip Supporting Module Access Timing: The on-chip supporting modules are accessed in
two states. The data busis either 8 bits or 16 bits wide, depending on the particular internal 1/0
register being accessed.

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

Bus cycle

: T1 ; T2
- e -

Internal address bus Address

JL

Internal read signal /
Read
access / \
Internal data bus \ Read data >—
Internal write signal \ /
Write
access f f
Internal data bus < Write data >—
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» Pin States during On-Chip Supporting Module Access

Bus cycle

Address bus Unchgnged

AS Hijgh
RD High
HWR, LWR High
Data bus High-impedance state

External Address Space Access Timing: 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 3.1, Bus Controller (BSC).
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2.7 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 exception handling is 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: Statein which CPU operation is stopped, and power consumption is kept low
(sleep 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
Program execution
state
End oftbus SLEEP
reques Bus instruction
request SLEEP with _
; . \SSBY =0
A instruction
with
Bus-released state SSBY =1
Request for |
E)?cdeOftion exception : —
handrl)ing handling Sleep mode
Interrupt
request
Exception-handling state
A External interrupt

m STBY = high, RES = low
Reset state -

-t

Software standby mode 3

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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2.8 Exception Handling

H8S5/2000 CPU exception handling isinitiated 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
A pin, or when the watchdog timer overflows. The chip enters

the power-on reset state when the NMI is high, or the
manual reset state** when the NMI pin is low.

Trace*! Valid only in interrupt control modes 2 and 3. 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) Always accepted in the program execution state. Started by
execution of a trap (TRAPA) instruction.

Notes: 1. Trace exception handling is not executed after execution of an RTE instruction.

2. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

3. Trap instruction exception handling is always accepted, in the program execution state.

4. Manual reset is not supported in the H8S/2357 (F-ZTAT and mask ROM versions) or in
the H8S/2352.
Please contact your Hitachi sales representative for information on manual reset in the
H8S/2345 Series.

Exception Handling Operation: Exceptions originate from various sources. 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 exception source is generated, and program execution
starts from that 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**

Normal Mode*?

Advanced Mode

Reset 0 H'0000 to H'0001 H'0000 to H'0003

Reserved for system use 1 H'0002 to H'0003 H'0004 to H'0007

2 H'0004 to H'0006 H'0008 to H'000B

3 H'0006 to H'0007 H'000C to H'000F

4 H'0008 to H'0009 H'0010 to H'0013

5 H'000A to H'000B H'0014 to H'0017

Direct transition 6 H'000C to H'000D H'0018 to H'001B

External interrupt NMI 7 H'000E to H'000F H'001C to H'001F

Trap instruction (4 sources) 8 H'0010 to H'0011 H'0020 to H'0023

9 H'0012 to H'0013 H'0024 to H'0027

10 H'0014 to H'0015 H'0028 to H'002B

11 H'0016 to H'0017 H'002C to H'002F

Reserved for system use 12 H'0018 to H'0019 H'0030 to H'0033

13 H'001A to H'001B H'0034 to H'0037

14 H'001C to H'001D H'0038 to H'003B

15 H'001E to H'001F H'003C to H'003F

External interrupt IRQO 16 H'0020 to H'0021 H'0040 to H'0043

IRQ1 17 H'0022 to H'0023 H'0044 to H'0047

IRQ2 18 H'0024 to H'0025 H'0048 to H'004B

IRQ3 19 H'0026 to H'0027 H'004C to H'004F

IRQ4 20 H'0028 to H'0029 H'0050 to H'0053

IRQ5 21 H'002A to H'002B H'0054 to H'0057

IRQ6 22 H'002C to H'002D H'0058 to H'005B

IRQ7 23 H'002E to H'002F H'005C to H'005F

Internal interrupt*? 24 H'0030 to H'0031 H'0060 to H'0063
to to to

103 H'00B6to H'00B7 H'019C to H'019F

Notes: 1. Lower 16 bits of the address.

2. Refer to the hardware manual for the relevant product for details of the internal interrupt
vector table.

3. Some products do not support normal mode. Refer to the hardware manual for the

relevant product.

HITACHI
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2.9 Interrupts

Interrupts are controlled by the interrupt controller. Interrupt sources comprise external interrupts
from the external pins and internal interrupts from on-chip supporting modules. The interrupt
control modes and the number of interrupt sources depend on the product. A separate vector
number is assigned to each interrupt.

H8S/2655  H8S/2350  H8S/2355  H8S/2357  H8S/2345

Item Series Series Series Series Series
Internal interrupts 52 42 47 52 43
External interrupts 9 9 9 9 9
Interrupt control modes 0,1,2,3 0,2 0,2 0,2 0,2

Interrupt Control: Any of four interrupt control modes (depending on the product series) can be
set by means of the INTM 1 and INTMO bits in 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 control register (ICR) and interrupt priority
register (IPR), and the masking conditions set by the | and Ul bitsin CCR and bits12to 10 in
EXR.

NMI isthe highest-priority interrupt, and is always accepted.
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Block Diagram of Interrupt Controller

| INTM1 INTMO

CPU

| CCR

SYSCR|
NMIEG # L
NMI input = NMI input unit - Interrupt
request
IRQinput — IRQ input unit —— Vector
ISR
number
ISCR IER Priority
determination
. I, Ur*
Internal interrupt
request | 12 16 10
Interrupt controller
Legend:
ISCR : IRQ sense control register
IER 1 IRQ enable register
ISR . IRQ status register
IPR : Interrupt priority register
ICR : Interrupt control register

SYSCR : System control register
Note: * Only applies to the H8S/2655 Series.
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Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt
Control Mode INTM1 INTMO Registers Mask Bits Description
0 0 0 ICR*1 I Interrupt mask control is
performed by the | bit.
Priority can be set with ICR.*1
1*2 1 ICR I, Ul 3-level interrupt mask control is
performed by the | and Ul bits.
Priority can be set with ICR.*1
2 1 0 IPR 12to 10 8-level interrupt mask control is
performed by bits 12 to 10.
8 priority levels can be set with
IPR.
3*2 1 ICR*1, I, Ul, Control is performed by a
IPR 12to 10 combination of interrupt masking

set by the | and Ul bits and priority
setting by ICR, based on 8-level
interrupt mask control performed
by bits 12 to 10 and 8-level priority
setting by IPR.

Notes: 1. ICR only applies to the H8S/2655 Series.

2. Setting prohibited in the H8S/2350 Series, H8S/2355 Series, H8S/2357 Series, and
H8S/2345 Series.
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» Block Diagram of Interrupt Control Operation

[ 12to 10

o] || e

Interrupt acceptance Default priori
Interrupt N control and >| 8-level mask control 3 detorn Lpriory Vector
sourceé  ——"| 3-level mask control determination number

Interrupt control modes Interrupt control modes
0, 1*, and 3* 2 and 3*

Note: * Only applies to the H8S/2655 Series.

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. Control level setting can be performed
with ICR*. Interrupts are enabled when the | bit is cleared to O, and disabled when set to 1.

Control level 1 interrupt sources have higher priority*.

Interrupt Control Mode 1*: Three-level masking can be implemented for IRQ interrupts and on-
chip supporting module interrupts by means of the | and Ul bitsin CCR, and ICR.

e Control level O interrupt requests are enabled when the | bit is cleared to 0, and disabled when
setto 1.

e Control level 1 interrupt requests are enabled when the | bit or Ul bit is cleared to 0, and
disabled when both the | bit and the Ul bit are set to 1.

Interrupt Control Mode 2: Eight-level masking isimplemented for IRQ interrupts and on-chip
supporting module interrupts by comparing the interrupt mask level set by bits12to 10 of EXR in
the CPU with IPR.
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Interrupt Control Mode 3*: Control of IRQ interrupts and on-chip supporting module interrupts
is performed by a combination of interrupt masking set by the | and Ul bits and control level
setting by ICR, based on 8-level interrupt mask control performed by comparing the interrupt
mask level in the CPU’s EXR (bits 12 to 10) and the priority set in IPR.

e Control level O interrupt requests are enabled when the | bit is cleared to 0, and disabled when
setto 1.

e Control level 1 interrupt requests are enabled when the | bit or Ul bit is cleared to 0, and
disabled when both the | bit and the Ul bit are set to 1.

« Eight-level priority control is performed when the | bitis cleared to 0.

Note: * Only appliesto the H8S/2655 Series.
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210 Operating Modes

The operating mode allows the selection of initial settings for the CPU operating mode,
enabling/disabling of on-chip ROM, and bus width, by setting the mode pins (MD, to MDy).

The supported operating modes depend on the product. Refer to the hardware manual for the
relevant product.

2101 Normal Modes(Modes1to 3)

Mode 1 (on-chip ROM disabled expanded mode): The CPU can access a 64-kbyte address
space in normal mode. The on-chip ROM is disabled, and 8-bit bus mode is set, immediately after
areset.

Mode 2 (on-chip ROM enabled expanded maode): The CPU can access a 64-kbyte address space
in normal mode. The on-chip ROM is enabled, and 8-bit bus mode is set, immediately after a
reset.

M ode 3 (single-chip mode): The CPU can access a 64-kbyte address space in normal mode. The
on-chip ROM is enabled, but external addresses cannot be accessed.
All 1/O ports are available for use as input-output ports.

2.10.2 Advanced Modes (Modes4to7)

Mode 4 (on-chip ROM disabled expanded mode*): The CPU can access a 16-Mbyte address
space in advanced mode. The on-chip ROM is disabled.

Theinitial bus mode after areset is 16 bits, with 16-bit accessto all areas. However, note that if
8-hit access is designated by the bus controller for all areas, the bus mode switches to 8 hits.

Mode 5 (on-chip ROM disabled expanded mode*): The CPU can access a 16-Mbyte address
space in advanced mode. The on-chip ROM is disabled.

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

M ode 6 (on-chip ROM enabled expanded maode): The CPU can access a 16-Mbyte address
space in advanced mode. The on-chip ROM is enabled.

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

Note: * Inthe H8S/2345 Series, the upper address signals (Ax3 to Ayg) are not output immediately
after areset in mode 4 or 5. To output the upper address signals (A3 to Ay), the
corresponding PLDDR (port 1 data direction register) bits must be set to 1 beforehand.
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Mode 7 (single-chip mode): 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.

Modes8 and 9 (F-ZTAT™ versionsonly): Modes 8 and 9 are not supported and must not be set.

2.10.3 Boot Modes (Modes 10 and 11)

Mode 10 (F-ZTAT™ versions only: advanced on-chip ROM enabled expanded mode): This
isaflash memory boot mode.

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas.

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: advanced single-chip mode): Thisis aflash memory boot
mode.

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.

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.

Modes 12 and 13 (F-ZTAT ™ versionsonly): Modes 12 and 13 are not supported and must not
be set.

2104  User Program Modes (Modes 14 and 15)

Mode 14 (F-ZTAT™ versions only: advanced on-chip ROM enabled expanded mode): This
isaflash memory user program maode.

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas.

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: advanced single-chip mode): Thisis aflash memory user
program mode.

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.

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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M CU Operating Modesin Each Product

MCU Operating H8S/2655 H8S/2350 H8S/2355 H8S/2357 H8S/2345
Mode Series Series Series Series Series
0 — — — — —

1 O O O — O*2

2 O Or1 O — O*2

3 O ot O — O*2

4 O O O O O

5 O O O O O

6 O Ot O O O

7 O Ort O O O

8 — — _ — —

9 — — — - —

10 — — _ O3 O*3
11 — —_ _ O*a O* 3
12 — — — — —

13 — — — — —

14 — — — O3 O*s
15 — _ _ 0*3 O* 3

Notes: 1. Can only be set in the H8S/2351.

2. Can only be set in the H8S/2345 ZTAT and mask ROM versions and the H8S/2343.

3. Can only be set in the F-ZTAT version.

(O:Available

HITACHI
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Section 3 Supporting Modules

31 Bus Controller (BSC)

These Series has 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). (Depends on the
product; refer to the hardware manual for the relevant product for details.)

Comparison of Product Series Functions

H8S/2655  H8S/2350  H8S/2355  H8S/2357  H8S/2345

Item Series Series Series Series Series
Area partitioning (bytes) 128 k/2M 2M 2M 2M 2M
DRAM interface Available Available — Available —

(3 kinds) (1 kind) (1 kind)
Pseudo-SRAM interface Available — — — —
Burst ROM interface Available Available Available Available Available
Write buffer function Available Available — Available —
Chip select signals CS0 to CS7 CSO0to CS7 CSOto CS7 CSOto CS7 CSOto CS3
Bus requests output Available Available — Available —
Features

» Manages external address space in area units
O In advanced mode, manages the external space as 8 areas of 128-kbytes/2-Mbytes
O Innorma mode, manages the external space asasingle area
0 Bus specifications can be set independently for each area
0 DRAM/PSRAM/burst ROM interfaces can be set

» Basic businterface
0 Chip select (CSO to CS7) can be output for areas 0 to 7 (only CS0 to CS3 in the H8S/2345
Series)
0 8-hit access or 16-bit access can be selected for each area
2-state access or 3-state access can be selected for each area
O Program wait states can be inserted for each area

O
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DRAM interface
0 DRAM interface can be set for areas 2 to 5 (in advanced mode)

Pseudo-SRAM (PSRAM) direct interface*
O PSRAM interface can be set for areas 2 to 5 (in advanced mode)

Burst ROM interface
O Burst ROM interface can be set for area 0

Idle cycle insertion
O Anidlecycle can beinserted in an externa read cycle between different areas

O Anidlecyclecan beinserted in an external write cycle immediately after an external read
cycle

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

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

Other features
O Refresh counter (refresh timer) can be used asan interval timer
O External bus release function

Note: * Only appliesto the H8S/2655 Series.
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Block Diagram (Example of H85/2655 Series)

CS0 to CS7
Internal
Area decoder address bus
ABWCR K >
External bus control signals ASTCR K )l
BCRH K P
BCRL K >
BREQ -
BACK = Bus Internal control
BREQO = controller signals
j — Bus mode signal
e Wait »
e
WAIT controller wcrRH K > 2
©
wcrL K )8
©
£
2
L DRAM/PSRAM £
controller
External DRAM/ L
PSRAM control DRAMCR K 3
signals
RTCNT K >
RTCOR K p
~+—— CPU bus request signal
—— DTC bus request signal
— Bus arbiter ~+—— DMAC bus request S|gnél
— CPU bus acknowledge signal
— DTC bus acknowledge signal
— DMAC bus acknowledge signal
Legend:
ABWCR : Bus width control register WCRL : Wait control register L
ASTCR : Access state control register MCR : Memory control register
BCRH  : Bus control register H DRAMCR : DRAM control register
BCRL  : Bus control register L RTCNT  : Refresh timer counter
WCRH : Wait control register H RTCOR : Refresh time constant register
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Bus Specifications: The external 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.

The following bus specifications can be set by means of the bus controller control register.

Bus Specifications for Each Area (Basic Bus I nterface)

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

Memory Interfaces. Memory interfaces comprise a basic bus interface that allows direct
connection of ROM, SRAM, and so on; a DRAM interface that allows direct connection of
DRAM; a PSRAM interface that allows direct connection of PSRAM; and a burst ROM interface
that allows direct connection of burst ROM. The interface can be selected independently for each
area.

Notes: 1. The DRAM interface applies only to the H8S/2655 Series, H8S/2350 Series, and
H8S/2357 Series.

2. The pseudo-SRAM interface applies only to the H8S/2655 Series.
311 Basic BusInterface

Thisinterface can be designated for areas 0 to 7. When external address space is accessed, the
chip select signal (CSO to CS7) for each area can be output (only CS0 to CS3 in the H8S/2345
Series).

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

Bus cycle
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Basic Bus Timing (Word Accessto 16-Bit 2-State Access Space)
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Bus cycle
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Address bus

Note: n=0to 7

Basic Bus Timing (Word Accessto 16-Bit 3-State Access Space)
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312 DRAM Interface

In advanced mode, external space areas 2 to 5 can be designated as DRAM space, and DRAM
interfacing performed. With the DRAM interface, DRAM can be directly connected to the
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 as the
RAS pin.

Features
e 2/4/8-Mbyte or 128*/256* /512* -kbyte DRAM space can be set

* Address multiplexing
O Row address and column address are multiplexed.
O Selection of 8, 9, or 10 bits as the row address shift size

e Basictiming
O 4-state basic timing
O Wait state insertion possible

 DRAM interface
O Selection of 2-CAS system (LCASS = 1)*, 2-CAS system (LCASS = 0), or 2-WE system*
for control signals required for byte access, according to the kind of DRAM

» Burst operation
O Fast page mode

* Refresh control
O Selection of CAS-before-RAS refreshing or self-refreshing
O Canbeused asinterval timer

Note: * Can only be set in the H8S/2655 Series.
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DRAM Basic Timing
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A23 to Ao ix

csn (RAS)_|

CAS (UCASLI

Byte control

LCAS (LCASLI

HWR (WE) |

Note: n=2t05

2-CAS System Control Timing (LCASS = 0) (Upper Byte Write Access)

2-CAS type 4-Mbit DRAM

H8S/2000 256-kbyte x 16-bit configuration
(Address shift size set to 9 bits) 9-bit column address
CS (RAS) % RAS
CAS (UCAS), UCAS
LCAS (LCAS), = LCAS
HWR (WE), > WE
Ag ™ Ag Low address
Ag A; input: Ag to Ag
A As _Colur_nn address
input: Ag to Ag
As As
As = Ay
Ay ™Az
Az Ay
Az A1
A1 ™1 Ao
Dy5to Dy D5 to Do oF

T

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

|

|

Byte control i
LWR (LWE)

|

Note: n=2to 5

2-WE System Control Timing (Upper

Byte Write Access)

H8S/2000

(Address shift size set to 8 bits) %

2-WE type 4-Mbit DRAM
256-kbyte x 16-bit configuration
8-bit column address

CSn (RAS) -

CAS

HWR (UWE)

LWR (LWE) -

D15 to DO <

Note: n=2t05

RAS
CAS
UWE
LWE
Ag

Ag Low address
input: Ag to Ag
A7

Column address

As input: A7 to Ag
As

Ay

Az

Az

A1

Ao

Dj5 to Dy oF

T
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3.13 Pseudo-SRAM Interface

(H8S/2655 Seriesonly)

In advanced mode, external space areas 2 to 5 can be designated as pseudo-SRAM (PSRAM)
space, and PSRAM interfacing performed. Selectable PSRAM space setting are: one area (area 2);
two areas (areas 2 and 3); and four areas (areas 210 5).

Features

2/4/8-Mbyte or 128/256/512-kbyte PSRAM space can be set

Signal multiplexing

0 Multiplexing of the refresh signal (RFSH) and the output enable signal (OE)
Basic timing

0 4-state basic timing

O Wait state insertion possible

Burst operation
O Static column mode

Refresh control
O Selection of auto-refreshing or self-refreshing
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PSRAM Basic Timing
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314 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 a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

Full access Burst access

Ty ‘ T, ‘ T3 T1 ‘ T, Ty ‘ T,

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

CSO

RD r
Data bus —< Read data >—< Read data >—< Read data >‘

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

: ( \/ } :
Address bus ><Only lower ad/d\ress changed

Data bus 4< Read data ><Read data><Read data>i
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Example of Burst ROM Access Timing (When ASTO=BRSTS1=0)
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3.2 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.

Product Serieswith On-Chip DMAC

HB8S/2655 Series H8S/2350 Series H8S/2355 Series H8S/2357 Series H8S/2345 Series

Available Available — Available —

Features

» Choice of short address mode or full address mode
Short address mode
O 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 bits and the other as16 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

O Maximum of 2 channels can be used

O Transfer source and transfer destination address specified as 24 bits
0 Choice of normal 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 (SCI0, SCI1) transmission complete interrupt, reception
complete interrupt

O A/D converter conversion end interrupt
O Externa reguest
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O Auto-request

« Module stop mode can be set

O Theinitial setting enables DMAC registers to be accessed. DMAC operation is halted by
setting modul e stop mode

Block Diagram

Internal address bus

Internal interrupts m
TGIOA  — — Address buffer
TGIIA —» —
TGI2A —» _
TGI3A >/ Processor
TGI4A —»]
TGISA —»| 3 MAROA
TXIO — T
RXI0O  —» ol £ IOAROA w
XI1 . Control logic E 5 ETCROA a
RXI1 — S o] ol
ADI 8|8 MAROB s
External pins - [C|E IOAROB 2
DREQOD —= ksl 3
DREQL —»| DMAWER o ETCROB S
TENDO ~=— DMATCR 3 MAR1A
TEND1 -~ T
DACKO -~ DMACROA % £ IOARIA
| DA_CK1I —- DMACROB €5 ETCR1A
nterrupt signals S [ m |
DENDOA — DMACR1A 5 = MAR1B
DENDOB ~=—— DMACR1B c IOAR1B
[]
NI = [ DmABCR 5 ETCRIB
| Data buffer |

0

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/O address register
ETCR : Executive transfer counter register

Block Diagram of DMAC
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3.3 Data Transfer Controller (DTC)

The data transfer controller (DTC) can be activated by an interrupt or software to perform data
transfer. Multichannel data transfer can be carried out, and a variety of transfer modes are
available.

Product Serieswith On-Chip DTC

HB8S/2655 Series H8S/2350 Series H8S/2355 Series H8S/2357 Series H8S/2345 Series

Available Available Available Available Available

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)

* Widerange of transfer modes
O Normal, repeat, and block transfer modes available

O Incrementing, decrementing, and fixing of transfer source and destination addresses can be
selected

» Direct specification of 16-Mbyte address space possible
O Transfer source and transfer destination address specified as 24 bits

» Transfer can be set in byte or word units

* A CPU interrupt 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 the specified data transfers have
completely ended

e Activation by software is possible

* Module stop mode can be set

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

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
[ :
o
T
: o g £
Interrupt W o Wl |w = L
= 0 ‘
request) 8*"8 E 3 = o Q;:EE C> E !
o) alla c5 c Si</mAun 9 .
Lo Q x| [
g2 | © <|lo|o > |
= o [T
o= = x .
N !
8]
—
O D
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: DTC enable registers A to F
DTVECR: DTC vector register
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Data Transfer Operation: When activated, the DTC reads register information that is already
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 transfersin response to a single activation source (chain transfer).

» Flowchart of DTC Operation

Start

\J
Read DTC vector

Next transfer

v

Read register information

v

Data transfer

v

Write register information

i

No

Transfer counter =

or DISEL =12 Yes
Y
Clear an activation flag Clear DTCER
End Interrupt exception
handling
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DTC Activation Sources: The DTC is activated by an interrupt 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 a DTC activation source.

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

Interrupt Sourcesand 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 information —=| MRA SAR
start address MRB DAR Register information
. CRA CRB
Chain transfer
= MRA SAR ) ) )
Register information
MRB DAR for 2nd transfer
CRA CRB in chain transfer
4 bytes
/\/
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Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Interrupt Vector Vector
Interrupt Source Source Number  Address*l DTCE*2 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 DTCEB5S
input capture) channel O
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 DTCECS6
input capture) Low
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Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs (cont)

Origin of

Interrupt Vector Vector
Interrupt Source Source Number Address*1 DTCE*2 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 DTCED3
CMIBO channel 0 65 H0482  DTCED2
CMIAL 8-bit timer 68 H'0488 DTCED1
CMIB1 channel 1 69 H'048A  DTCEDO
DMTENDOA (DMAC transfer end 0) DMAC 72 H'0490 DTCEE7
DMTENDOB (DMAC transfer end 1) 73 H'0492 DTCEE6
DMTEND1A (DMAC transfer end 2) 74 H'0494 DTCEES
DMTEND1B (DMAC transfer end 3) 75 H'0496 DTCEE4
RXI0 (reception complete 0) SCI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0) channel 0 82 H04A4  DTCEE2
RXI1 (reception complete 1) SClI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channel 1 86 H04AC  DTCEEO
RXI2 (reception complete 2) SCI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2) channel 2 90 H04B4  DTCEF6 Low

Notes: 1. Lower 16 bits of the start address.

2. The on-chip modules differ from product to product. DTCE bits with no corresponding
interrupt are reserved, and must be cleared to 0.
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DTC Operation Timing (Examplein Normal Mode or Repeat M ode)

° Sy L
DTC activation \
request /

DTC \
request /

Data transfer

Vector read

e
e O OO0k OO0
-~ -

Transfer Transfer
information read information write
DTC Execution Statuses
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 CRAH and CRAL)
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* Number of States Required for Each Execution Status

On- On-
Chip  Chip  On-Chip I/O
Object to be Accessed RAM ROM Registers External Devices
Bus width 32 16 8 16 8 16
Access states 1 1 2 2 2 3 2 3
Execution Vectorread S, — 1 — — 4 6+2m 2 3+m
status Register S, 1 — — — — — — —
information
read/write
Bytedata S, 1 1 2 2 2 3+m 2 3+m
read
Worddata S, 1 1 4 2 4 6+2m 2 3+m
read
Bytedata S, 1 1 2 2 2 3+m 2 3+m
write
Worddata S, 1 1 4 2 4 6+2m 2 3+m
write
Internal Sy 1
operation

The number of execution states is calculated from the formula below. Note that > means the sum
of al transfers activated by one activation event (the number in which the CHNE bit is set to one,
plus1).

Number of execution states =1-S,+%(J-S;,+ K-Sy +L-S)+ M-S,
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34 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, pulse width measurement, and two-phase encoder processing,
and can activate the data transfer controller (DTC). It can also generate an A/D converter start
trigger.

Product Serieswith On-Chip TPU

HB8S/2655 Series H8S/2350 Series H8S/2355 Series H8S/2357 Series H8S/2345 Series

Available Available Available Available Available

Features

* 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

0 TGRC and TGRD for channels 0 and 3 can aso be used as buffer registers

» Selection of 8 counter input clocks for each channel

» Thefollowing operations can be set for each channel:
O Waveform output at compare match: Selection of O, 1, or toggle output
O Input capture function: Selection of rising edge, falling edge, or both edge detection
0 Counter clear operation: Counter clearing possible by compare match or input capture
0 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

0 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
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Phase counting mode settable independently for each of channels 1, 2, 4, and 5
O Two-phase encoder pulse up/down-count possible

Cascaded operation

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

Fast access viainternal 16-bit bus
0 Fast accessispossible viaa 16-bit interface

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*
0 Channel 0to 3 compare match/input capture signals can be used as PPG output trigger

A/D converter conversion start trigger can be generated

0 Channé 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 Theinitia setting isfor TPU operation to be halted. Register accessis enabled by clearing
modul e stop mode.

Note: * The H85/2355 Series and H85/2345 Series do not have aDMAC or PPG.
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Block Diagram

Input/output pins

Channel 3: TIOCA3
TIOCB3
TIOCC3
TIOCD3
Channel 4: TIOCA4
TIOCB4
Channel 5: TIOCA5
TIOCB5

<>

Clock input

Internal clock: g/1
al4
/16
/64
/256

/1024 |:

/4096
External clock: TCLKA
TCLKB
TCLKC
TCLKD

Input/output pins

Channel 0: TIOCAO
TIOCBO
TIOCCO
TIOCDO
Channel 1: TIOCA1
TIOCB1
Channel 2: TIOCA2
TIOCB2

<>

Interrupt request signals
Channel 3: TGI3A
TGI3B
TGI3C
TGI3D
TCI3V

:> Channel 4: TGI4A
TGl4B
TCl4v
TCl4U
Channel 5: TGI5A
TGI5B
TCI5V
TCI5U

~ > Internal data bus
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——> PPG output trigger signal

Interrupt request signals
Channel 0: TGIOA
TGIOB
TGIOC
TGIOD
TCIlovV
Channel 1: TGI1A
TGI1B
TCllv
TCIlU
Channel 2: TGI2A
TGI2B
TCl2V
TCl2U

AID conversion start request signal
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35 Programmable Pulse Generator (PPG)

A built-in programmable pulse generator (PPG) provides pulse outputs by using the 16-bit timer-
pulse unit (TPU) as atime base. The PPG pulse outputs are divided into 4-bit groups (group 3 to
group 0) that can operate both simultaneously and independently.

Product Serieswith On-Chip PPG

H8S/2655 Series H8S/2350 Series H8S/2355 Series H8S/2357 Series H8S/2345 Series

Available Available — Available —

Features

e 16-bit output data
0 Maximum 16-bit data can be output, and 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 up to four different 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 mode
O A non-overlap margin can be provided between pulse outputs.

e 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 sequential output of datawithout CPU intervention.

e Settable inverted output
O Inverted data can be output for each group.

e Module stop mode can be set

O Theinitia setting is for PPG operation to be halted. Register accessis enabled by clearing
modul e stop mode.
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Block Diagram

PO15 =—
PO14 -— Pulse output
PO13 =— pins, group 3
PO12 -=—
PO11 =—
PO10 -— Pulse output
PO9 - pins, group 2
PO8 ~=—j
PO7 —=—
PO6 -+— Pulse output
PO5 -==— pins, group 1
PO4 —=—
PO3 —=—
PO2 -=— Pulse output
POl - pins, group 0
PO0O —=—j

Legend:

PMR
PCR
NDERH
NDERL
NDRH
NDRL
PODRH
PODRL

Compare match signals

Ly

Control logic

NDERH

NDERL

PMR

PCR

PODRH

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
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3.6 8-Bit Timers

The 8-bit timer module has two channels based on an 8-bit counter. Each channel has an 8-bit
counter (TCNT) and two time constant registers (TCORA and TCORB) that are constantly
compared with the TCNT value to detect compare match events. The 8-bit timer module can thus
be used for avariety of functions, including pulse output with an arbitrary duty cycle.

Product Serieswith On-Chip

H8S/2655 Series H8S/2350 Series H8S/2355 Series H8S/2357 Series H8S/2345 Series

Available — Available Available Available

Features

» Sdlection of four clock sources

O The counters can be driven by one of three internal clock signals (2/8, @/64, or @/8192) or
an external clock input (enabling use as an external event counter).

» Selection of three ways to clear the counters
0 The counters can be cleared on compare match A or B, or by an external reset signal.

« Timer output control by a combination of two compare match signals

O Thetimer output signa in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to generate output waveforms with an arbitrary
duty cycle or PWM output.

» Provision for cascading of two channels

0 Operation asa 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).

O Channel 1 can be used to count channel 0 compare matches (compare match count mode).

e Threeindependent interrupts
O Compare match A and B and overflow interrupts can be requested independently.

» A/D converter conversion start trigger can be generated
0 The channel 0 compare match A signal can be used as an A/D converter start trigger

* Module stop mode can be set

O Theinitia setting isfor 8-bit timer operation to be halted. Register access is enabled by
clearing module stop mode.
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Block Diagram

External clock source Internal clock sources

TMCIO 2/8
TMCI1 /64
/8192
Yy ¥V Y Vv %
Clock 1
Clock select Clock 0
] | TCORAQ TCORAL
Compare match Al, K) K)
_ Compare match A0| Comparator A0 Comparator A1
TMOO ~—| Overflow 1 (ﬁ (ﬁ s
TMRIO —] ~ Overflow 0 | Ttento ] TNt K
Clear 0
/ Clear 1 / ‘ ‘
_ Compare match B1,
Compare match BO| Comparator BO Ii' Comparator B1 |
TMO1 ~ Control logic L
TMRI1 — (ﬁ (ﬁ
| TCORBO TCORB1 |<
>| TCSRO l:| TCSR1 |<
A/D conversion
start -
request signal :' TCRO I:' TCR1 |:

— CMIAO
—— CMIBO

— 0VIO

— CMIAl

—————————=CMiIB1l

= OVI1
Interrupt signals

Internal bus
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3.7 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.

Product Serieswith On-Chip WDT

H8S/2655 Series H8S/2350 Series H8S/2355 Series H8S/2357 Series H8S/2345 Series

Available Available Available Available Available

Features
» Switchable between watchdog timer mode and interval timer mode

*  WDTOVF output when in watchdog timer mode*

O If the counter overflows, the WDT outputs WDTOVF. It is possible to select whether or
not the entire H8S/2000 Series isreset at the same time. Thisinternal reset can be a power-
on reset or amanual reset.

Note: * The WDTOVF pin function is not available in the H8S/2357 and H8S/2345 F-ZTAT
Versions.

* Interrupt generation when in interval timer mode
O If the counter overflows, the WDT generates an interval timer interrupt.

« Choice of eight counter clock sources.
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Block Diagram

| Overflow a2 1
wov o 1| e | e
(interrupt request ~ /128 !
signal) 1 Clock |«——@/512 |
3 Clock select |« /2048 !
: /8192 !
T AUs | l—2/32768 |
WDTOVF ~—— |
! Resetl /131072 |
Internal reset signal* -=—— contro Internal clock :
S s
! [ g
} | RSTCSR | | TCNT |<»| TSCR | e
: |2
1 R
: Bus L=
Module bus interface D
b WDT - 1
Legend:
TCSR : Timer control/status register
TCNT : Timer counter
RSTCSR : Reset control/status register
Note: * The type of internal reset signal depends on a register setting. Either power-on reset or manual
reset can be selected.
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3.8 Serial Communication Interface (SCI)

The serial communication interface (SCI) can handle both asynchronous and clocked synchronous
serial communication. A function is also provided for serial communication between processors
(multiprocessor communication function). The number of on-chip channels depends on the
product series.

Product Serieswith On-Chip SCI

H8S/2655 Series H8S/2350 Series H8S/2355 Series H8S/2357 Series H8S/2345 Series

3 channels 2 channels 3 channels 3 channels 2 channels

Features

* Choice of asynchronous or clocked synchronous serial communication mode
Asynchronous mode

O Seria data communication executed using asynchronous system in which synchronization
is achieved character by character

O Serial data communication can be carried out with standard asynchronous communication
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

O A multiprocessor communication function is provided that enables serial data
communication with a number of processors

[0 Choice of 12 seria data communication formats

Data length: 7 or 8 bits
Stop bit length: 1 or 2 bits
Parity: Even/odd/none

Multiprocessor hit: 1 or 0
O Receive error detection: Parity, overrun, and framing errors

0 Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error

Synchronous mode
O Serial data communication synchronized with a clock

O Serial datacommunication can be carried out with other chips that have a synchronous
communication function

O One serial data communication format
Data length: 8 hits
O Receive error detection: Overrun errors detected

O
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Full-duplex communication capability

O Thetransmitter and receiver are mutually independent, enabling transmission and reception
to be executed simultaneously

0 Dataregister double-buffering enables continuous transmission/reception

Selection of LSB-first or MSB-first transfer

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

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

Selection of transmit/receive clock source

O Aninternal clock from the baud rate generator or an external clock from the SCK pin can
be selected

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 data transfer controller (DTC) to execute data transfer

Note: * The H8S/2355 Series and H85/2345 Series do not have aDMAC.

Module stop mode setting

O Theinitia setting isfor SCI operation to be halted. Register accessis enabled by clearing
modul e stop mode.
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Block Diagram

()
[5)
<
Module data bus @ dlntergal
£ ata bus
>
@
ROR | | TOR | SCMR | BRR .
2l Ui SSR -0
RxD *| | RSR | | | TSR SCR Baud rate |=— 2/4
SMR generator | g/16
Transmission/
TXD reception control - 2/64
Parity generation A { Clock i
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
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3.9 Smart Card Interface

SCI supports an IC card (Smart Card) interface conforming to I SO/IEC 7816-3 (Identification
Card) as a seriadl communication interface extension function.

Product Serieswith On-Chip

H8S/2655 Series HB8S/2350 Series HB8S/2355 Series HB8S/2357 Series HB8S/2345 Series

3 channels 2 channels 3 channels 3 channels 2 channels

Features

* Asynchronous mode
O Datalength: 8 bits
O Parity bit generation and checking
O Transmission of error signal (parity error) in receive mode
O Error signal detection and automatic data retransmission in transmit mode
O Direct convention and inverse convention both supported

» On-chip 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 Thetransmit data empty interrupt and receive data full interrupt can activate the DMA
controller (DMAC)* or datatransfer controller (DTC) to execute data transfer

Note * The H8S/2355 Series and H85/2345 Series do not have aDMAC.
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Block Diagram

(0]
(5]
I}
Module data bus S Internal
=] data bus
>
M
| RoR | [ TDR SCMR | BRR L
g U SSR -0
RD= | RSR | || TsR SCR Baudrate [=— 0/4
SMR generator | g/16
Transmission/
TXD reception control - /64
Parity generation| 4 { Clock
Parity check
SCK =
= TXI
= RXI
Legend: = ERI
SCMR : Smart card mode register
RSR : Receive shift register
RDR  : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR : Serial status register
BRR : Bit rate register
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Outline of Operation
The main functions of the smart card interface are as follows.

e Oneframe consists of 8-bit data plus a parity bit.

e 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.

« If aparity error is detected during reception, alow error signal level is output for one etu
period, 10.5 etu after the start bit.

» If theerror signa is sampled during transmission, the same datais transmitted automatically
after the elapse of 2 etu or longer.

» Only asynchronous communication is supported; there is no clocked synchronous
communication function.

Vee
TxD %
Data line 110
RxD
SCK CLK
Clock line
Px (Port) RST
) Reset line
These series IC card
Connected equipment

Schematic Diagram of Smart Card I nterface Pin Connections
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Data Format

When receiving, a parity check is carried out on each frame, and if an error is detected an error
signal is returned to the transmitting side and data retransmission is requested. If an error signal is
sampled during transmission, the same data is retransmitted.

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 station

Legend output
Ds . Start bit
DO to D7 : Data bits
Dp : Parity bit
DE : Error signal
Smart Card Interface Data Format
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3.10 A/D Converter

The H85/2000 Series has an on-chip A/D converter with 10-bit precision. A/D converters are of
two kinds, type 1 and type 2. Analog signals can be input on up to eight channels by the program.

3101 Typel

Product Serieswith On-Chip

HB8S/2655 Series H8S/2350 Series H8S/2355 Series H8S/2357 Series H8S/2345 Series

Available — — — —

Features
* 10-bit resolution
* Input channels: 8 channels

» Settable analog conversion voltage range

O Conversion of analog voltages from 0V to V 4, with the reference voltage pin (V) asthe
analog reference voltage

» High-speed conversion
O Minimum conversiontime: 2.2 ps per channel (at 20 MHz operation)
1.0 ps per channel in continuous conversion

» Variety of conversion modes
0 Choice of select mode or group mode
0 Choice of single mode or scan mode
O Buffer operation possible
0 Simultaneous 2-channel sampling possible

* Threekinds of conversion start
O Choice of software or timer conversion start trigger (TPU or 8-bit timer), or ADTRG pin

» Eight dataregisters
O Conversion results held in adata register for each channel

e Sample and hold function

» A/D conversion end interrupt generation
O A/D conversion end interrupt (ADI) request can be generated at the end of A/D conversion
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* Module stop mode can be set

O Theinitia setting isfor A/D converter operation to be halted. Register accessis enabled by
clearing module stop mode.

Block Diagram

D/A conversion Internal
AVee —= circuit BUS I/F [~ yata bus
Viet —* O
A : ~  ADDRA -
ANO ——» | _S&HA ! =  ADDRB - o
o i =
ANl=—== =70 o 1 = ADDRC ~3
— = o ! | L
AN2 g | i i S |-—=| ADDRD - E
AN3— & | |- C 2 >
AN4 = £ | | SEHB Cmp | | B | TL_ADDRE iE
ANS s [+ : 3 § - ADDRF " g
ANG — =] o I 3 ADDRG -0
AN7 — = Lo . ! =  ADDRH >
K__>|ADCSR| ADCR K>
AVss —m A
—_ 8-bit timer or
ADTRG TPU conversion
start trigger
» ADI interrupt
Legend:
ADCR : A/D control register CMP  : Comparator array
ADCSR : A/D control status register S&H : Sample and hold circuit
ADDRA : A/D data register A ADDRE : A/D data register E
ADDRB : A/D data register B ADDREF : A/D data register F
ADDRC : A/D data register C ADDRG : A/D data register G
ADDRD : A/D data register D ADDRH : A/D data register H

Block Diagram of A/D Converter
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3102 Type2

Product Serieswith On-Chip WDT

H8S/2655 Series HB8S/2350 Series HB8S/2355 Series HB8S/2357 Series H8S/2345 Series

— Available Available Available Available

Features
e 10-bit resolution
e Input channels: 8 channels

» Settable analog conversion voltage range

0 Theanalog conversion voltage range is set with the reference voltage pin (V,¢) asthe
analog reference voltage.

« Conversiontime
O 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 on one channel
O Scan mode: Consecutive A/D conversion on oneto four channels

» Four dataregisters
O Conversion results are held in a 16-bit data register for each channel

» Sample and hold function

* Threekinds of conversion start
0 Selection of software or timer conversion start trigger (TPU or 8-bit timer*), or ADTRG
pin
Note: * The H8S/2350 Series has no 8-hit timers.

» A/D conversion end interrupt

O AnA/D conversion end interrupt (ADI) request can be generated at the end of A/D
conversion

* Module stop mode can be set

O Theinitia setting isfor A/D converter operation to be halted. Register accessis enabled by
clearing module stop mode.
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Block Diagram

Module data bus

Internal data bus

QA

Oy

Bus interface

— > A/D conversion
end interrupt

Conversion start
trigger from TPU
or 8-bit timer

%]
c
9
IS
AVce™ ™ 1S
e AlA|A]A AlA
| ‘5_% — D D|{D|D D| D
Vit —| 10-bit D/A < 188l |D|D|D|D c|cC
v R|R|R|R S | R
g A B| C|D R
AVss — ™ 9
[S]
>
%)
ANO ——» h
AN1 —» e _—
AN2 —= 5 [T ° OT—’; =
X , I
AN3 = | % ! Comparator Control circuit
AN4 ——» % | !
AN5 —— = | oo ‘
Sample-and-
AN6 hold circuit
AN7 ——»
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
Block Diagram of A/D Converter
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3.11 D/A Converter

The D/A converter has 8-bit resolution, and can output analog signals on up to two channels under
program control.

Product Serieswith On-Chip D/A Converter

H8S/2655 Series HB8S/2350 Series HB8S/2355 Series HB8S/2357 Series HB8S/2345 Series

Available Available Available Available Available

Features

D/A converter features are listed below

+ 8-bit resolution

» Two output channels

» Maximum conversion time of 10 ps (with 20 pF load)
* Output voltage of OV to V¢

» D/A output hold function in software standby mode

* Module stop mode can be set

O Theinitia setting isfor D/A converter operation to be halted. Register accessis enabled by
clearing module stop mode.

Operation

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

The output valueis: DADR contents

Vv
256 ref
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Block Diagram

Module data bus

Vit —»]
AVee —»
DAL = |
DA0 = |

AVgg ——»

8-bit

D/IA

DADRO
DADR1
DACR

Control circuit

Bus interface

Internal data bus

>
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312 RAM

The on-chip RAM is connected to the CPU by a 16-bit data bus, enabling both byte data and word
datato 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). The RAM size varies from product to product. Refer to the
hardware manual for the relevant product.

Product Serieswith On-Chip RAM

Series H8S/2655 H8S/2350 H8S/2355 H8S/2357 H8S/2345

Type Name H8S/2655 H8S/2653 H8S/2350 H8S/2351 H8S/2355 H8S/2353 H8S/2357 H8S/2352* H8S/2345 HB8S/2343

RAM (Bytes) 4k 4k 2k 2k 4k 2k 8k 8k 4k 2k
Note: * Under development

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

H'FFECO00 H'FFECO1
H'FFEC02 H'FFEC03
H'FFEC04 H'FFEC05
H'FFFBFE H'FFFBFF

Block Diagram of RAM (Example of 4-Kbyte RAM)
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313 ROM

The ROM is connected to the CPU by a 16-bit data bus, enabling both byte data and word data to
be accessed in one state. This makes possible rapid instruction fetches and high-speed processing.

With the flash memory versions, on-board erasing and programming is possible in addition to
erasing and programming using a dedicated PROM programmer.

Product Serieswith On-Chip ROM

Series H8S/2655 H8S/2350 H8S/2355 H8S/2357 H8S/2345

Type Name H8S/2655 H8S/2653 H8S/2350 H8S/2351 H8S/2355 H8S/2353 H8S/2357 H8S/2352 H8S/2345 HB8S/2343

ROM (Bytes) 128k 64k — 64k 128k 64k 128k — 128k 64k
ROM Type  ZTAT, Mask ROM ZTAT, ZTAT, ZTAT,
mask ROM mask ROM mask ROM, mask ROM,
F-ZTAT F-ZTAT*

Note: * Under development

Internal data bus (upper 8 bits)

A

Internal data bus (lower 8 bits)

H'000000 H'000001
H'000002 H'000003
H'O1FFFE HO1FFFF

ROM Block Diagram (Example of 128-Kbyte ROM)

PROM Programming

PROM versions suspend their microcomputer functions when placed in PROM mode, enabling the
on-chip PROM to be programmed. PROM programming can be done using the same
specifications as for the HN27C101 EPROM (Vpp = 12.5V). Use of a 120/128/100-pin-to-32-
pin socket adapter enables programming with acommercial PROM programmer. The address
range is H'00000 to H'1FFFF. Page programming is not supported.
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Features of Flash Memory

Four flash memory operating modes
O Program mode

O Erase mode

O Program-verify mode

O Erase-verify mode

Programming/erase methods
O 32 bytes programmed simultaneously
O Block erase

O Block erasing can be performed as required on 1-kbyte, 28-kbyte, 16-kbyte, 8-kbyte, and
32-kbyte blocks

Programming/erase times

O Programming time: 10 ms (typ.) per 32-byte programming operation
300 ps (typ.) per byte

O Erasetime: 100 ms (typ.) per block

Reprogramming up to 100 times

On-board programming modes
0 Boot mode
0 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

0 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 Programming, erasing, and verifying can be carried out using a general-purpose PROM
programmer
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Block Diagram

A

Internal address bus

Internal data bus (16 bits)

Module bus

Legend:

SYSCR2:
FLMCR1:
FLMCR2:

EBR1:
EBR2:
RAMER:

o, |
Qm
C> EBRL
C> EBR2
< [rAvER]—

Bus interface/controller

A

) 0

Flash memory
(128 kbytes)

System control register 2

Flash memory control register 1
Flash memory control register 2
Erase block register 1

Erase block register 2

RAM emulation register

Operating
mode

FWE pin
Mode pin
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Flash Memory Operating M odes

Mode Transitions: When the mode pins are set in the reset state and a reset-start is executed, the
MCU enter one of the operating modes shown 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.

Reset state
MD2=MD1 =1

User mode
with on-chip ROM

RES =0
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= MDO0= 0, P66= 1, P65= P64=0

Mode Transitions
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Section4 Power-Down Modes

In addition to the normal program execution state, the H8S/2000 series have power-down modes
in which operation of the CPU and oscillator is halted and power dissipation is reduced. Low-
power operation can be achieved by individually controlling the CPU, on-chip supporting
modules, and so on.

Overview
The H85/2000 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 Mode
When bits SCK2 to SCKO in the system clock control register (SCKCR) aresetto 1in
medium-speed mode is entered as soon as the current bus cycle ends. In medium-speed mode,
the CPU operates on the operating clock (¢/2, @4, @8, @16, or ¢32) specified by bits SCK2 to
SCKO. The bus masters other than the CPU (the DMAC and DTC) a so operate in medium-
speed mode. However, on-chip supporting modules other than the bus masters operate on the
high-speed clock (¢).
In medium-speed mode, a bus access is 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 I/O registersin eight states.)
Medium-speed modeis cleared by clearing bits SCK2 to SCKO0 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 bit in the standby control register (SBY CR)
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 supporting modules 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 Mode

Module stop mode allows individual on-chip supporting modules to be stopped.

When the MSTP bit corresponding to a particular supporting module 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 converter (type 2 only) are retained.

After reset release, all modules except the DMAC and DTC are in module stop mode.
Registers of modules set to module stop mode cannot be read or written.

Software Standby Mode

If a SLEEP instruction is executed when the SSBY bit in SBYCR isset to 1, in software
standby mode is entered. In this mode, the CPU, on-chip supporting modules, and oscillator all
stop. However, the contents of the CPU’ sinternal registers, on-chip RAM data, the states of
on-chip supporting modules other than the SCI, and A/D converter (type 2 only), and the states
of 1/0 ports, are retained.

Software standby mode is cleared by areset or a external interrupt. After the elapse of the
oscillation stabilization time, the program execution state is returned to viathe exception
handling state.

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

Hardware Standby Mode

When the STBY pin is driven 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 specified voltage is supplied, on-chip RAM
dataisretained. 1/0O ports go to the high-impedance state.

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the
STBY pin isdriven high while the RES pin islow, the reset state is entered and clock
oscillation is started. The RES pin must be held low until clock oscillation stabilizes. When
the RES pin is subsequently driven high, the program execution state is returned to via the
reset exception handling state.

In this mode, as in software standby mode, power consumption is extremely low since the
oscillator is stopped.
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Operation Modes

Operating  Transition CpPU Modules
Mode Condition Oscillator Registers Registers 1/0 Ports
High speed Control register Functions High Functions High Functions High speed
mode speed speed
Medium- Control register Functions Medium Functions High/  Functions High speed
speed mode speed medium

speed *!
Sleep mode Instruction Functions Halted Retained High Functions High speed

speed
Module stop Control register Functions High/  Functions Halted Retained/ Retained
mode medium reset *2

speed

Software Instruction Halted Halted Retained Halted Retained/ Retained
standby reset *2
mode
Hardware 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 (type 2 only) are reset, and other on-chip supporting

modules retain their state.

HITACHI
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Section 5 Guideto Products

51 H8S/2655 Series Features

The H85/2655 Series uses an H8S/2600 CPU core and offers high-speed arithmetic/logic and

multiply-and-accumul ate instruction execution plus powerful on-chip supporting functions,
including a high-speed A/D converter. These features provide easy implementation of

sophisticated, high-performance systems. The H8S/2655 Series a so includes a high-functionality

bus controller and multifunction, multichannel high-speed data transfer functions that make it

possible to control large-scale systems with large external memory.

Product Lineup

Product Name ROM (Bytes) RAM (Bytes) ROM Type*
H8S/2655 128k 4k Mz
H8S/2653 64k 4k M

Note: * M: Mask ROM version
Z. ZTAT version

High-Perfor mance H852600 CPU

* General register architecture

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

» High-speed operation suitable for real-time control

O All frequently used instructions executein 1 to 2 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: 150 ns (at 20 MHz operation)
O 16 + 8-hit register-register divide: 600 ns

O 16 x 16-bit multiply-and-accumul ate 200 ns

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

e Sixty-nine basic instructions
O 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions
O Multiply-and-accumulate instruction

HITACHI
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* Two CPU operating modes
O Normal mode: H8S/300 Series compatible, maximum 64-kbyte address space
O Advanced mode: Maximum 16-Mbyte address space

Bus Controller

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

DMA Controller (DMAC)

Data Transfer Controller (DTC)

Six 16-Bit Timer-Pulse Unit (TPU) Channels
Programmable Pulse Generator (PPG)

Two 8-Bit Timer Channels

OneWatchdog Timer (WDT) Channel

Three Serial Communication Interface (SCI) Channels
A/D Converter

* Resolution: 10 hits

e Input: 8 channels

» High-speed conversion: 2.2 ps minimum conversion time (at 20 MHz operation)
» Selection of select mode or group mode and single or scan mode

D/A Converter

* Resolution: 8 hits
e Output: 2 channels

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

* Nineexternal interrupt pins (NMI, IRQq to IRQ7)
e 52interna interrupt sources
» Selection of four interrupt control modes
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Power-Down state

e Medium-speed mode

» Sleep mode

e Module stop mode

» Software standby mode
e Hardware standby mode

Seven M CU Operating M odes

External Data Bus

HITACHI

CPU Operating On-Chip Initial Maximum

Mode Mode Description ROM Value  Value

1 Normal Expanded mode with on-chip ROM Disabled 8 bits 16 bits
disabled

2 Expanded mode with on-chip ROM Enabled 8 bits 16 bits
enabled
Single-chip mode Enabled — —

4 Advanced Expanded mode with on-chip ROM Disabled 16 bits 16 bits
disabled

5 Expanded mode with on-chip ROM Disabled 8 bits 16 bits
disabled

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

7 Single-chip mode Enabled — —

On-Chip Clock Pulse Generator (1:1 oscillation)

Packages

e 120-pin plastic TQFP (TFP-120)

e 128-pin plastic QFP (FP-128)
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Internal Block Diagram of H85/2655 Series
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5.2 H8S/2350 Series Features

The H85/2350 Series uses an H8S/2000 CPU core and includes a high-functionality bus controller
and multifunction, multichannel high-speed data transfer functions that make it possible to control
large-scale systems with large external memory. ROMIess and on-chip ROM versions are
available. The H85/2350 Series is pin-compatible with the H8S/2655 Series.

Product Lineup

Product Name ROM (Bytes) RAM (Bytes) ROM Type*
H8S/2351 64k 2k M
H8S/2350 — 2k L

Note: * M: Mask ROM version
L: ROMless version

High-Perfor mance H852000 CPU

* General register architecture

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

» High-speed operation suitable for real-time control

O All frequently used instructions executein 1 to 2 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

e Sixty-five basic instructions
O 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions

» Two CPU operating modes
0 Normal mode: H8/300 Series compatible, maximum 64-kbyte address space
0 Advanced mode: Maximum 16-Mbyte address space
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Bus Controller

e Maximum 8-Mbyte DRAM directly connectable (or use of interval timer possible)
DMA Controller (DMAC)

Data Transfer Controller (DTC)

Six 16-Bit Timer-Pulse Unit (TPU) Channels

Programmable Pulse Generator (PPG)

OneWatchdog Timer (WDT) Channel

Two Serial Communication Interface (SCI) Channels

A/D Converter

* Resolution: 10 bits

e Input: 8 channels

» Conversion time: 6.7 s (at 20 MHz operation)
» Selection of single or scan mode

D/A Converter

* Resolution: 8 bits
e Output: 2 channels

Thirteen 1/O Ports*

e 871/0 pins*, 8 input-only pins
Note: * PortsB, C, and D, and pins PFg to PF3, cannot be used as 1/0 portsin the H8S/2350.

Interrupt Controller

* Nine external interrupt pins (NMI, IRQO to IRQ7)
e 42interna interrupt sources
» Selection of two interrupt control modes
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Power-Down State

Medium-speed mode
Sleep mode

Module stop mode
Software standby mode
Hardware standby mode

Seven M CU operating modes

External Data Bus

CPU Operating On-Chip Initial Maximum

Mode Mode Description ROM Value  Value

1 Normal Expanded mode with on-chip ROM Disabled 8 bits 16 bits
disabled

2* Expanded mode with on-chip ROM Enabled 8 bits 16 bits
enabled

3* Single-chip mode Enabled — —

4 Advanced Expanded mode with on-chip ROM Disabled 16 bits 16 bits
disabled

5 Expanded mode with on-chip ROM Disabled 8 bits 16 bits
disabled

6* Expanded mode with on-chip ROM Enabled 8 bits 16 bits
enabled

7* Single-chip mode Enabled — —

Note: * Applies to the H8S/2351 only.

On-Chip Clock Pulse Generator (1:1 oscillation)

Packages

e 120-pin plastic TQFP (TFP-120)

e 128-pin plastic QFP (FP-128)
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Internal Block Diagram of H8S/2350 Series
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Note: * Applies to the H8S/2351 only.
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53 H8S/2355 Series Features

The H85/2355 Series uses an H8S/2000 CPU core and includes large-capacity ROM and RAM
and powerful on-chip supporting functions that enable high-speed, high-precision control of both
small- and large-scale systems. The H8S/2355 Series is pin-compatible with the H8S/2655 Series.

Product Lineup

Product Name ROM (Bytes) RAM (Bytes) ROM Type*
H8S/2355 128k 4k Mz
H8S/2353 64k 2k M

Note: * M: Mask ROM version
Z: ZTAT version

High-Perfor mance H852000 CPU

e General register architecture

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

» High-speed operation suitable for real-time control

O All frequently used instructions execute in 1 to 2 states
O 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-bit register-register divide: 1000 ns

e Sixty-five basic instructions
00 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions

» Two CPU operating modes
O Normal mode: H8/300 Series compatible, maximum 64-kbyte address space
O Advanced mode: Maximum 16-Mbyte address space
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Bus Controller

Data Transfer Controller (DTC)

Six 16-Bit Timer-Pulse Unit (TPU) Channels

Two 8-Bit Timer Channels

OneWatchdog Timer (WDT) Channel

Three Serial Communication I nterface (SCI) Channels
A/D Converter

* Resolution: 10 bits

e Input: 8 channels

« High-speed conversion: 6.7 ps (at 20 MHz operation)
» Selection of single or scan mode

D/A Converter

* Resolution: 8 bits
e Output: 2 channels

Thirteen 1/O Ports
e 871/0 pins, 8 input-only pins
Interrupt Controller

« Nine external interrupt pins (NMI, IRQO to IRQ7)
e 47 interna interrupt sources
e Selection of two interrupt control modes

Power-Down State

e Medium-speed mode

» Sleep mode

e Module stop mode

» Software standby mode
» Hardware standby mode
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Seven M CU Operating M odes

External Data Bus

HITACHI

CPU Operating On-Chip Initial Maximum

Mode Mode Description ROM Value  Value

1 Normal Expanded mode with on-chip ROM Disabled 8 bits 16 bits
disabled

2 Expanded mode with on-chip ROM Enabled 8 bits 16 bits
enabled
Single-chip mode Enabled — —

4 Advanced Expanded mode with on-chip ROM Disabled 16 bits 16 bits
disabled

5 Expanded mode with on-chip ROM Disabled 8 bits 16 bits
disabled

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

7 Single-chip mode Enabled — —

On-Chip Clock Pulse Generator (1:1 oscillation)

Packages

e 120-pin plastic TQFP (TFP-120)

* 128-pin plastic QFP (FP-128)
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Internal Block Diagram of H8S/2355 Series
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54 H8S/2357 Series Features

The H85/2357 Series uses an H8S/2000 CPU core, is pin-compatible with the H8S/2655 Series,
and includes a variety of on-chip supporting functions. A single-power-supply flash memory
version, ZTAT version, and mask ROM version are available. These versions enable usersto
respond quickly and flexibly to changing application specifications, growing production volumes,
and other conditions.

Product Lineup

Product Name ROM (Bytes) RAM (Bytes) ROM Type*
H8S/2357 128k 8k MZF
H8S/2352 — 8k L

Note: * M: Mask ROM version
Z: ZTAT version
F: F-ZTAT version
L: ROMless version

High-Perfor mance H852000 CPU

e General register architecture

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

» High-speed operation suitable for real-time control

O All frequently used instructions execute in 1 to 2 states
O 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-bit register-register divide: 1000 ns

e Sixty-five basic instructions
00 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions

» CPU operating mode
O Advanced mode: Maximum 16-Mbyte address space

119
HITACHI



Bus Controller

e Maximum 8-Mbyte DRAM directly connectable (or use of interval timer possible)
DMA Controller (DMAC)

Data Transfer Controller (DTC)

Six 16-Bit Timer-Pulse Unit (TPU) Channels

Programmable Pulse Generator (PPG)

Two 8-Bit Timer Channels

OneWatchdog Timer (WDT) Channel

Three Serial Communication Interface (SCI) Channels

A/D Converter

* Resolution: 10 hits

e Input: 8 channels

» High-speed conversion: 6.7 ps minimum conversion time (at 20 MHz operation)
» Selection of single or scan mode

D/A Converter

* Resolution: 8 bhits
e Output: 2 channels

Thirteen 1/O Ports
e 871/0 pins, 8 input-only pins
Interrupt Controller

* Nineexterna interrupt pins (NMI, IRQO to IRQ7)
« 52interna interrupt sources
e Selection of two interrupt control modes
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Power-Down State

e Medium-speed mode

» Sleep mode

e Module stop mode

» Software standby mode
e Hardware standby mode

Eight MCU Operating Modes (F-ZTAT™ Version)

External Data Bus

HITACHI

MCU CPU

Operating Operating On-Chip Initial  Maximum

Mode FWE MDy MDj; MDg Mode Description ROMe Value Value

0 0 0 0 0 — — — — —

1 1

2 1 0

3 1

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

5 1 on-chip ROM disabled 8 bits 16 bits

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

7 1 Single-chip mode — —

8 1 0 0 0 — — — — —

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 MCU Operating M odes
(ZTAT™ Version, Mask ROM Version, and ROMIess Version)

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Maximum

Mode MD, MD; MDy Mode Description ROM Value Value

0 0 0 0 — — — — —

1 1

2 1 0

3 1

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

5 1 on-chip ROM disabled 8 bits 16 bits

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

7 1 Single-chip mode — —

On-Chip Clock Pulse Generator (1:1 oscillation)
Packages

e 120-pin plastic TQFP (TFP-120)
+ 128-pin plastic QFP (FP-128)
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Internal Block Diagram of H85/2357
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F-ZTAT version, the WDTOVF pin function is not available, and this pin is the FWE pin.
2. Applies to the H8S/2357 only.
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55 H8S/2345 Series Features

The H85/2345 Series is a 100-pin compact shrink version of the H8S/2655 Series. A varied
package lineup is supported. A single-power-supply flash memory version, ZTAT version, and
mask ROM version are available. These versions enable users to respond quickly and flexibly to
changing application specifications, growing production volumes, and other conditions.

Product Lineup

Product Name ROM (Bytes) RAM (Bytes) ROM Type*1
H8S/2345 128k 4k MZF*2
H8S/2343 64k 2k M

Notes: 1. M: Mask ROM version
Z. ZTAT version
F: F-ZTAT version

2. F-ZTAT version: Under development

High-Performance H852000 CPU

* General register architecture

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

» High-speed operation suitable for real-time control

O All frequently used instructions execute in 1 to 2 states
0O Maximum operating frequency: 20 MHz

O 8/16/32-bit 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

e Sixty-five basic instructions
O 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions

» Two CPU operating modes

O Normal mode: H8/300 Series compatible, maximum 64-kbyte address space (availablein
ZTAT and mask ROM versions only)

0 Advanced mode: Maximum 16-Mbyte address space
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Bus Controller

e Chip select output for areas0to 3

Data Transfer Controller (DTC)

Six 16-Bit Timer-Pulse Unit (TPU) Channels

Two 8-Bit Timer Channels

OneWatchdog Timer (WDT) Channel

Two Serial Communication I nterface (SCI) Channels
A/D Converter

* Resolution: 10 bits

e Input: 8 channels

» High-speed conversion: 6.7 ps (at 20 MHz operation)
» Selection of single or scan mode

D/A Converter

* Resolution: 8 bits
e Output: 2 channels

Eleven 1/O Ports
e 711/O pins, 8 input-only pins
Interrupt Controller

» Nine external interrupt pins (NMI, IRQO to IRQ7)
* 43internal interrupt sources
e Selection of two interrupt control modes

Power-Down State

*  Medium-speed mode

e Sleep mode

* Module stop mode

» Software standby mode
» Hardware standby mode

HITACHI
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Eight MCU Operating Modes (F-ZTAT™ Version)

External Data Bus

MCU CPU

Operating Operating On-Chip Initial  Maximum

Mode FWE MD2 MD1 MDg Mode Description ROMe Value Value

0 0 0 0 0 — — — — —

1 1

2 1 0

3 1

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

5 1 on-chip ROM disabled 8 bits 16 bits

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

7 1 Single-chip mode — —

8 1 0 0 0 — — — — —

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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Seven MCU Operating Modes (ZTAT ™ version and Mask ROM version)

External Data Bus

CPU Operating On-Chip Initial Maximum

Mode Mode Description ROM Value  Value

1 Normal Expanded mode with on-chip ROM Disabled 8 bits 16 bits
disabled

2 Expanded mode with on-chip ROM Enabled 8 bits 16 bits
enabled
Single-chip mode Enabled — —

4 Advanced Expanded mode with on-chip ROM Disabled 16 bits 16 bits
disabled

5 Expanded mode with on-chip ROM Disabled 8 bits 16 bits
disabled

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

7 Single-chip mode Enabled — —

On-Chip Clock Pulse Generator (1:1 Oscillation)

Packages

* 100-pin plastic TQFP (TFP-100B, TFP-100G))

e 100-pin plastic QFP (FP-100A, FP-100B)
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Internal Block Diagram of H85/2345 Series
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Document

Appendix A List of Documents

Product Series

H8S/2655 H8S/2350 H8S/2355 H8S/2357 H8S/2345

User's Hardware

ADE-602-094B ADE-602-111A ADE-602-112A ADE-602-146 ADE-602-129

manuals
Software e H8S/2600 Series, H8S/2000 Series Programming Manual (ADE-602-083A)
Emulators * E6000 H8S/2655, H8S/2245, H8S/2355, H8S/2350 Series Emulators
(ADE-702-155)
Cross * H8S, H8/300 Series Simulator/Debugger (ADE-702-037B)
software

H8S, H8/300 Series C Compiler (ADE-702-059C)
H8S, H8/300 Series Cross Assembler (ADE-702-039C)

Application notes

H8S, H8/300 Series C Compiler Application Note (ADE-502-044)
H8S/2655 Series On-Chip Supporting Modules Application Note (ADE-502-048)
H8S Series Technical Q&A (ADE-502-059)

Common documentation

Quick Reference Guide to Semiconductor Devices (ADE-301-0010)
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Appendix B Packages

Package Dimension Diagrams (Unit: mm)

Indication according to ) o o
geometrical tolerances Pin precision y indication

Dix W Oy
\—> Tolerance method based on \—> Allowable value

maximum solid state

L+ Tolerance value Pin precision

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

Example: <> 0.12 @

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.
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H8S/2000 Series Overview
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