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Cautions

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

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

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

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

5. This product is not designed to be radiation resistant.

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

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




General Precautions on the Handling of Products

1. Treatment of NC Pins

Note:

2. Treatment of Unused Input Pins

Note:

3. Processing before Initialization

Note:

4. Prohibition of Access to Undefined or Reserved Address

Note:

Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry; or
are used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSl is not guaranteed.

Fix all unused input pins to high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pir
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-

through current flows internally, and a malfunction may occur.

When power is first supplied, the product’s state is undefined. The states of internal
circuits are undefined until full power is supplied throughout the chip and a low leve
input on the reset pin. During the period where the states are undefined, the registe
settings and the output state of each pin are also undefined. Design your system sq that
does not malfunction because of processing while it is in this undefined state. For thhose
products which have a reset function, reset the LSI immediately after the power supply h
been turned on.

S

=

Access to undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test reg|sters
may have been be allocated to these address. Do not access these registers: the systen
operation is not guaranteed if they are accessed.
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Preface

These LSIs are high-performance microcomputers with a 32-bit H8S/2600 CPU core and a varie
of built-in peripheral functions necessary for a system configuration.

The built-in peripheral devices include a 16-bit timer pulse unit (TPU), a programmable pulse
generator (PPGY* a watchdog timer (WDT), 8-bit timers, a 14-bit PWM timer (PWiyi¥erial
communication interfaces (SCI, IrDA)*an A/D converter, a D/A convertérand 1/0 ports. An

IC bus interface (IIC)*can also be incorporated as an option. An on-chip DMA controller
(DMAC)* ! and data transfer controller (DTC) perform high-speed data transfer without using the
CPU, enabling use of these LSIs as embedded microcomputers in various advanced control
systems. Two types of internal ROM-flash memory (F-ZTATJ"nhd mask ROM-are available,
providing a quick and flexible response to conditions from ramp-up through full-scale volume
production, even for applications with frequently changing specifications.

Notes: *1 This function is not available in the H8S/2695.
*2 F-ZTAT is a trademark of Hitachi, Ltd.

Target Users: This manual was written for users who will be using the H8S/2633 Series,
H8S/2633R, or H8S/2695 in the design of application systems. Readers are
expected to understand the fundamentals of electrical circuits, logic circuits, and
microcomputers.

Objective: ~ This manual was written to provide users with an explanation of the hardware
functions and electrical characteristics of the H8S/2633 Series, H8S/2633R, and
H8S/2695. Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual
for a detailed description of the instruction set.

Notes on reading this manual:

< In order to understand the overall functions of the chip
Read the manual according to the contents. This manual is broadly divided into parts coveri
the CPU, system control functions, peripheral functions, and electrical characteristics.

¢ In order to understand the details of the CPU's functions
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual.

Example: Bit order: The MSB is on the left and the LSB is on the right.

Related Manuals: The latest versions of all related manuals are available from our website.
Please ensure that you have the latest versions of all documents you require.
http://www.hitachisemiconductor.com/
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H8S/2633 Series manuals:

Manual Title ADE No.
H8S/2633 Series Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual ADE-602-083
Users manuals for development tools:

Manual Title ADE No.
C/C++ Compiler, Assembler, Optimized Linkage Editor User's Manual ADE-702-247
Simulator Debugger (for Windows) User's Manual ADE-702-037
Hitachi Embedded Workshop User's Manual ADE-702-201
Application Notes:

Manual Title ADE No.

H8S Series Technical Q & A ADE-502-059

HITACHI



List of ltems Revised or Added for This Version

Section Page Item Description
Preface Replaced
Comparison of Newly added

H8S/2633, H8S/2632,
H8S/2631, H8S/2633F-
ZTAT, H8S/2633RF-
ZTAT, and H8S/2695
Product Specifications

1.1 Overview 1

Note *2 added

2t07

Table 1-1 Overview

CPU, 14-bit PWM timer
(PWM), memory, interrupt
controller, clock pulse
generator descriptions added

Notes *, *1 and *2 added
Package description added

Product lineup description
replaced

1.2 Internal Block 8

Description added

Diagram

Figure 1-1 (b) H8S/2633R
Internal Block Diagram

Newly added

10

Figure 1-1 (c) H8S/2695
Internal Block Diagram

1.3.1 Pin Arrangement 11

Description added

Figure 1-2 (a) H8S/2633,
H8S/2632, H8S/2631,
H8S/2633F Pin Arrangement
(TFP-120: Top View)

Description added to Note *

12

Figure 1-2 (b) H8S/2633R
Pin Arrangement
(TFP-120: Top View)

Newly added

13

Figure 1-3 (a) H8S/2633,
H8S/2632, H8S/2631,
H8S/2633F Pin Arrangement
(FP-120B: Top View)

Package name amended
from FP-128 to FP-128B

Description added to Note *

15

Figure 1-3 (b) H8S/2633R
Pin Arrangement
(FP-128B: Top View)

Newly added

16

Figure 1-3 (c) H8S/2695 Pin
Arrangement
(FP-128B: Top View)

1.3.2 Pin Functionsin 17
Each Operating Mode

Description added

Table 1-2 (a) Pin Functions
in Each Operating Mode
(H8S/2633, H8S/2632,
H8S/2631, H8S/2633F)

Pin numbers amended from
FP-128 to FP-128B
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Section Page

Item

Description

1.3.2 Pin Functionsin 18

Note * added to FEW pin

Each Operating Mode 55 41 6

Table 1-2 (b) Pin Functions
in Each Operating Mode
(H8S/2633R)

Newly added

271031

Table 1-2 (c) Pin Functions
in Each Operating Mode
(H8S/2695)

1.3.3 Pin Functions 32 Description added
381043 Table 1-3 (b) Pin Functions Newly added
(H8S/2633R)
44 t0 48 Table 1-3 (c) Pin Functions
(H8S/2695)
2.1.1 Features 50 « High-speed operation Description added
2.8.5 Bus-Released 90 Note * added
State
2.8.6 Power-Down 90 Description added
State

Notes *1 and *2 added

3.2.2 System Control 98
Register (SYSCR)

Bit 2—Manual Reset Selection

Bit (MRESE)

Note * added

Bit 0—RAM Enable (RAME)

3.2.3 Pin Function 100
Control Register
(PFCR)

Bit 5—BUZZ Output Enable
(BUZZE)

Bit 4—LCAS Output Pin
Selection Bit (LCASS)

3.5 Address Map in 103
Each Operating Mode

Description added

16 kbytes amended to 16
Mbytes

104

Figure 3-1 Memory Map in
Each Operating Mode in the
H8S/2633, H8S/2633R

Address map for H8S/2633R
operating modes newly
added

107

Figure 3-4 Memory Map in
Each Operating Mode in the
H8S/2695

Newly added

4.1.3 Exception Vector 111
Table

Table 4-2 Exception Vector
Table

Note *3 amended

4.2.5 State of On-Chip 115
Supporting Modules
after Reset Release

Note * added
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Section Page Item Description

4.4 Interrupts 117 Note * added
Figure 4-4 Interrupt Sources Note *3 added
and Number of Interrupts

5.1.1 Features 121 e DTC and DMAC control Note * added

5.2.2
Registers Ato L, O

(IPRA to IPRL, IPRO)

Interrupt Priority 125

Table 5-3 Correspondence

between Interrupt Sources
and IPR Settings

5.2.5 IRQ Status 128 Bits 7 to 0—IRQ7 to IRQO flags Note * added
Register (ISR) (IRQ7F to IRQOF) (n = 5 to 0) amended to
(n=7100)
5.3.1 External 129 IRQ7 to IRQO Interrupts
Interrupts IRQ5 to IRQO amended to
IRQ7 to IRQO
5.3.2 Internal 130 Notes *1 and * 2 added
Interrupts
5.3.3 Interrupt 131to 134 Table 5-4(a) Interrupt H8S/2633R added
Exception Handling Sources, Vector Addresses, Amend as follows:
Vector Table and Interrupt Priorities Interrupt Source column:
(H8S/2633, H8S/2632, "CMI" _ "Reserved"
H8S/2631, H8S/2633R) Origin of Interrupt Source
column: "Refresh timer" -
e
135t0 138 Table 5-4(b) Interrupt Newly added
Sources, Vector Addresses,
and Interrupt Priorities
(H8S/2695)
5.6 DTC and DMAC 150 Title amended
Activation by Interrupt
(DMAC and DTC
functions are not
available in the
H8S/2695)
5.6.2 Block Diagram 151 Figure 5-9 Interrupt Control Note * added
for DTC and DMAC
5.6.3 Operation 152 Table 5-11 Interrupt Source  Note *1 added

(DMAC and DTC
functions are not
available in the
H8S/2695)

Selection and Clearing Control

(4) Notes on Use

Note * added
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Section Page Item Description
Section 6 PC Break 153 Title amended
Controller (PBC)
(This function is not
available in the
H8S/2695)
7.1 Overview 165 Note * added
7.1.1 Features 165, 166
7.1.2 Block Diagram 167 Figure 7-1 Block Diagram
of Bus Controller
7.1.3 Pin 168 Table 7-1 Bus Controller Pins
Configuration
7.1.4 Register 169 Table 7-2 Bus Controller Note *3 added
Configuration Registers
7.2.4 Bus Control 175 Note * added
Register H (BCRH) 177 Bits 2 to 0—RAM Type Select
(RMTS2 to RMTSO0)
7.2.5 Bus Control 178
Register L (BCRL)
7.2.6 Pin Function 180
Control Register
(PFCR)
7.2.7 Memory Control 183
Register (MCR)
7.2.8 DRAM Control 185 Self-refresh amended to
Register (DRAMCR) refresh control (RFSHE = 1)
Bits 2 to 0—Refresh Counter ~ Note * added
Clock Select (CKS2 to CKS0)
7.2.9 Refresh Timer 187
Counter (RTCNT)
7.2.10 Refresh Time
Constant Register
(RTCOR)
7.3 Overview of Bus  1881t0 192
Control
7.3.2 Bus 189 (1) Bus Width Amended from ADWCR to
Specifications ABWCR
4
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Section

Page

Item

Description

7.5 DRAM Interface
(This function is not
available in the
H8S/2695)

206

Title amended

7.6 DMAC Single
Address Mode and
DRAM Interface
(This function is not
available in the
H8S/2695)

223

7.11 Bus Arbitration
(DMAC and DTC
functions are not
available in the
H8S/2695)

238

7.11.3 Bus Transfer
Timing

239

Description of CPU amended

7.12 Resets and the
Bus Controller

239

Note * added

Section 8 DMA
Controller (DMAC)
(This function is not
available in the
H8S/2695)

241

Title amended

Section 9 Data
Transfer Controller
(DTC)

(This function is not
available in the
H8S/2695)

329

9.2.9 Module Stop
Control Register A
(MSTPCRA)

338

Description amended

9.5 Usage Notes

359

Description added

Section 10A /O Ports
(H8S/2633, H8S/2632,
H8S/2631, H8S/2633R)

361

Title amended

10A.3.3 Pin Functions

384

Table 10A-5 Port 3 Pin
Functions

Last portion of selection
method and pin functions
table for P35/SCK1/SCK4/
SCLO/IRQ5 replaced

10A.5.1 Overview

389

Figure 10A-4 Port 7 Pin
Functions

Title amended
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Section Page Item Description
10A.7.1 Overview 397 6-bit I/O port amended to
4-bit 1/0O port
10A.12.3 Pin 429,430 Table 10A-21 Port F Pin TMTSO0 amended to RMTSO0
Functions Functions in note * to pins
PF6/AS/LCAS and
PF2/LCAS/WAIT/BREQO
Section 10B /0O Ports 437 to 510 Newly added
(H8S/2695)
11.1.1 Features 512 Note * added
514 Table 11-1 TPU Functions
11.2.5 Timer Status 545,546  Bit 3—Input Capture/Output
Register (TSR) Compare Flag D (TGFD),
Bit 2—Input Capture/Output
Compare Flag C (TGFC),
Bit 1—Input Capture/Output
Compare Flag B (TGFB),
Bit 0—Input Capture/Output
Compare Flag A (TGFA)
11.2.9 Timer Synchro 550 Channels 0 to 4 amended to
Register (TSYR) channels0to 5
11.4.2 Basic 557 Figure 11-8 Periodic Counter Note * added
Functions Operation
11.5.1 Interrupt 582 Table 11-13 TPU Interrupts
Sources and Priorities
11.5.2 DTC/DMAC 583 Title amended
Activation
(This function is not
available in the
H8S/2695)
11.6.1 Input/Output 585 Output Compare Output (TIOC pin) added
Timing Timing
11.6.2 Interrupt Signal 591 Status Flag Clearing Timing Note * added
Timing Figure 11-47 Timing for
Status Flag Clearing by DTC or
DMAC Activation
11.7 Usage Notes 601 Interrupts and Module Stop The DTC amended to DMAC

Mode

and DTC activation source
and Note * added
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Section Page

Item

Description

Section 12 603
Programmable Pulse
Generator (PPG)

(This function is not
available in the

H8S/2695)

Title amended

12.2.1 Next Data 608
Enable Registers H and
L (NDERH, NDERL)

NDERL Bits 7 to 0—Next Data
Enable 7 to 0 (NDER7 to
NDERO)

Description added

Section 13 8-Bit 629
Timers (TMR)

(This function is not
available in the

H8S/2695)

Title amended

13.3.5 Operation with 645
Cascaded Connection

Description amended

13.4.1 Interrupt 646
Sources and DTC

Activation

(The H8S/2695 does

not have a DTC

function or an 8-bit

timer)

Section 14 14-Bit 655
PWM D/A

(This function is not
available in the

H8S/2695)

Section 15 Watchdog 671
Timer

(WDT1 is not available

in the H85/2695)

Title amended

15.1.1 Features 671

Note * added

15.1.2 Block Diagram 673

Figure 15-1 (b) Block Diagram
of WDT1

Description added to note

15.1.3 Pin 674 Table 15-1 WDT Pin Note * added
Configuration
15.2.2 Timer 675 TCSR1 Note *1 added

Control/Status Register ¢4¢
(TCSR)

Bit 6:Timer Mode Select
(WTI/IT)

Note * added

Bit 7—Overflow Flag (OVF)

Description added
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Section

Page

Item

Description

15.2.2 Timer
Control/Status Register
(TCSR)

677

WDT1 Mode Select

Note * added

WDTO TCSR Bit 4—Reserve
bit

WDT1 TCSR Bit 4—Prescaler
Select (PSS)

Note added

678 Bits 2 to 0—Clock Select 2to 0
(CKS2 to CKSO0)

679 WDT1 Input Clock Select Note *1 added
15.2.3 Reset 680 Bit 7—Watchdog Overflow Flag TCSR amended to RSTCSR
Control/Status Register (WOVF) in bit table description
(RSTCSR)
15.2.4 Pin Function 681 Note * added to bit table
Control Register Bit 5—BUZZ Output Enable  Note added
(PFCR) (BUZZE)
15.3.3 Timing of 686 Note * added
Setting Overflow Flag
(OVF)
15.5.5 Internal Reset 689 Description amended
in Watchdog Timer
Mode
15.5.6 OVF Flag 690 Newly added
Clearing in Interval
Timer Mode
Section 16 Serial 691 Title amended
Communication
Interface (SCI, IrDA)
(The H8S/2695 is not
equipped with an IrDA
function)
16.2.7 Serial Status 706 Bit 7—Transmit Data Register Note * added
Register (SSR) Empty (TDRE)

707 Bit 6—Receive Data Register

Full (RDRF)
709 Bit 2—Transmit End (TEND)
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Section Page Item Description

16.2.8 Bit Rate 713 Table 16-3 BRR Settings 28 MHz bit rate added
Register (BRR) for Various Bit Rates
(Asynchronous Mode)
714 Table 16-4 BRR Settings for

Various Bit Rates (Clocked
Synchronous Mode)

716 Table 16-5 Maximum Bit
Rate for Each Frequency
(Asynchronous Mode)

717 Table 16-6 Maximum Bit
Rate with External Clock Input
(Asynchronous Mode)

718 Table 16-7 Maximum Bit
Rate with External Clock Input
(Clocked Synchronous Mode)

16.2.10 IrDA Control 720 Note added
Register (IrCR)
16.3.2 Operation in 730 Figure 16-5 Sample Serial Note * added
Asynchronous Mode Transmission Flowchart
16.3.3 Multiprocessor 739 Figure 16-10 Sample
Communication Multiprocessor Serial
Function Transmission Flowchart
16.3.4 Operation in 747 Figure 16-16 Sample Serial
Clocked Synchronous Transmission Flowchart
Mode 750 Figure 16-18 Sample Serial
Reception Flowchart
752 Figure 16-20 Sample

Flowchart of Simultaneous
Serial Transmit and Receive

Operations
16.4 SCI Interrupts 756
757 Table 16-13 SCI Interrupt Note *1 added
Sources
16.5 Usage Notes 761 Restrictions on Use of DMAC  Note * added
or DTC
762 Figure 16-25 Sample

Flowchart for Mode Transition
during Transmission
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Section Page Item Description
17.1.1 Features 767 e Three interrupt sources Note * added
17.2.2 Serial Status 775 Note * added to Bit 2 table
Register (SSR)
17.3.5 Clock 785 Table 17-5 Examples of Bit 28 MHz bit rate added
Rate B (bit/s) for Various BRR
Settings
786 Table 17-6 Examples of
BRR Settings for Bit Rate B
(bit/s)

Table 17-7 Maximum Bit Rate
at Various Frequencies (Smart
Card Interface Mode)

17.3.6 Data Transfer
Operations

793,794  Data Transfer Operation by Note * added
DMAC or DTC

17.4 Usage Notes

797,798  Retransfer Operations (Except
Block Transfer Mode)

Section 18 |°C Bus 799 Title amended
Interface [Option]
(This function is not
available in the
H8S/2695)
18.2.4 I°C Bus Mode 811 Bits 5 to 3—Serial Clock Select Transfer rate g = 28 MHz
Register (ICMR) (CKS2 to CKSO0) portion added
815 Bit 3—Acknowledge Bit Note * added

Judgement Selection (ACKE)

816 to 818 Bit 1—I°C Bus Interface
Interrupt Request Flag (IRIC)

820,821  Bit 5—I°C Bus Interface
Continuous
Transmission/Reception
Interrupt Request Flag (IRTR)

18.3.2 Initial Setting

829 Newly added

18.3.3 Master
Transmit Operation

829 to 832 Replaced

18.3.4 Master Receive
Operation

833 to 837

18.3.8 Operation
Using the DTC

843 Note * added

Table 18-5 Examples of
Operation Using the DTC

10
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Section Page

Item

Description

18.3.9 Noise Canceler [

Figure 18-14 Flowchart for
Master Transmit Mode
(Example)

Deleted

Figure 18-15 Flowchart for
Master Receive Mode
(Example)

18.4 Usage Notes 850

Table 18-7 Permissible SCL
Rise Time (t;) Values

@ = 28 MHz portion added to
time indication [ns]

851

Table 18-8 1°C Bus Timing
(with Maximum Influence of

tSr/tSf)

@ = 28 MHz portion added to
time indication [ns] and
values amended

854 to 857

Notes on IRIC Flag
Clearance when Using Wait
Function

Notes on ICDR Reads and

ICCR Access in Slave
Transmit Mode

Notes on TRS Bit Setting in
Slave Mode

Notes on ICDR Reads in
Transmit Mode and ICDR
Writes in Receive Mode

Bit in Slave Mode

Notes on ACKE Bit and TRS

Newly added

19.1.2 Block Diagram 860

Figure 19-1 Block Diagram
of A/D Converter

Note * added

19.2.2 A/D 864
Control/Status Register
(ADCSR)

Bit 7—A/D End Flag (ADF)

19.2.3 A/D Control 867

Bits 7 and 6—Timer Trigger

Register (ADCR) Select 1 and 0 (TRGS1,
TRGSO0)
19.5 Interrupts 876
Table 19-6 A/D Converter
Interrupt Source
Section 20 D/A 883 Title amended
Converter

21.1 Overview

891 to 893

H8S/2633R added after
H8S/2633 and H8S/2695
added after H8S/2631

21.2.1 System Control 892
Register (SYSCR)

Note * added

HITACHI
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Section Page Item Description

21.4 Usage Notes 893 When Using the DTC Note * added

22.1 Overview 895 Description amended

22.1.2 Register BCRL amended to MDCR

Configuration

22.3 Operation 898 Table 22-3 Operating Modes Note * description amended
and ROM (Mask ROM Version)

22.11 Flash Memory 938 Table 22-13 Programmer Note * added

Programmer Mode Mode Pin Settings

22.11.1 Socket 939 Figure 22-18 Socket Adapter Some pin names of

Adapter Pin Pin Correspondence Diagram H8S/2633 amended

C_orrespondence Notes *1 and *2 added

Diagram

Section 23A Clock 959 Title amended

Pulse Generator
(H8S/2633, H8S/2632,
H8S/2631, H8S/2633F)

23A.2.1 System Clock 960 Bit 7—g Clock Output Disable Direct transition added to
Control Register (PSTOP) software standby mode and
(SCKCR) watch mode in description
Section 23B Clock 971 to 981 Newly added
Pulse Generator
(H8S/2633R,
H8S/2695)
24.1 Overview 983 Note * added
984 Table 24-1 LSI Internal States Notes *4 and *5 added,
in Each Mode Note *6 description amended
985 Figure 24-1(a) Mode H8S/2633R added
Transition Diagram (H8S/2633
Series, H8S/2633R)
986 Figure 24-1(b) Mode Newly added
Transition Diagram (H8S/2695)
987 Table 24.2(a) Power-Down H8S/2633R added
Mode Transition Conditions
(H8S/2633 Series, H8S/2633R)
Table 24.2(b) Power-Down Newly added
Mode Transition Conditions
(H8S/2695)
24.1.1 Register 988 Note * added
Configuration Table 24-3 Power-Down Note *2 added
Mode Registers
12
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Section Page Item Description
24.2.1 Standby 989 Bit 7—Software Standby Note * added
Control Register (SSBY)
(SBYCR) 990 Bits 6 to 4—Standby Timer Note * added and
Select 210 0 (STS2 to STS0)  Description amended
(Setting Prohibited) added to
Bits 6 to 4 table
Bit 3—Output Port Enable Note * added
(OPE)
24.2.2 System Clock 991,992  Bit 7—g Clock Output Disable Note * added
Control Register (PSTOP), Bit 3—Frequency
(SCKCR) Multiplication Factor Switch
Mode Select (STCS), Bits 2 to
0—System Clock Select (SCK2
to SCKO)
24.2.3 Low-Power 992 H8S/2633R added to bit
Control Register table for H8S/2633 Series
(LPWRCR) H8S/2695 bit table and Note
* added
993, 994 Bit 7—Direct Transfer On Flag Note *, *2 added
(DTON) and Bit 6—Low Speed
ON Flag (LSON)
24.2.4 Timer 995, 996 Note *1 added

Control/Status Register
(TCSR)

24.5.1 Module Stop 999 Note * added
Mode 1000 Table 24-4 MSTP Bitsand  Note *2 added
Corresponding On-Chip
Supporting Modules
245.2 Usage Notes 1001 Description of Reading 1/0
Ports in Subactive Mode
added
24.6.3 Setting 1003 Table 24-5 Oscillation Under Standby Time, 16

Oscillation Stabilization
Time after Clearing
Software Standby
Mode

Stabilization Time Settings

states changed to 16 states
(setting prohibited)

Note * deleted.

HITACHI
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Section Page ltem Description
24.8 Watch Mode 1006 Description (This function is
(This function is not to not available in the
available in the 1009 H8S/2695) added after title
H8S/2695)
to
24.11 Direct
Transitions
(This function not
available in the
H8S/2695)
24.8.3 Notes 1007 (3) DMAC/DTC activation and Newly added
sub-active mode/watch mode
transition, (4) Interrupt sources
and sub-active mode/watch
mode transition
24.10.3 Usage Notes 1009
24.12 g Clock Output Note * added
Disabling Function
25.2 DC 1012 Table 25-2 DC Conditions amended
Characteristics Characteristics (1) Output high voltage item
amended
Input leakage current test
conditions amended
1013 Three-state leakage
current (off state) test
conditions amended
Current dissipation standby
mode typ. value amended
from 0.01t0 1.0
1014 Reference power supply
current test conditions
amended
1015 to Table 25-2 DC Preliminary deleted
1017 Characteristics (2) Conditions amended
Note *2 PVcc value
amended
Notes *7 and *8 added
1015 Input leakage current test
conditions amended
1016 Three-state leakage
current (off state) test
conditions amended
14
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Section Page Item Description
25.2 DC 1017 Table 25-2 DC Analog power supply current
Characteristics Characteristics (2) test conditions amended
Reference current test
conditions amended
1018 Table 25-3 Permissible Conditions amended and
Output Currents Notes *1 and *2 added
1019 Table 25-4 Bus Drive Conditions amended
Characteristics
25.3.1 Clock Timing 1021 Table 25-5 Clock Timing Condition B clock oscillator
settling time at reset (crystal)
and clock oscillator settling
time in software standby
(crystal) min. values in table
amended
Conditions A and B amended
Notes *1 and *2 added
25.3.2 Control Signal 1023 Table 25-6 Control Signal
Timing Timing
25.3.3 Bus Timing 1025, Table 25-7 Bus Timing
1026
1027 Figure 25-6 Basic Bus Timing Figure amended
(Two-State Access)
25.3.4 DMAC Timing 1034 Table 25-8 DMAC Timing Conditions A and B amended
25.3.5 Timing of On- 1038, Table 25-9 Timing of On-Chip Notes *1 and *2 added
Chip Supporting 1039 Supporting Modules
Modules 1044 Table 25-10 I°C Bus Timing  Conditions amended
25.4 A/D Conversion 1046 Table 25-11 A/D Conversion Conditions A and B amended
Characteristics Characteristics Eull-scale error condition A
maximum value amended
from 7.0 to £7.5
25.5 DJ/A Conversion 1047 Table 25-12 D/A Conversion Conditions A and B amended
Characteristics Characteristics
25.6 Flash Memory 1048 Table 25-13 Flash Memory Conditions amended
Characteristics Characteristics
Section 26 Electrical 1051 to Newly added
Characteristics 1086
(H8S/2633R)
Section 27 Electrical 1087 to
Characteristics 1106
(H8S/2695)
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Section Page Item Description
A.2 Instruction Codes 1137 to Table A-2 Instruction Codes CLRMAC, LDMAC, MAC,
1144 SHAL, and STMAC
instructions amended
B.1A Addresses 1184 H8S/2633R added to
(H8S/2633 Series, Addresses
HBS/2633F, 1193 Note added
H8S/2633R)
B.1B Addresses 1194 to Newly added
(H8S/2695) 1200
B.2 Functions 1215 SSRO—Serial Status Register Bit table for SSRO to SSR4
0 to SSR4—Serial Status amended
Register 4 Note *3 added
1217 SBYCR—Standby Control Note * added to standby
Register timer select 2 to 0 table
1218 SYSCR—System Control 1 under SYSCR amended to
Register |
1222 PFCR—PiIn Function Control  Note * added to BUZZ output
Register enable table
1223 LPWRCR—Low-Power Control Note *1 added to bit table
Register
1258 TSR1—Timer Status Register Note *2 added
1 to TSR5—Timer Status
Register 5
1260, 1265 IPRA to IPRO, BCRL—Bus Note * added
Control Register L
1266 to MCR, DRAMCR, RTCNT, Descriptions added
1268, RTCOR, DMAWER, DMATCR,
1276 to DMACROA, DMACROB,
1289 DMACRI1A, DMACRI1B,
DMABCR, ICCRO, ICCR1,
ICSRO, ICSR1, ICDRO, ICDR1,
SARXO0, SARX1, ICMRO,
ICMR1, SARO, and SAR1
1284 RSTCSR—Reset TCNT amended to RSTCSR
Control/Status Register in Note
1288 g = 28 MHz transfer rate for
bits 5 to 3 and note * added
1292 TCSR1—Timer Control/Status Description added
Register 1
Appendix C I/O Port 1299

Block Diagrams

16
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Section Page Item Description
C.6 Port A Block 1322 Figure C-6 (a) Port A Block PAn amended to PAO
Diagram Diagram (Pin PAO)
1323 Figure C-6 (b) Port A Block PAn amended to PA1
Diagram (Pin PA1)
1324 Figure C-6 (c) Port A Block Figure replaced
Diagram (Pin PA2)
1325 Figure C-6 (d) Port A Block PAn amended to PA3
Diagram (Pin PA3)
C.7 Port B Block 1326 Figure C-7 Port B Block PB1 amended to PBn
Diagram Diagram (Pins PBO to PB7)
C.8 Port C Block 1327 Figure C-8 (a) Port C Block = WDDRA amended to
Diagram Diagram (Pins PCO to PC5) WDDRC, and WDRA
1328 Figure C-8 (b) Port C Block ~ amended to WDRC
Diagram (Pins PC6 and PC7) Legend amended
C.9 Port D Block 1329 Figure C-9 Port D Block Legend n =1 to 7 amended
Diagram Diagram (Pins PDO to PD7) ton=0to7
C.10 Port E Block 1330 Figure C-10 Port E Block
Diagram Diagram (Pins PEO to PE7)
C.13 Port 1 Block 1343 Newly added
Diagram to
to 1386
C.24 Port G Block
Diagram
D.1 Port States in 1387 Description added
Each Mode Table D-1 /O Port States ~ H8S/2633R added
in Each Processing State
(H8S/2633, H8S/2632,
H8S/2631, H8S/2633F,
H8S/2633R)
1388 Table D-1 1/O Port States LCAS under software
in Each Processing State standby mode amended to
(H8S/2633, H8S/2632, LCAS
H8S/2631, H8S/2633F,
H8S/2633R)
1391 to Table D-2 1/O Port States Newly added
1394 in Each Processing State
(H8S/2695)
Appendix F Product 1396 Table F.1 H8S/2633 Series  FP-128 amended to FP-128B

Code Lineup

Product Code Lineup

H8S/2633R and H8S/2695
portion added

Note * deleted
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Section Page Item Description

Appendix G Package 1397 Description amended
Dimensions Figure G-1 TFP-120 Figures amended
Package Dimensions
1398 Figure G-2 FP-128B Package
Dimensions
18
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Comparison of H8S/2633, H8S/2632, H8S/2631,
H8S/2633F-ZTAT, H8S/2633RF-ZTAT, and H8S/2695
Product Specifications

A comparative listing of the specifications of the H8S/2633, H8S/2632, H8S/2631, H8S/2633F-
ZTAT, H8S/2633RF-ZTAT, and H8S/2695 is provided below.

Comparison of H8S/2633, H8S/2632, H8S/2631, H8S/2633F-ZTAT, H8S/2633RF-ZTAT, and
H8S/2695 Product Specifications

H8S/2633 Series H8S/2633R Series
H8S/2633F-ZTAT H8S/2633 H8S/2632 H8S/2631 H8S/2633RF-ZTAT H8S/2695
Model HD64F2633F25 |HD6432633F25 |HD6432632F25 |HD6432631F25 |HD64F2633RF28 |HD6432695F28
HD64F2633TE25 | HD6432633TE25 |HD6432632TE25 |HD6432631TE25 |HD64F2633RTE28
HD64F2633F16 |HD6432633F16 |HD6432632F16 |HD6432631F16
HD64F2633TE16 |HD6432633TE16 |HD6432632TE16 |HD6432631TE16
RAM 16 kB 16 kB 12 kB 8 kB 16 kB 8 kB
ROM 256 kB flash 256 kB mask 192 kB mask 128 kB mask 256 kB flash 192 kB mask ROM
memory ROM ROM ROM memory
ROM H'000000 --1q-- - r- : |- --r
RAM' On-chip On-chip OQ'C{}I"J On-chip On-chip
memor HOLFFEE —-d--L..ROM__ || | __Rom __ || J(28kbytes)| | | RoM___| || _ROM___|
map Y (256 kbytes) (192 kbytes) (256 kbytes) (192 kbytes)
H'O2FFFF --H--f---mmnmmm- bmde——— R EEEEEE
HO3FFFF -- - -b0oovnwu—— 1L - - R
H'FFBO00 ----—————————Tf---=-=-==-=-=-f-=-=--=-=----- -- R L LR EEE
H'FFCO00 -----f---------- R R R R
HFFDOOO -1 =~anghip [ 171 " Onchip [ T Onchip ||| “0nchip | [ Onchip
RAM RAM RAM RAM RAM
H'EFEFBE - - - - (16k-64)bytes| | [(12k-64)bytes| | | (8k-64)bytes| | _|(16k-64)bytes| || (8k-64)bytes
HFFFFCO =-7-- On-chip ) On-chip [ On-chip || [ On-chip | [[ On-chip
64 bytes) (64 bytes) (64 bytes) (64RbA'\tAes) (6{e @Mes)
HFFFFFF -----(840Y - el - yies) 1. Y Y

Input clock| 2 to 25 MHz* (2 to 16 MHz for 16 MHz operation version)

frequency

range

Operating | 25 MHz operation version: 2 to 25 MHz 2 to 28 MHz*

frequency | 16 MHz operation version: 2 to 16 MHz

range

Operating | 25 MHz operation version PV.,.=45V1t055V

voltage |PV,.=45V1t055V,V, =PLLV,=3.0V1t03.6V,AV  =45Vto55V,(Single power supply version lacking V.
range Vref=4.5Vto AV, and PLLV pins)

16 MHz operation version (low-voltage version) AV, =45Vt055V
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H8S/2633 Series

H8S/2633R Series

H8S/2633F-ZTAT H8S/2633 H8S/2632 H8S/2631

H8S/2633RF-ZTAT H8S/2695

PV, =30Vto55V,V, =PLLV,.=30Vt03.6V
[When using A/D or D/A]

AV, =3.6V1t055V,Vref=3.6Vto AV,

[When not using A/D or D/A]

AV, =33V1to55V,Vref=3.3VitoAV

Vref =45V to AV .

Power 2 power supply configurations, PV (5 V power supply) and * PV.. (5V power supply) single power

supply V. (3V power supply), PLLV is 3 V power supply supply configuration

pins « Do not connect the VCL pin to the
power supply. Instead, connect it to a
ground via a 0.1 pF power supply
stabilizer capacitor (which should be
mounted close to the pin).

« Do not connect the V. power supply
to the VCL pin.

« Note that the VCL pin is located in the
same position as the V. pin on the
older H8S/2633 Series and
H8S/2633F.

External
capacitor
VCL (pin 11: FP128B)
014 [ (pin7: TFP120)
Vss (pin 9: FP128B)
(pin 5: TFP120)
« There is no PLLV . power supply pin.
EXTAL ViV x08VtoV . +03V VPV, x08VtoPV, +03V
input level . .
inputlevelly . 0.3VtoV, x0.2V V,:=0.3V1to PV, x02V
(Ve =3.0V1t03.6V) (PV,.=45Vto55V)
Interrupt | External interrupts: NMLIRQ7 to IRQO External interrupts:
sources |Internal interrupts: 72 sources NMLIRQ7 to IRQO
Internal interrupts:
49 sources
32 kHz Yes (subactive mode, subsleep mode, and watch mode supported) No (subactive
oscillator mode, subsleep
mode, and watch
mode not
supported)
Method of Ve power supply No 32 kHz
fixing OSC 0sC1 oscillator.
pin when osc1 SND :
The HD6432695 is
32 kHz osca open | the HD6432633
oscillator osc2 Open Series. The pins
not used

corresponding to
OSC1 and OSC2in
the HD64F2633 are
NC pins in the
HD6432695.
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H8S/2633 Series

H8S/2633R Series

H8S/2633F-ZTAT H8S/2633 H8S/2632 H8S/2631

H8S/2633RF-ZTAT

H8S/2695

Properties | Output of pins 34 and 35 is normally NMOS push-pull output, but is NMOS open-drain output No IIC function.

of multi- |when the IIC bus drive function is selected. Pins 34 and 35

use pins output is CMOS

(pins 34 output.

and 35)

Recom- | See section 23A, Clock Oscillator (H8S/2633, H8S/2632, H8S/2631, See section 23B, Clock Oscillator

mended | H8S/2633F). (H8S/2633R, H8S/2695).

external

PLL circuit

PC break Yes No

controller

(PBC)

DRAM Yes No

interface

DMA Yes No

controller

(DMAC)

Data Yes No

transfer

controller

(DTC)

1/0 ports | Functions of H8S/2633, H8S/2632, H8S/2631, H8S/2633F, and H8S/2633R are identical. Some functions of

See section 10A, I/0 Ports, for details. the _H83/2633

Series have been
eliminated. See
section 10B, I/O
Ports, for details.

Program- Yes No

mable

pulse

generator

(PPG)

8-bit timer Yes No

(TMR)

14-bit Yes No

PWM

timer

WDTI Yes No

IrDA Yes No

I°C bus Yes [option] Yes No

interface

ney

D/IA Yes No

converter

Note: * The input clock frequency range is 2 to 25 MHz (2 to 16 MHz on 16 MHz operation version: H8S/2633 Series only).

For 25 MHz < ¢ < 28 MHz operation on the H8S/2633R and H8S/2695, make sure to use a PLL with a multiplying factor set to
x2 or x4 (¢ = operating frequency).
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Notes on H8S/2695

1. Notes on P35 Pin Functions (SCK1, SCK4) in H8S/2695

The following restrictions apply to the functions of P35 (SCK1, SCK4) in the H8S/2695. The
functions indicated by *2 below cannot be used in the H8S/2695, and these combinations must n
be set.

(1) P35 Pin Functions in H8S/2633 Series and H8S/2633R

ICE 0 1
CKE1(SCI1) 0 0,1,1 0
CKE1(SCl4) 0 1,0,1 0
C/A(SCI1) 0 1 | 0
CIA(SCI4) 0 1 0
CKEO(SCI1) 0 0,11 | g 0
CKEO(SCI4) 0 1,0,1 0
P35DDR 0 1 O O d O
Pin function P35 P35 SCK1/SCK4 | SCK1/SCK4 | SCK1/SCK4 SCLO
input pin output pin*! | output pin** | output pin*! input pin input/output pin
IRQ5 input
(2) P35 Pin Functions in H8S/2695
CKE1(SCI1) 0 0*2 12 1
CKE1(SCl4) 0 1%2 0*2 1
C/A(SCI1) 0 1 a | |
C/A(SCI4) 0 1
CKEO(SCI1) 0 0,1,1 O O O O
CKEO(SCI4) 0 1,0,1
P35DDR 0 1 O | O 1 0%3
Pin function P35 P35 SCK1/SCK4 SCK1/SCK4 O O SCK1/SCK4
input pin output pin output pin output pin input pin
IRQ5 input

Notes: *1 The output type is normally NMOS push-pull output, but NMOS open-drain output when
P350DR = 1.

*2 These combinations must not be set.
*3 If SCK1 and SCK4 are used as input (clock input) pins on the H8S/2695, P35DDR must
be cleared to 0.

2. Notes on H8S/2695 Development (Using H8S/2633 Emulator Chip)

The H8S/2695 is not equipped with an 12C bus function and output from pins 34 and 35 is CMOS
output (unless P340DR or P350DR is set to 1, respectively). These pins are used for NMOS
push-pull output on the H8S/2633 emulator chip, so the output characteristics of these pins are
different than is the case with the H8S/2695. If it is necessary to use pins 34 and 35 for CMOS
output, use an appropriate resistance to pull up pins 34 and 35 of the H8S/2633 emulator chip.
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Manual Reference Pages

H8S/2633 Series

H8S/2633R Series

H8S/2633F-ZTAT| H8S/2633 H8S/2632 H8S/2631

H8S/2633RF-ZTAT

H8S/2695

RAM

See section 21, RAM

ROM

See section 22, ROM

Interrupt Controller
(INT)

See section 5, Interrupt Controller

PC Break Controller|
(PBC)

See section 6, PC Break Controller (PBC)

DRAM Interface

See section 7, Bus Controller

DMA Controller
(DMAC)

See section 8, DMA Controller (DMAC)

Data Transfer
Controller (DTC)

See section 9, Data Transfer Controller (DTC)

1/0 Ports

See section 10A, I/O Ports (H8S/2633, H8S/2632, H8S/2631, H8S/2633R)

See section 10B, I/O0
Ports (H8S/2695)

16-Bit Timer Pulse
Unit (TPU)

See section 11, 16-Bit Timer Pulse Unit (TPU)

Programmable
Pulse Generator
(PPG)

See section 12, Programmable Pulse Generator (PPG)

8-Bit Timers (TMR)

See section 13, 8-Bit Timers (TMR)

14-Bit PWM D/A

See section 14, 14-Bit PWM D/A

WDTO See section 15, Watchdog Timer
WDT1 See section 15, Watchdog Timer —
Serial See section 16, Serial Communication Interface (SCI, IrDA)

Communication
Interface (SCI)

IrDA See section 16, Serial Communication Interface (SCI, IrDA) —
Smart Card See section 17, Smart Card Interface

Interface

I’C Bus See section 18, I°C Bus Interface (IIC) —

Interface(lIC)

A/D Converter

See section 19, A/D Converter

D/A Converter

See section 20, D/A Converter

32 kHz oscillator

See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F)

See section 23B,
Clock Pulse
Generator
(H8S/2633R,
H8S/2695)

Clock Pulse
Generator

See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F)

See section 23B, Clock Pulse Generator
(H8S/2633R, H8S/2695)

EXTAL input level

See section 25, Electrical Characteristics (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F)

See section 26,
Electrical
Characteristics
(H8S/2633R)

See section 27,
Electrical
Characteristics
(H8S/2695)
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H8S/2633 Series H8S/2633R Series
H8S/2633F-ZTAT| H8S/2633 H8S/2632 H8S/2631 | H8S/2633RF-ZTAT H8S/2695
Recommended See section 23A, Clock Pulse Generator (H8S/2633, See section 23B, Clock Pulse Generator
external PLL circuit | H8S/2632, H8S/2631, H8S/2633F) (H8S/2633R, H8S/2695)
Interrupt processing| See section 5, Interrupt Controller See section 5,
vector table See table 5.4(a) Interrupt Controller
See table 5.4(b)
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Section 1 Overview

1.1 Overview

The H8S/2633 Series is a series of microcomputers (MCUs: microcomputer units), built around
the H8S/2600 CPU, employing Hitachi's proprietary architecture, and equipped with peripheral
functions on-chip.

The H8S/2600 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/30C
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include DMA controller
(DMAC)*?, data transfer controller (DT&)bus masters, ROM and RAM memory, a 16-bit timer-
pulse unit (TPU), programmable pulse generator (PR@bit timei*2, 14-bit PWM timer

(PWM)*2, watchdog timer (WDT), serial communication interface (SCI, IFBAND converter,
D/A convertetf?, and I/O ports. It is also possible to incorporate an on-chip PC bus interface
(1IC)*2 as an option.

On-chip ROM is available as 256-kbyte flash memory (F-ZTAT™ ver§ianr)as 256-, 128-, or
64-kbyte mask ROM. ROM is connected to the CPU via a 16-bit data bus, enabling both byte ar
word data to be accessed in one state. Instruction fetching has been speeded up, and processir
speed increased.

Four operating modes, modes 4 to 7, are provided, and there is a choice of single-chip mode or
external expansion mode.

The features of the H8S/2633 Series are shown in table 1-1.

Notes: *1 F-ZTAT™ is a trademark of Hitachi, Ltd.
*2 This function is not available in the H8S/2695.
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Table 1-1  Overview
Item Specification
CPU * General-register machine
0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight
32-bit registers)
» High-speed operation suitable for realtime control
0 Maximum clock rate: 25 MHz (H8S/2633 Series, H8S/2633F),
28 MHz (H8S/2633R, H8S/2695)
O High-speed arithmetic operations
8/16/32-bit register-register add/subtract : 40 ns, 35 ns
16 x 16-bit register-register multiply 1160 ns, 140 ns
16 x 16 + 42-bit multiply and accumulate : 160 ns, 140 ns
32 + 16-bit register-register divide : 800 ns, 700 ns
* Instruction set suitable for high-speed operation
O Sixty-nine basic instructions
0 8/16/32-bit move/arithmetic and logic instructions
O Unsigned/signed multiply and divide instructions
0 Multiply-and accumulate instruction
0 Powerful bit-manipulation instructions
e Two CPU operating modes
O Normal mode: 64-kbyte address space
(cannot be used in the H8S/2633 Series)
0 Advanced mode: 16-Mbyte address space
Bus » Address space divided into 8 areas, with bus specifications settable independently
controller for each area
« Choice of 8-hit or 16-bit access space for each area
e 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
« Possible to connect* a maximum of 8 MB of DRAM (alternatively, it is also possible
to use an interval timer)
« External bus release function
PC break « Supports debugging functions by means of PC break interrupts
controller Two break channels
DMA « Short address mode and full address mode selectable
controller . ghort address mode: 4 channels
(DMAC)*

Full address mode: 2 channels
Transfer possible in repeat mode/block transfer mode

Transfer possible in single address mode
Activation by internal interrupt possible

Note: * This function is not available in the H8S/2695.
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Item

Specification

Data transfer
controller (DTC)**

Can be activated by internal interrupt or software

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

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

16-bit timer-pulse
unit (TPU)

6-channel 16-bit timer on-chip
Pulse 1/0 processing capability for up to 16 pins'
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)

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

Non-overlap margin can be set

Direct output or inverse output setting possible

8-bit timer**
4 channels

8-bit up counter (external event count possible)

Time constant register x 2
2 channel connection possible

Watchdog timer
2 channels*?

Watchdog timer or interval timer selectable
Operation using sub-clock supported (WDT1 only)

14-bit PWM timer

Maximum of 4 outputs

*1
(PWM) * Resolution: 1/16384
¢ Maximum carrier frequency: 390.6 kHz (operating at 25 MHz),
437.6 kHz (operating at 28 MHz)
Serial « Asynchronous mode or synchronous mode selectable

communication
interface (SCI)
5 channels

(SCI0 to SCl4)

Multiprocessor communication function
Smart card interface function

IrDA-equipped SCI**.

1 channel (SCI0)

Supports IrDA standard version 1.0
TxD and RxD encoding/decoding in IrDA format
Start/stop synchronization mode or clock synchronization mode selectable

Multiprocessor communications function
Smart card interface function

Notes:

*1 This function is not available in the H8S/2695.

*2 The watchdog timer in the H8S/2695 has one channel only.
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Item

Specification

A/D converter

Resolution: 10 bits
Input: 16 channels

High-speed conversion: 10.72 pus minimum conversion time
(at 25 MHz operation)

Single or scan mode selectable
Sample and hold circuit
A/D conversion can be activated by external trigger or timer trigger

*

D/A converter

Resolution: 8 bits
Output: 4 channels

1/O ports

73 1/0 pins, 16 input-only pins

Memory

PROM or mask ROM
High-speed static RAM

Product Name ROM RAM
H8S/2633 256 kbytes 16 kbytes
H8S/2632 192 kbytes 12 kbytes
H8S/2631 128 kbytes 8 kbytes
H8S/2633R 256 kbytes 16 kbytes
H8S/2695 192 kbytes 8 kbytes

Interrupt controller

Nine external interrupt pins (NMI, IRQO to IRQ7)

72 internal interrupt sources (including options), 49 interrupt sources in
the H8S/2695

Eight priority levels settable

Power-down state

Medium-speed mode

Sleep mode

Module stop mode

Software standby mode

Hardware standby mode

Sub-clock operation (sub-active mode, sub-sleep mode, watch mode)

Note: * This function is not available in the H8S/2695.
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Item

Specification

Operating modes

Four MCU operating modes

External Data Bus

CPU
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value  Value
4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode
5 On-chip ROM disabled  Disabled 8 bits 16 bits
expansion mode
6 On-chip ROM enabled  Enabled 8 bits 16 bits
expansion mode
7 Single-chip mode Enabled — —
Clock pulse H8S/2633, H8S/2632, H8S/2631
generator «  On-chip PLL circuit (x1, x2, x4)
e Input clock frequency: 2 to 25 MHz
H8S/2633R, H8S/2695
e On-chip PLL circuit (x1, x2, x4) : 2 to 25 MHz
(x2, x4) : 25 t0 28 MHz
« Input clock frequency: 2 to 25 MHz
Packages e 120-pin plastic TQFP (TFP-120)

e 128-pin plastic QFP (FP-128B)

I°C bus interface
(1IC)* 2 channels
(optional)

« Conforms to I°C bus interface type advocated by Philips

¢ Single master mode/slave mode

« Possible to determine arbitration lost conditions
¢ Supports two slave addresses

Note: * This function is not available in the H8S/2695.
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Item

Specification

Product lineup

H8S/2633 Series, H8S/2633F, H8S/2633R, H8S/2695 Operating Frequencies

and Voltages

28 MHz Operation
Version

25 MHz Operation
Version

16 MHz Operation
Version

Input clock 210 25 MHz 210 25 MHz 210 16 MHz
frequency range
Operating 2 to 25 MHz 2 to 25 MHz 210 16 MHz

frequency range

(For 25 to 28 MHz
operation, make sure to
use a PLL with a
multiplying factor set to
x2 or x4.)

Operating voltage
range

PV,.=45t055V
(This is a single power
supply and has no Vcc
pin. Refer to ~ for
details.)

AV =45t055V
V=45t AV

PV, =45t05.5V
V, =30t036V
AV, =45t055V
V, =45t0 AV,

PV, =3.0t05.5V
Ve =3.0t03.6V

[When using A/D or
D/A]"?

AV, =361055V
V., =3.6VioAV.

[When not using A/D or
D/A]"2
AV_,.=33t055V

V. =33VtoAV_

Flash version
Model (ROM/RAM)

HD64F2633RF28
(256 kbytes/16 kbytes)

HD64F2633RTE28
(256 kbytes/16 kbytes)

HD64F2633F25
(256 kbytes/16 kbytes)

HD64F2633TE25
(256 kbytes/16 kbytes)

HD64F2633F16
(256 kbytes/16 kbytes)

HD64F2633TE16
(256 kbytes/16 kbytes)

Mask version
Model (ROM/RAM)

HD6432695F28™*
(192 kbytes/8 kbytes)

HD6432633F25
(256 kbytes/16 kbytes)

HD6432633TE25
(256 kbytes/16 kbytes)

HD6432632F25
(192 kbytes/12 kbytes)

HD6432632TE25
(192 kbytes/12 kbytes)

HD6432631F25
(128 kbytes/8 kbytes)

HD6432631TE25
(128 kbytes/8 kbytes)

HD6432633F16
(256 kbytes/16 kbytes)

HD6432633TE16
(256 kbytes/16 kbytes)

HD6432632F16
(192 kbytes/12 kbytes)

HD6432632TE16
(192 kbytes/12 kbytes)

HD6432631F16
(128 kbytes/8 kbytes)

HD6432631TE16
(128 kbytes/8 kbytes)

Notes: *1 The module configuration of the HD6432695 differs from that of the HD6432633 Series,
HD64F2633, and HD64F2633R. (For information on the module configuration refer to
comparison of H8S/2633, H8S/2632, H8S/2631, H8S/2633F-ZTAT, H8S/2633RF-ZTAT,
and H8S/2695 Product Specifications.

*2 In the case of the 16 MHz operation version, the operating power supply ranges differ
depending on whether A/D or D/A conversion is used.
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Iltem Specification

Product lineup Models and Corresponding Packages

Model Name Package

HD64F2633F25 FP-128B
HD64F2633F16

HD6432633F25

HD6432633F16

HD6432632F25

HD6432632F16

HD6432631F25

HD6432631F16

HD64F2633RF28

HD6432695F28

HD64F2633TE25 TFP-120
HD64F2633TE16

HD6432633TE25

HD6432633TE16

HD6432632TE25

HD6432632TE16

HD6432631TE25

HD6432631TE16
HD64F2633RTE28
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1.2 Internal Block Diagram

Figure 1-1 (a) shows an internal block diagram of the H8S/2633, H8S/2632, H8S/2631, and
H8S/2633F. Figure 1-1 (b) shows the internal block diagram of the H8S/2633R. Figure 1-1 (c)
shows the internal block diagram of the H8S/2695.
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Figure 1-1 (a) H8S/2633F, H8S/2633, H8S/2632, H8S/2631 Internal Block Diagram
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Figure 1-1 (b) H8S/2633R Internal Block Diagram
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Figure 1-1 (c) H8S/2695 Internal Block Diagram
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1.3 Pin Description

131 Pin Arrangement

Figures 1-2 (a) and 1.3 (a) show the pin arrangement of the H8S/2633, H8S/2632, H8S/2631, a
H8S/2633F. Figures 1-2 (b) and 1.3 (b) show the pin arrangement of the H8S/2633R. Figures
1-3 (c) shows the pin arrangement of the H8S/2695.

S
el
[ |‘E ~
cIE
(4] ]
N NE &€ .n:
‘g 5 ‘< = » =[S
seze. R B
5 < O =
T | o] L o | |y [ ) X
BB2Ees Lo, . PR E
6BIS5EER e8ag 2, 2upk_,285pRCCI0ICI0
EEEEEEE%EgVJWm';of—(;EE‘mjijoowoog
fcoaoaooa>ada0O0>UWSXxIwZlraaalRadaaada
OO0 rriririn
O R e R IR N ISP P TON IO AR @R T DN
S e BE 8 BI BT IRRR LIRS 883I BT
Avce O o1 601 P36/RxD4
Vref O] 92 50[1 P35/SCK1/SCK4/SCLOTRQ5
P40/ANO [ 93 58[1 P34/RxD1/SDAO
P41/AN [ 94 57[0 P33/TxD1/SCL1
P42/AN2 [ 95 56[0 VSS
P43/AN3 [ 96 55[0 P32/SCKO/SDALIRQA
P44/AN4 O] 97 540 PVCC2
P45/AN5 ] 98 53[0 P31/RXDO/IrRXD
P46/AN6/DAO [ 99 52[1 P30/TXDO/ITXD
P47/AN7/DAL [] 100 510 PD7/D15
P90/ANS [] 101 501 PD6/D14
P9L/ANS [ 102 491 PD5/D13
P92/AN10 [] 103 48[1 PD4/D12
P93/AN1L [] 104 470 PD3/D11
P94/AN12 []105 460 PD2/D10
P95/AN13 [] 106 TOP VIEW 451 PD1/D9
POG/AN14/DA2 [ 107 (TFP-120) 4h pvccl
P97/AN15/DA3 [] 108 430 PDO/D8
AVSS []109 420 vss
P70/TMRIOL/TMCIO1/DREQO/CS4 [] 110 410 PE7/ID7
P71/TMRI23/TMCI23/DREQ1T/CS5 [] 111 4[] PE6/D6
P72/TMOO/TENDO/CSE/SYNCI [ 112 391 PE5/D5S
P73/TMOL/TENDI/CS7 [ 113 38[1 PE4/D4
P74ITMO2/MRES [ 114 37 PE3/D3
P75/TMO3/SCK3 [ 115 36 PE2/D2
P76/RxD3 []116 351 PE1/D1
P77/TxD3 [ 117 34[7 PEO/DO
MDO []118 337 P17/PO15/TIOCB2/PWM3/TCKLD
MD1 [ 119 32[0 P16/PO14/TIOCA2/PWM2/IRQT
MD2 [ 120 310 P15/PO13/TIOCBL/TCLKC
CNotwereog IR ERARIIRIRANRRS
0000000000000 oOoogooOog
CH NONITOULWOOAUNMeAMMMIEIITWNONONNNYO—HdNMO
2<22P33%¢ 2080 RIDIBI0ORPIINT
a:ma?;%mé%?ooooooooosxxoﬁss<sE
0000 07 0OFF 0200000003k EQ2 B IS
seen o Sgr ESEEEEEEEISZS BE333
<< & 05988V <L |K000
3x £ 2337337 S35 BBEEo
OO0 S SS<<<<L<LL <92 S85sak
iad ® DIMIBVON adoax 2I08E
L oggoono@@ 0Q00Y
e 00000
EEEESL
229433
£Loge
s34&4
Tad9
aQ I

Note: * The FWE pin is used only in the flash memory version.
In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.

Figure 1-2 (a) H8S/2633, H8S/2632, H8S/2631, H8S/2633F Pin Arrangement
(TFP-120: Top View)
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Note: * The FWE pin is used only in the flash memory version.
In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.

Figure 1-2 (b) H8S/2633R Pin Arrangement (TFP-120: Top View)
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Note: * The FWE pin is used only in the flash memory version.
In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.
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Figure 1-3 (a) H8S/2633, H8S/2632, H8S/2631, H8S/2633F Pin Arrangement
(FP-128B: Top View)
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3 (b) HB8S/2633R Pin Arrangement (FP

Figure 1

In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.

Note: * The FWE pin is used only in the flash memory version.
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In the mask ROM version this pin should be left open or connected to VSS.
Figure 1-3 (c) H8S/2695 Pin Arrangement (FP-128B: Top View)

Note: * In the flash memory version this is the FWE pin.




1.3.2 Pin Functions in Each Operating Mode

Table 1-2 (a) shows the pin functions of the H8S/2633, H8S/2632, H8S/2631, and H8S/2633F in
each of the operating modes. Table 1-2 (b) shows the pin functions of the H8S/2633R in each of
the operating modes. Table 1-2 (c) shows the pin functions of the H8S/2695 in each of the
operating modes.

Table 1-2 (a) Pin Functions in Each Operating Mode (H8S/2633, H8S/2632, H8S/2631,

H8S/2633F)

Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
1 5 A0 A0 PCO/A0 PCO
2 6 Al Al PC1/A1 PC1
3 7 A2 A2 PC2/A2 pPC2
4 8 A3 A3 PC3/A3 PC3
5 9 VSS VSS VSS VSS
6 10 A4 A4 PC4/A4 PC4
7 11 VCC VCC VCC VCC
8 12 A5 A5 PC5/A5 PC5
9 13 A6 A6 PC6/A6/PWMO PC6/PWMO
10 14 A7 A7 PC7/A7/PWM1 PC7/PWM1
11 15 VSS VSS VSS VSS
12 16 A8 A8 PBO/A8/TIOCA3 PBO/TIOCA3
13 17 PVCC1 PVCC1 PVCC1 PVCC1
14 18 A9 A9 PB1/A9/TIOCB3 PB1/TIOCB3
15 19 A10 A10 PB2/A10/TIOCC3 PB2/TIOCC3
16 20 All All PB3/A11/TIOCD3 PB3/TIOCD3
17 21 Al2 Al2 PB4/A12/TIOCA4 PB4/TIOCA4
18 22 A13 A13 PB5/A13/TIOCB4 PB5/TIOCB4
19 23 Ala Al4a PB6/A14/TIOCAS PB6/TIOCAS
20 24 Al5 Al5 PB7/A15/TIOCB5 PB7/TIOCB5
21 25 Al16 Al6 PA0/A16 PAO
22 26 Al7 Al7 PA1/A17/TxD2 PA1/TxD2
23 27 Al8 Al8 PA2/A18/RxD2 PA2/RxD2
24 28 Al19 Al9 PA3/A19/SCK2 PA3/SCK2
25 29 VSS VSS VSS VSS
16
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

26 30 P10/POB/TIOCAO/  P10/PO8/TIOCAO/  P10/POS/TIOCAO/  P10/POS/TIOCAQ/
DACKO0/A20 DACKO0/A20 DACKO/A20 DACKO

27 31 P11/PO9/TIOCBO/ P11/PO9/TIOCBO/ P11/PO9/TIOCBO/ P11/PO9/TIOCBO/
DACK1/A21 DACK1/A21 DACK1/A21 DACK1

28 32 P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

29 33 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

30 34 i4/POlZ/TIOCA1/ iéllPOlZ/TIOCAl/ L4/P012/TIOCA1/ LMPOlZ/TIOCAl/
IRQO IRQO IRQO IRQO

— 35 NC NC NC NC

— 36 NC NC NC NC

31 37 P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/
TCLKC TCLKC TCLKC TCLKC

32 38 PlG/POi/TIOCAZ/ PlG/POi/TIOCAZ/ PlG/POL/TIOCAZ/ PlG/POi/TIOCAZ/
PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1

33 39 P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/
PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD

34 40 DO PEO/DO PEO/DO PEO

35 41 D1 PE1/D1 PE1/D1 PE1

36 42 D2 PE2/D2 PE2/D2 PE2

37 43 D3 PE3/D3 PE3/D3 PE3

38 44 D4 PE4/D4 PE4/D4 PE4

39 45 D5 PES5/D5 PE5/D5 PES

40 46 D6 PE6/D6 PE6/D6 PEG6

41 47 D7 PE7/D7 PE7/D7 PE7

42 48 VSS VSS VSS VSS

43 49 D8 D8 D8 PDO

44 50 PVCC1 PVCC1 PVCC1 PVCC1

45 51 D9 D9 D9 PD1

46 52 D10 D10 D10 PD2

47 53 D11 D11 D11 PD3

48 54 D12 D12 D12 PD4

49 55 D13 D13 D13 PD5

50 56 D14 D14 D14 PD6

HITACHI
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

51 57 D15 D15 D15 PD7

52 58 P30/TxDO/IrTxD P30/TxDO/IFTXD P30/TxDO/IFTXD P30/TxDO/IrTxD

53 59 P31/RxDO/IrRXD P31/RxDO/IrRxD P31/RxDO/IrRxD P31/RxDO/IrRXD

54 60 PVCC2 PVCC2 PVCC2 PVCC2

55 61 P32/SCKO/SDAL/  P32/SCKO/SDA1/  P32/SCKO/SDAL/  P32/SCKO/SDAL/
IRQ4 IRQ4 IRQ4 IRQ4

56 62 VSsS VSS VSS VSS

57 63 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1

58 64 P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO

59 65 P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/
SCLO/RQ5 SCLO/IRQ5 SCLO/IRQ5 SCLO/RQ5

60 66 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4

— 67 NC NC NC NC

— 68 NC NC NC NC

61 69 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4

62 70 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/IRQ6

63 71 PG1/CS3/OEIRQ7 PG1/CS3/OEIRQ7 PG1/CS3/OEIRQ7 PGLIRQ7

64 72 PG2/CS2 PG2/CS2 PG2/CS2 PG2

65 73 PG3/CST PG3/CST PG3/CST PG3

66 74 PG4/CS0 PG4/CS0 PG4/CS0 PG4

67 75 WDTOVF WDTOVF WDTOVF WDTOVF

68 76 PLLVCC PLLVCC PLLVCC PLLVCC

69 77 PLLCAP PLLCAP PLLCAP PLLCAP

70 78 PLLVSS PLLVSS PLLVSS PLLVSS

71 79 RES RES RES RES

72 80 NMI NMI NMI NMI

73 81 STBY STBY STBY STBY

74 82 FWE* FWE* FWE* FWE*

75 83 XTAL XTAL XTAL XTAL

76 84 VCC \Yeole: vCC VCC

77 85 EXTAL EXTAL EXTAL EXTAL

78 86 VSS VSS VSS VSS
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Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
79 87 0sC1 0OSC1 0scC1 0SsC1
80 88 0sc2 0sc2 0sc2 0sc2
81 89 PVCC1 PVCC1 PVCC1 PVCC1
82 90 PF7/g PF7/g PF7/g PF7/g
83 91 VSS VSS VSS VSS
84 92 AS/LCAS AS/LCAS AS/LCAS PF6
85 93 RD RD RD PF5
86 94 HWR HWR HWR PF4
87 95 LWR PF3/LWR/ADTRG/ ~ PF3/LWR/ADTRG/ ~ PF3/ADTRG/IRQ3
IRQ3 IRQ3
88 9% PF2/LCAS/WAIT/  PF2ILCAS/WAIT/  PF2/LCAS/WAIT/  PF2
BREQO BREQO BREQO
89 97 PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BUZZ
90 98 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2
— 99 NC NC NC NC
— 100 NC NC NC NC
91 101 AVCC AVCC AVCC AvVCC
92 102 Vref Vref Vref Vref
93 103 P40/ANO P40/ANO P40/ANO P40/ANO
94 104 P41/AN1 P41/AN1 P41/AN1 P41/AN1
95 105 P42/AN2 P42/AN2 P42/AN2 P42/AN2
96 106 P43/AN3 P43/AN3 P43/AN3 P43/AN3
97 107 P44/AN4 P44/AN4 P44/AN4 P44/AN4
98 108 P45/AN5 P45/AN5 P45/AN5 P45/AN5
99 109 P46/AN6/DAO P46/ANB/DAO P46/AN6/DAQ P46/AN6/DAQ
100 110 P47/AN7/DA1 P47/AN7/DAL P47/AN7/DAL P47/AN7/DA1
101 111 P90/ANS P90/ANS P90/ANS P90/ANS
102 112 P91/AN9 P91/AN9 P91/AN9 P91/AN9
103 113 P92/AN10 P92/AN10 P92/AN10 P92/AN10
104 114 P93/AN11 P93/AN11 P93/AN11 P93/AN11
105 115 P94/AN12 P94/AN12 P94/AN12 P94/AN12
106 116 P95/AN13 P95/AN13 P95/AN13 P95/AN13
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

107 117 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2

108 118 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3

109 119 AVSS AVSS AVSS AVSS

110 120 P70/TMRIOL/TMCI01/ P70/TMRIOL/TMCI01/ P70/TMRIOL/TMCI01/ P70/TMRIO1/TMCIO1/
DREQO/CS4 DREQO/CS4 DREQO/CS4 DREQO

111 121 P71/TMRI23/TMCI23/ P7L/TMRI23/TMCI23/ P7L/TMRI23/TMCI23/ P71/TMRI23/TMCI23/
DREQ1/CS5 DREQ1/CS5 DREQ1/CS5 DREQ1

112 122 P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/
CS6/SYNCI CS6/SYNCI CS6/SYNCI SYNCI

113 123 P73/TMOL/TEND1/ P73/TMOL/TEND1/ P73/TMOL/TEND1/ P73/TMOL/TENDT
CSs7 CSs7 Cs7

114 124 P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES

115 125 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3

116 126 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3

117 127 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3

118 128 MDO MDO MDO MDO

119 1 MD1 MD1 MD1 MD1

120 2 MD2 MD2 MD2 MD2

— 3 NC NC NC NC

— 4 NC NC NC NC

Notes: NC pins should be connected to VSS or left open.

* FWE is used only in the flash memory version. Leave open or connect VSS in the mask
ROM version.
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Table 1-2 (b) Pin Functions in Each Operating Mode (H8S/2633R)

Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

1 5 A0 A0 PCO/A0 PCO

2 6 Al Al PC1/A1 PC1

3 7 A2 A2 PC2/A2 PC2

4 8 A3 A3 PC3/A3 PC3

5 9 VSS VSS VSS VSS

6 10 A4 A4 PC4/A4 PC4

7 11 VCL VCL VCL VCL

8 12 A5 A5 PC5/A5 PC5

9 13 A6 A6 PC6/A6/PWMO PC6/PWMO

10 14 A7 A7 PC7/A7/PWM1 PC7/PWM1

11 15 VSS VSS VSS VSS

12 16 A8 A8 PBO/A8/TIOCAS PBO/TIOCA3

13 17 PVCC1 PVCC1 PVCC1 PVCC1

14 18 A9 A9 PB1/A9/TIOCB3 PB1/TIOCB3

15 19 All All PB3/A11/TIOCD3 PB3/TIOCD3

17 21 Al12 Al12 PB4/A12/TIOCA4 PB4/TIOCA4

18 22 Al3 Al3 PB5/A13/TIOCB4 PB5/TIOCB4

19 23 Al4 Al4 PB6/A14/TIOCAS PB6/TIOCAS

20 24 Al5 Al5 PB7/A15/TIOCB5 PB7/TIOCB5

21 25 Al6 Al6 PAO/A16 PAO

22 26 Al7 Al7 PA1/A17/TxD2 PA1/TxD2

23 27 A18 A18 PA2/A18/RxD2 PA2/RxD2

24 28 Al9 A19 PA3/A19/SCK2 PA3/SCK2

25 29 VSS VSS VSS VSS

26 30 P10/POB/TIOCAO/  P10/PO8/TIOCAO/  P10/POS/TIOCAO/  P10/POS/TIOCAQ/
DACKO/A20 DACKO0/A20 DACKO0/A20 DACKO

27 31 M)WTIOCBO/ P11/PO9/TIOCBO/ MQITIOCBO/ P11/PO9/TIOCBO/
DACK1/A21 DACK1/A21 DACK1/A21 DACK1
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

28 32 P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

29 33 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

30 34 MPOIZ/TIOCAl/ MOIZ/TIOCAI/ MOlZ/TIOCAl/ MPOIZ/TIOCAl/
IRQO IRQO IRQO IRQO

— 35 NC NC NC NC

— 36 NC NC NC NC

31 37 P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/
TCLKC TCLKC TCLKC TCLKC

32 38 P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/
PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1

33 39 P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/
PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD

34 40 DO PEO/DO PEO/DO PEO

35 41 D1 PE1/D1 PE1/D1 PE1

36 42 D2 PE2/D2 PE2/D2 PE2

37 43 D3 PE3/D3 PE3/D3 PE3

38 44 D4 PE4/D4 PE4/D4 PE4

39 45 D5 PE5/D5 PES5/D5 PE5

40 46 D6 PE6/D6 PE6/D6 PEG6

41 47 D7 PE7/D7 PE7/D7 PE7

42 48 VSS VSS VSS VSS

43 49 D8 D8 D8 PDO

44 50 PVCC1 PVCC1 PVCC1 PVCC1

45 51 D9 D9 D9 PD1

46 52 D10 D10 D10 PD2

47 53 D11 D11 D11 PD3

48 54 D12 D12 D12 PD4

49 55 D13 D13 D13 PD5

50 56 D14 D14 D14 PD6

51 57 D15 D15 D15 PD7

52 58 P30/TxDO/IrTxD P30/TxDO/IrTXD P30/TxDO/IrTXD P30/TxDO/IrTxD
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

53 59 P31/RxDO0/IrRxD P31/RxDO0/IrRxD P31/RxDO0/IrRxD P31/RxDO0/IrRxD

54 60 PVCC2 PVCC2 PVCC2 PVCC2

55 61 P32/SCKO/SDAL/  P32/SCKO/SDA1/  P32/SCKO/SDA1/  P32/SCKO/SDAL/
IRQ4 IRQ4 IRQ4 IRQ4

56 62 VSS VSS VSS VSS

57 63 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1

58 64 P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO

59 65 P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/
SCLO/IRQ5 SCLO/RQ5 SCLO/IRQ5 SCLO/IRQ5

60 66 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4

— 67 NC NC NC NC

— 68 NC NC NC NC

61 69 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4

62 70 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/IRQ6

63 71 PG1/CS3/OEIRQ7 PG1/CS3/OEIRQ7 PG1/CS3/OENIRQ7 PGLIRQ7

64 72 PG2/CS2 PG2/CS2 PG2/CS2 PG2

65 73 PG3/CS1 PG3/CS1 PG3/CS1 PG3

66 74 PG4/CS0O PG4/CS0O PG4/CSO PG4

67 75 WDTOVF WDTOVF WDTOVF WDTOVF

68 76 NC NC NC NC

69 77 PLLCAP PLLCAP PLLCAP PLLCAP

70 78 PLLVSS PLLVSS PLLVSS PLLVSS

71 79 RES RES RES RES

72 80 NMI NMI NMI NMI

73 81 STBY STBY STBY STBY

74 82 FWE FWE FWE FWE

75 83 XTAL XTAL XTAL XTAL

76 84 NC NC NC NC

77 85 EXTAL EXTAL EXTAL EXTAL

78 86 VSS VSS VSS VSS

79 87 0sc1 0osci1 0osc1 0sc1
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Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
80 88 0sc2 0osc2 0SC2 0sc2
81 89 PVCC1 PVCC1 PVCC1 PVCC1
82 90 PF7/g PF7/g PF7/g PF7/g
83 91 VSsS VSS VSS VSS
84 92 AS/LCAS AS/LCAS AS/LCAS PF6
85 93 RD RD RD PF5
86 94 HWR HWR HWR PF4
87 95 LWR PF3/LWR/ADTRG/ ~ PF3/LWR/ADTRG/  PF3/ADTRG/IRQ3
IRQ3 IRQ3
88 96 PF2/LCAS/WAIT/ ~ PF2/LCAS/WAIT/  PF2/LCAS/WAIT/ PF2
BREQO BREQO BREQO
89 97 PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BUZZ
90 98 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2
— 99 NC NC NC NC
— 100 NC NC NC NC
91 101 AVCC AVCC AvVCC AvVCC
92 102 Vref Vref Vref Vref
93 103 P40/ANO P40/ANO P40/ANO P40/ANO
94 104 P41/AN1 P41/AN1 P41/AN1 P41/AN1
95 105 P42/AN2 P42/AN2 P42/AN2 P42/AN2
96 106 P43/AN3 P43/AN3 P43/AN3 P43/AN3
97 107 P44/AN4 P44/AN4 P44/AN4 P44/AN4
98 108 P45/AN5 P45/AN5 P45/AN5 P45/AN5
99 109 P46/AN6/DAO P46/AN6/DAO P46/AN6/DAO P46/AN6/DAO
100 110 P47/AN7/DAL P47/AN7/DA1 P47/AN7/DA1 P47/AN7/DAL
101 111 P90/ANS P90/ANS P90/ANS P90/ANS
102 112 P91/AN9 P91/AN9 P91/AN9 P91/AN9
103 113 P92/AN10 P92/AN10 P92/AN10 P92/AN10
104 114 P93/AN11 P93/AN11 P93/AN11 P93/AN11
105 115 P94/AN12 P94/AN12 P94/AN12 P94/AN12
106 116 P95/AN13 P95/AN13 P95/AN13 P95/AN13
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

107 117 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2

108 118 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3

109 119 AVSS AVSS AVSS AVSS

110 120 P70/TMRIOL/TMCI01/ P70/TMRIOL/TMCI01/ P70/TMRIOL/TMCIO1/ P70/TMRIO1/TMCIO1/
DREQ0/CS4 DREQO/CS4 DREQO/CS4 DREQO

111 121 P71U/TMRI23/TMCI23/ P7U/TMRI23/TMCI23/ P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/
DREQ1/CS5 DREQ1/CS5 DREQ1/CS5 DREQ1

112 122 P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/
CS6/SYNCI CS6/SYNCI CS6/SYNCI SYNCI

113 123 P73/TMOL/TEND1/ P73/TMOL/TEND1/ P73/TMOL/TEND1/ P73/TMOL/TENDT
CS7 CSs7 CSs7

114 124 P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES

115 125 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3

116 126 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3

117 127 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3

118 128 MDO MDO MDO MDO

119 1 MD1 MD1 MD1 MD1

120 2 MD2 MD2 MD2 MD2

— 3 NC NC NC NC

— 4 NC NC NC NC

Note: NC pins should be connected to VSS or left open.

HITACHI

25



Table 1-2 (c) Pin Functions in Each Operating Mode (H8S/2695)

Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

5 A0 A0 PCO/AO PCO

6 Al Al PC1/A1 PC1

7 A2 A2 PC2/A2 PC2

8 A3 A3 PC3/A3 PC3

9 VSS VSS VSS VSS

10 A4 A4 PC4/A4 PC4

11 VCL VCL VCL VCL

12 A5 A5 PCS5/A5 PC5

13 AB A6 PC6/A6 PC6

14 A7 A7 PC7/A7 PC7

15 VSS VSS VSS VSS

16 A8 A8 PBO/AS/TIOCA3 PBO/TIOCA3

17 PVCC1 PVCC1 PVCC1 PVCC1

18 A9 A9 PB1/A9/TIOCB3 PB1/TIOCB3

19 A10 A10 PB2/A10/TIOCC3  PB2/TIOCC3

20 All All PB3/A11/TIOCD3  PB3/TIOCD3

21 Al12 Al12 PB4/A12/TIOCA4  PB4/TIOCA4

22 Al13 Al13 PB5/A13/TIOCB4  PBS5/TIOCB4

23 Al4 Al4 PB6/A14/TIOCAS  PB6/TIOCAS

24 Al5 Al5 PB7/A15/TIOCB5  PB7/TIOCBS

25 Al6 Al6 PAO/AL6 PAO

26 Al7 Al7 PA1/A17/TxD2 PA1/TxD2

27 Al18 Al18 PA2/A18/RxD2 PA2/RxD2

28 A19 A19 PA3/A19/SCK2 PA3/SCK2

29 VSsS VSS VSS VSsS

30 P10/TIOCAOQ/A20 P10/TIOCA0/A20 P10/TIOCA0/A20 P10/TIOCAO

31 P11/TIOCBO/A21 P11/TIOCBO/A21 P11/TIOCBO/A21 P11/TIOCBO

32 P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

33 P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

34 P14/TIOCAL/IRQ0  P14/TIOCAL/IRQ0 P14/TIOCAL/IRQ0  P14/TIOCAL/IRQO
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Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

35 NC NC NC NC

36 NC NC NC NC

37 P15/TIOCBL/TCLKC P15/TIOCBL/TCLKC P15/TIOCB1/TCLKC P15/TIOCB1/TCLKC

38 P16/TIOCA2/IRQT  P16/TIOCA2/IRQT  P16/TIOCA2/IRQ1T  P16/TIOCA2/IRQT

39 P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD

40 DO PEO/DO PEO/DO PEO

41 D1 PE1/D1 PE1/D1 PE1

42 D2 PE2/D2 PE2/D2 PE2

43 D3 PE3/D3 PE3/D3 PE3

44 D4 PE4/D4 PE4/D4 PE4

45 D5 PE5/D5 PES5/D5 PE5

46 D6 PE6/D6 PE6/D6 PE6

47 D7 PE7/D7 PE7/D7 PE7

48 VSS VSS VSS VSS

49 D8 D8 D8 PDO

50 PVCC1 PVCC1 PVCC1 PVCC1

51 D9 D9 D9 PD1

52 D10 D10 D10 PD2

53 D11 D11 D11 PD3

54 D12 D12 D12 PD4

55 D13 D13 D13 PD5

56 D14 D14 D14 PD6

57 D15 D15 D15 PD7

58 P30/TxDO P30/TxDO P30/TxDO P30/TxDO

59 P31/RxD0 P31/RxD0 P31/RxD0 P31/RxD0

60 PVCC2 PVCC2 PVCC2 PVCC2

61 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/TRQ4 P32/SCKO/IRQ4

62 VSS VSS VSS VSS

63 P33/TxD1 P33/TxD1 P33/TxD1 P33/TxD1

64 P34/RxD1 P34/RxD1 P34/RxD1 P34/RxD1

65 P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/
IRQ5 IRQ5 IRQ5 IRQ5
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Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
66 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4
67 NC NC NC NC
68 NC NC NC NC
69 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4
70 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6
71 PG1/CS3/IRQ7 PG1/CS3/IRQ7 PG1/CS3/IRQ7 PG1/IRQ7
72 PG2/CS2 PG2/CS2 PG2/CS2 PG2
73 PG3/CST PG3/CST PG3/CST PG3
74 PG4/CSO0 PG4/CS0 PG4/CSO PG4
75 WDTOVF WDTOVF WDTOVF WDTOVF
76 NC NC NC NC
77 PLLCAP PLLCAP PLLCAP PLLCAP
78 PLLVSS PLLVSS PLLVSS PLLVSS
79 RES RES RES RES
80 NMI NMI NMI NMI
81 STBY STBY STBY STBY
82 NC* NC* NC* NC*
83 XTAL XTAL XTAL XTAL
84 NC NC NC NC
85 EXTAL EXTAL EXTAL EXTAL
86 VSS VSS VSS VSS
87 NC NC NC NC
88 NC NC NC NC
89 PVCC1 PVCC1 PVCC1 PVCC1
90 PF7/g PF7/g PF7/g PF7/g
91 VSS VSS VSS VSS
92 AS AS AS PF6
93 RD RD RD PF5
94 HWR HWR HWR PF4
95 LWR PF3/LWR/ADTRG/  PF3/LWR/ADTRG/  PF3/ADTRG/IRQ3
IRQ3 IRQ3
96 PF2/WAIT/BREQO PF2/WAIT/BREQO PF2/WAIT/BREQO PF2
28
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Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

97 PF1/BACK PF1/BACK PF1/BACK PF1

98 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2
99 NC NC NC NC

100 NC NC NC NC

101 AvVCC AVCC AvVCC AvVCC
102 Vref Vref Vref Vref

103 P40/ANO P40/ANO P40/ANO P40/ANO
104 P41/AN1 P41/AN1 P41/AN1 P41/AN1
105 P42/AN2 P42/AN2 P42/AN2 P42/AN2
106 P43/AN3 P43/AN3 P43/AN3 P43/AN3
107 P44/AN4 P44/AN4 P44/AN4 P44/AN4
108 P45/AN5 P45/AN5 P45/AN5 P45/AN5
109 P46/AN6 P46/AN6 P46/ANG P46/AN6
110 P47/AN7 P47/AN7 P47/AN7 P47/AN7
111 P90/ANS P90/ANS P90/ANS P90/ANS
112 P91/AN9 P91/AN9 P91/AN9 P91/AN9
113 P92/AN10 P92/AN10 P92/AN10 P92/AN10
114 P93/AN11 P93/AN11 P93/AN11 P93/AN11
115 P94/AN12 P94/AN12 P94/AN12 P94/AN12
116 P95/AN13 P95/AN13 P95/AN13 P95/AN13
117 P96/AN14 P96/AN14 P96/AN14 P96/AN14
118 P97/AN15 P97/AN15 P97/AN15 P97/AN15
119 AVSS AVSS AVSS AVSS
120 P70/CS4 P70/CS4 P70/CS4 P70

121 P71/CS5 P71/CS5 P71/CS5 P71

122 P72/CS6 P72/CS6 P72/CS6 P72

123 P73/CS7 P73/CS7 P73/CS7 P73

124 P74/MRES P74/MRES P74/MRES P74/MRES
125 P75/SCK3 P75/SCK3 P75/SCK3 P75/SCK3
126 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3
127 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3

HITACHI



Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
128 MDO MDO MDO MDO
1 MD1 MD1 MD1 MD1
2 MD2 MD2 MD2 MD2
3 NC NC NC NC
4 NC NC NC NC

Notes: NC pins should be connected to VSS or left open.
In the flash memory version this is the FWE pin.

*
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1.3.3 Pin Functions

Table 1-3 (a) outlines the pin functions of the H8S/2633, H8S/2632, H8S/2631 and H8S/2633F.
Table 1-3 (b) outlines the pin functions of the H8S/2633R. Table 1-3 (c) outlines the pin function

of the H8S/2695.

Table 1-3 (a) Pin Functions (H8S/2633, H8S/2632, H8S/2631, H8S/2633F)

Type Symbol

I/0

Name and Function

Power VCC

Input

Power supply: For connection to the power supply.
All VCC pins should be connected to the system power

supply.

PVCC1,
PVCC2

Input

Port power supply pin. Connect all pins to the same
power supply.

VSS

Input

Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).

Clock PLLVCC

Input

PLL power supply: Power supply for on-chip PLL
oscillator.

PLLVSS

Input

PLL ground: Ground for on-chip PLL oscillator.

PLLCAP

Input

PLL capacitance: External capacitance pin for on-chip
PLL oscillator.

XTAL

Input

Connects to a crystal oscillator.

See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for typical
connection diagrams for a crystal oscillator and
external clock input.

EXTAL

Input

Connects to a crystal oscillator.

The EXTAL pin can also input an external clock.
See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for typical
connection diagrams for a crystal oscillator and
external clock input.

OSC1

Input

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for examples of
connections to a crystal oscillator.

0sC2

Input

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for examples of
connections to a crystal oscillator.

Output

System clock: Supplies the system clock to an external
device.
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Type Symbol

I/0

Name and Function

Operating mode MD2 to MDO
control

Input

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2633 Series is
operating.

MD2 MD1 MDO Operating Mode

0 0

Mode 4

Mode 5

Mode 6

=
o
P O(RLr | O|lRL,r|O|FrL,|O

Mode 7

System control RES

Input

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

Input

Manual reset: When this pin is driven low, a
transmission is made to manual reset mode.

Input

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

Input

Bus request: Used by an external bus master to issue
a bus request to the H8S/2633 Series.

Output

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

BACK

Output

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

FWE

Input

Flash write enable: Pin for flash memory use (in
planning stage).
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Type

Symbol

110

Name and Function

Interrupts

NMI

Input

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ7 to IRQO Input

Interrupt request 7 to 0: These pins request a
maskable interrupt.

Address bus

A23 to AO

Output

Address bus: These pins output an address.

Data bus

D15 to DO

110

Data bus: These pins constitute a bidirectional data
bus.

Bus control

CS7 to CSO

Output

Chip select: Selection signal for areas 0 to 7.

Output

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

Output

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

T
)

Output

High write/write enable/upper write enable:

A strobe signal that writes to external space and
indicates that the upper half (D15 to D8) of the data
bus is enabled.

The 2CAS type DRAM write enable signal.

The 2WE type DRAM upper write enable signal.

Output

Low write/lower column address strobe/lower write
enable:

A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus
is enabled.

The 2CAS type (LCASS = 1) DRAM lower column
address strobe signal.

The 2WE type DRAM lower write enable signal.

CAS

Output

Upper column address strobe/column address strobe:
The 2CAS type DRAM upper column address strobe
signal.

LCAS

Output

Lower column address strobe:
The 2CAS type DRAM lower column address strobe
signal.

Output

Output enable:
Output enable signal for DRAM space read access.

Input

Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address space.
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Type Symbol 1/0 Name and Function
DMA controller  DREQT1, Input DMA request 1,0:
(DMAC) DREQO Requests DMAC activation.

TEND1, Output DMA transfer completed 1,0:

TENDO Indicates DMAC data transfer end.

DACK1, Output  DMA transfer acknowledge 1,0:

DACKO DMAC single address transfer acknowledge pin.
16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA

TIOCAO, I/O Input capture/ output compare match AO to DO:

TIOCBO, The TGROA to TGROD input capture input or output

TIOCCO, compare output, or PWM output pins.

TIOCDO

TIOCAL, I/O Input capture/ output compare match Al and B1:

TIOCB1 The TGR1A and TGR1B input capture input or output

compare output, or PWM output pins.

TIOCA2, I/0 Input capture/ output compare match A2 and B2:

TIOCB2 The TGR2A and TGR2B input capture input or output

compare output, or PWM output pins.

TIOCAS, I/O Input capture/ output compare match A3 to D3:

TIOCB3, The TGR3A to TGR3D input capture input or output

TIOCC3, compare output, or PWM output pins.

TIOCD3

TIOCA4, I/O Input capture/output compare match A4 and B4:

TIOCB4 The TGR4A and TGR4B input capture input or output

compare output, or PWM output pins.

TIOCAS, I/0 Input capture/output compare match A5 and B5:

TIOCB5 The TGR5A and TGR5B input capture input or output

compare output, or PWM output pins.
Programmable PO15to PO8 Output Pulse output 15 to 8: Pulse output pins.
pulse generator
(PPG)
8-bit timer TMOO to Output  Compare match output: The compare match output

TMO3 pins.

TMCIO01, Input Counter external clock input: Input pins for the external

TMCI23 clock input to the counter.

TMRIO1, Input Counter external reset input: The counter reset input

TMRI23 pins.
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Type Symbol I/O Name and Function
14-bit PWM timer PWMO to Output PWMX timer output: PWM D/A pulse output pins.
(PWMX) PWM3
Watchdog WDTOVF Output  Watchdog timer overflows: The counter overflows
timer (WDT) signal output pin in watchdog timer mode.
BUZzz Output  BUZZ output: Output pins for the pulse divided by the
watchdog timer.
Serial TxD4, Output  Transmit data (channel 0, 1, 2): Data output pins.
communication  TxD3,
interface (SCI)/  TxD2,
Smart Card TxD1,
interface TxDO
RxD4, Input Receive data (channel 0, 1, 2): Data input pins.
RxD3,
RxD2,
RxD1,
RxDO
SCK4, /10 Serial clock (channel 0, 1, 2): Clock I/O pins.
SCKa3, SCKO output type is NMOS push-pull.
SCK2,
SCK1
SCKO
IrDA-equipped IrTxD Output/  IrDA transmission data/receive data: Input/output pins
SCI 1 channel IrRxD Input for the data encoded for the IrDA.
(SClo)
I°C bus interface SCLO I/O I°C clock input (channel 1, 0):
(IIC) (optional) SCL1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
SDAO I/0 I°C data input/output (channel 1, 0):
SDA1 IC clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
A/D converter AN15 to ANO Input Analog 15 to 0: Analog input pins.
ADTRG Input A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.
D/A converter DA3to DAO Output Analog output: Analog output pins for D/A converter.
A/D converter, AVCC Input A/D converter and D/A converter power supply pin.

D/A converter

When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).
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Type

Symbol

I/0

Name and Function

A/D converter,
D/A converter

AVSS

Input

Analog circuit ground and reference voltage

A/D converter and D/A converter ground and reference
voltage.

Connect to system power supply (0 V).

Vref

Input

A/D converter and D/A converter reference voltage
input pin.

When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).

1/0 ports

P17 to P10

110

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

P37 to P30

110

Port 3: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

P47 to P40

Input

Port 4: An 8-bit input port.

P77 to P70

110

Port 7: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 7 data
direction register (P7DDR).

P97 to P90

Input

Port 9: An 8-bit input port.

PA3 to PAO

I/0

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

PB7 to PBO

110

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

PC7 to PCO

110

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

PD7 to PDO

11O

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

PE7 to PEO

110

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

PF7 to PFO

I/10

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

PG4 to PGO

I/0

Port G: An 5-bit I/O port. Input or output can be
designated for each bit by means of the port G data
direction register (PGDDR).
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Table 1-3 (b) Pin Functions (H8S/2633R)

Type

Symbol

I/0

Name and Function

Power

VCL

Output

On-chip power supply stabilizer pin: The VCL pin need
not be connected to the power supply. Connect this pin
to VSS via a 0.1 pF capacitor (placed close to the

pins).

PVCC1,
PVCC2

Input

Port power supply pin. Connect all pins to the same
power supply.

VSS

Input

Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).

Clock

PLLVSS

Input

PLL ground: Ground for on-chip PLL oscillator.

PLLCAP

Input

PLL capacitance: External capacitance pin for on-chip
PLL oscillator.

XTAL

Input

Connects to a crystal oscillator.

See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

EXTAL

Input

Connects to a crystal oscillator.

The EXTAL pin can also input an external clock.

See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

OoscC1

Input

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for examples of connections to a crystal
oscillator.

0scC2

Input

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for examples of connections to a crystal
oscillator.

Output

System clock: Supplies the system clock to an external
device.
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Type Symbol

I/0

Name and Function

Operating mode MD2 to MDO
control

Input

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2633 Series is
operating.

MD2 MD1 MDO Operating Mode

0 0

Mode 4

Mode 5

Mode 6

=
o
P O(RLr | O|lRL,r|O|FrL,|O

Mode 7

System control RES

Input

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

Input

Manual reset: When this pin is driven low, a
transmission is made to manual reset mode.

Input

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

Input

Bus request: Used by an external bus master to issue
a bus request to the H8S/2633 Series.

Output

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

BACK

Output

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

FWE

Input

Flash write enable: Pin for flash memory use (in
planning stage).
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Type

Symbol

110

Name and Function

Interrupts

NMI

Input

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ7 to IRQO Input

Interrupt request 7 to 0: These pins request a
maskable interrupt.

Address bus

A23 to AO

Output

Address bus: These pins output an address.

Data bus

D15 to DO

110

Data bus: These pins constitute a bidirectional data
bus.

Bus control

CS7 to CSO

Output

Chip select: Selection signal for areas 0 to 7.

Output

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

Output

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

T
)

Output

High write/write enable/upper write enable:

A strobe signal that writes to external space and
indicates that the upper half (D15 to D8) of the data
bus is enabled.

The 2CAS type DRAM write enable signal.

The 2WE type DRAM upper write enable signal.

Output

Low write/lower column address strobe/lower write
enable:

A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus
is enabled.

The 2CAS type (LCASS = 1) DRAM lower column
address strobe signal.

The 2WE type DRAM lower write enable signal.

CAS

Output

Upper column address strobe/column address strobe:
The 2CAS type DRAM upper column address strobe
signal.

LCAS

Output

Lower column address strobe:
The 2CAS type DRAM lower column address strobe
signal.

Output

Output enable:
Output enable signal for DRAM space read access.

Input

Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address space.
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Type Symbol 1/0 Name and Function
DMA controller  DREQT1, Input DMA request 1,0:
(DMAC) DREQO Requests DMAC activation.

TEND1, Output DMA transfer completed 1,0:

TENDO Indicates DMAC data transfer end.

DACK1, Output  DMA transfer acknowledge 1,0:

DACKO DMAC single address transfer acknowledge pin.
16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA

TIOCAO, I/O Input capture/ output compare match AO to DO:

TIOCBO, The TGROA to TGROD input capture input or output

TIOCCO, compare output, or PWM output pins.

TIOCDO

TIOCAL, I/O Input capture/ output compare match Al and B1:

TIOCB1 The TGR1A and TGR1B input capture input or output

compare output, or PWM output pins.

TIOCA2, I/0 Input capture/ output compare match A2 and B2:

TIOCB2 The TGR2A and TGR2B input capture input or output

compare output, or PWM output pins.

TIOCAS, I/O Input capture/ output compare match A3 to D3:

TIOCB3, The TGR3A to TGR3D input capture input or output

TIOCC3, compare output, or PWM output pins.

TIOCD3

TIOCA4, I/O Input capture/output compare match A4 and B4:

TIOCB4 The TGR4A and TGR4B input capture input or output

compare output, or PWM output pins.

TIOCAS, I/0 Input capture/output compare match A5 and B5:

TIOCB5 The TGR5A and TGR5B input capture input or output

compare output, or PWM output pins.
Programmable PO15to PO8 Output Pulse output 15 to 8: Pulse output pins.
pulse generator
(PPG)
8-bit timer TMOO to Output  Compare match output: The compare match output

TMO3 pins.

TMCIO01, Input Counter external clock input: Input pins for the external

TMCI23 clock input to the counter.

TMRIO1, Input Counter external reset input: The counter reset input

TMRI23 pins.
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Type Symbol I/O Name and Function
14-bit PWM timer PWMO to Output PWMX timer output: PWM D/A pulse output pins.
(PWMX) PWM3
Watchdog WDTOVF Output  Watchdog timer overflows: The counter overflows
timer (WDT) signal output pin in watchdog timer mode.
BUZZ Output  BUZZ output: Output pins for the pulse divided by the
watchdog timer.
Serial TxD4, Output  Transmit data (channel 0, 1, 2): Data output pins.
communication  TxD3,
interface (SCI)/  TxD2,
Smart Card TxD1,
interface TxDO
RxD4, Input Receive data (channel 0, 1, 2): Data input pins.
RxD3,
RxD2,
RxD1,
RxDO
SCK4, /10 Serial clock (channel 0, 1, 2): Clock I/O pins.
SCKa3, SCKO output type is NMOS push-pull.
SCK2,
SCK1
SCKO
IrDA-equipped IrTxD Output/  IrDA transmission data/receive data: Input/output pins
SCI 1 channel IrRxD Input for the data encoded for the IrDA.
(SClo)
I°C bus interface SCLO I/O I°C clock input (channel 1, 0):
(lnc) SCL1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
SDAO I/0 I°C data input/output (channel 1, 0):
SDA1 IC clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
A/D converter AN15 to ANO Input Analog 15 to 0: Analog input pins.
ADTRG Input A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.
D/A converter DA3to DAO Output Analog output: Analog output pins for D/A converter.
A/D converter, AVCC Input A/D converter and D/A converter power supply pin.

D/A converter

When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).
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Type

Symbol

I/0

Name and Function

A/D converter,
D/A converter

AVSS

Input

Analog circuit ground and reference voltage

A/D converter and D/A converter ground and reference
voltage.

Connect to system power supply (0 V).

Vref

Input

A/D converter and D/A converter reference voltage
input pin.

When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).

1/0 ports

P17 to P10

110

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

P37 to P30

110

Port 3: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

P47 to P40

Input

Port 4: An 8-bit input port.

P77 to P70

110

Port 7: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 7 data
direction register (P7DDR).

P97 to P90

Input

Port 9: An 8-bit input port.

PA3 to PAO

I/0

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

PB7 to PBO

110

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

PC7 to PCO

110

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

PD7 to PDO

11O

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

PE7 to PEO

110

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

PF7 to PFO

I/10

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

PG4 to PGO

I/0

Port G: An 5-bit I/O port. Input or output can be
designated for each bit by means of the port G data
direction register (PGDDR).
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Table 1-3 (c¢) Pin Functions (H8S/2695)

Type

Symbol

I/0

Name and Function

Power

VCL

Output

On-chip power supply stabilizer pin: The VCL pin need
not be connected to the power supply. Connect this pin
to VSS via a 0.1 pF capacitor (placed close to the

pins).

PVCC

Input

Port power supply pin. Connect all pins to the same
power supply.

VSS

Input

Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).

Clock

PLLVSS

Input

PLL ground: Ground for on-chip PLL oscillator.

PLLCAP

Input

PLL capacitance: External capacitance pin for on-chip
PLL oscillator.

XTAL

Input

Connects to a crystal oscillator.

See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

EXTAL

Input

Connects to a crystal oscillator.

The EXTAL pin can also input an external clock.

See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

Output

System clock: Supplies the system clock to an external
device.

Operating mode
control

MD2 to MDO

Input

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2633 Series is
operating.

MD2 MD1 MDO Operating Mode

0 0 0 —
1 J—
1 0 —
1 J—
1 0 0 Mode 4
1 Mode 5
1 0 Mode 6
1 Mode 7
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Type

Symbol

I/0

Name and Function

System control

RES

Input

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

Input

Manual reset: When this pin is driven low, a
transmission is made to manual reset mode.

Input

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

Input

Bus request: Used by an external bus master to issue
a bus request to the H8S/2633 Series.

Output

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

BACK

Output

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

Interrupts

NMI

Input

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ7 to IRQO

Input

Interrupt request 7 to 0: These pins request a
maskable interrupt.

Address bus

A23 to AO

Output

Address bus: These pins output an address.

Data bus

D15 to DO

110

Data bus: These pins constitute a bidirectional data
bus.

Bus control

CS7 to CSO

Output

Chip select: Selection signal for areas 0 to 7.

AS

Output

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

Output

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

Output

High write/write enable/upper write enable:

A strobe signal that writes to external space and
indicates that the upper half (D15 to D8) of the data
bus is enabled.

The 2CAS type DRAM write enable signal.

The 2WE type DRAM upper write enable signal.

Output

Low write/lower column address strobe/lower write
enable:

A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus
is enabled.

The 2CAS type (LCASS = 1) DRAM lower column
address strobe signal.

The 2WE type DRAM lower write enable signal.

Input

Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address space.

44

HITACHI



Type Symbol /0 Name and Function
16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA
TIOCAO, I/O Input capture/ output compare match AO to DO:
TIOCBO, The TGROA to TGROD input capture input or output
TIOCCO, compare output, or PWM output pins.
TIOCDO
TIOCAL, I/0 Input capture/ output compare match Al and B1:
TIOCB1 The TGR1A and TGR1B input capture input or output
compare output, or PWM output pins.
TIOCAZ2, I/0 Input capture/ output compare match A2 and B2:
TIOCB2 The TGR2A and TGR2B input capture input or output
compare output, or PWM output pins.
TIOCA3, I/0 Input capture/ output compare match A3 to D3:
TIOCB3, The TGR3A to TGR3D input capture input or output
TIOCCS, compare output, or PWM output pins.
TIOCD3
TIOCA4, I/0 Input capture/output compare match A4 and B4:
TIOCB4 The TGR4A and TGR4B input capture input or output
compare output, or PWM output pins.
TIOCAS, I/0 Input capture/output compare match A5 and B5:
TIOCB5 The TGR5A and TGR5B input capture input or output
compare output, or PWM output pins.
Watchdog WDTOVF Output  Watchdog timer overflows: The counter overflows
timer (WDT) signal output pin in watchdog timer mode.
Serial TxD4, Output  Transmit data (channel O, 1, 2): Data output pins.
communication  TxD3,
interface (SCI)/  TxD2,
Smart Card TxD1,
interface TxDO
RxD4, Input Receive data (channel 0, 1, 2): Data input pins.
RxD3,
RxD2,
RxD1,
RxDO
SCKA4, I/0 Serial clock (channel 0, 1, 2): Clock 1/O pins.
SCK3, SCKO output type is NMOS push-pull.
SCK2,
SCK1
SCKO
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Type Symbol

I/0

Name and Function

A/D converter AN15 to ANO

Input

Analog 15 to 0: Analog input pins.

ADTRG

Input

A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.

AVCC

Input

A/D converter power supply pin.

When the A/D converter are not used, this pin should
be connected to the system power supply (+5 V).

AVSS

Input

Analog circuit ground and reference voltage
A/D converter ground and reference voltage.
Connect to system power supply (0 V).

Vref

Input

A/D converter reference voltage input pin.

When the A/D converter are not used, this pin should
be connected to the system power supply (+5 V).

1/O ports P17 to P10

110

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

P37 to P30

11O

Port 3: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

P47 to P40

Input

Port 4: An 8-bit input port.

P77 to P70

110

Port 7: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 7 data
direction register (P7DDR).

P97 to P90

Input

Port 9: An 8-bit input port.

PA3 to PAO

I/0

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

PB7 to PBO

I/0

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

PC7 to PCO

110

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

PD7 to PDO

110

Port D: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port D data
direction register (PDDDR).
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Type Symbol /0 Name and Function

1/0O ports PE7to PEO 1/O Port E: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port E data
direction register (PEDDR).

PF7to PFO 1/O Port F: An 8-bit I/0 port. Input or output can be
designated for each bit by means of the port F data
direction register (PFDDR).

PG4to PGO 1/0O Port G: An 5-bit I/0O port. Input or output can be
designated for each bit by means of the port G data
direction register (PGDDR).
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Section 2 CPU

2.1 Overview

The H8S/2600 CPU is a high-speed central processing unit with an internal 32-bit architecture tl
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2600 CPU has sixteen 16-
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

2.1.1 Features

The H8S/2600 CPU has the following features.

L]

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

General-register architecture

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

Sixty-nine basic instructions

0 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions

0 Powerful bit-manipulation instructions

O Multiply-and-accumulate instruction

Eight addressing modes

Register direct [Rn]

Register indirect [@ERN]

Register indirect with displacement [@(d:16,ERnN) or @(d:32,ERN)]
Register indirect with post-increment or pre-decrement [@ERN+ or @—ERN]
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]

OoOooogooao

16-Mbyte address space
O Program: 16 Mbytes
0 Data: 16 Mbytes (4 Gbytes architecturally)
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e High-speed operation
O All frequently-used instructions execute in one or two states
O Maximum clock rate : 25 MHz (H8S/2633, H8S/2632,

H8S/2631, H8S/2633F),
28 MHz (H8S/2633R, H8S/2695)

O 8/16/32-bit register-register add/subtract : 40 ns (25 MHz), 35 ns (28 MHz)

0 8 x 8-bit register-register multiply : 120 ns (25 MHz), 105 ns (28 MHz)
0 16 + 8-bit register-register divide : 480 ns (25 MHZz), 420 ns (28 MHz)
0 16 x 16-bit register-register multiply : 160 ns (25 MHz), 140 ns (28 MHz)
O 32 + 16-bit register-register divide : 800 ns (25 MHz), 700 ns (28 MHz)

» Two CPU operating modes
O Normal mode*
00 Advanced mode

Note: * Not available in the H8S/2633 Series.

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

2.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

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

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

* Number of execution states

The number of execution states of the MULXU and MULXS instructions is different in each
CPU.
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Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

In addition, there are differences in address space, CCR and EXR register functions, power-dov
modes, etc., depending on the model.

2.1.3 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2600 CPU has the following enhancements.

* More general registers and control registers

O Eight 16-bit expanded registers, and one 8-bit and two 32-bit control registers, have been
added.

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

Note: * Not available in the H8S/2633 Series.

e Enhanced addressing

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

« Enhanced instructions

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

A multiply-and-accumulate instruction has been added.

Two-bit shift instructions have been added.

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

Ooo0oOo0ooogdg

e Higher speed
0 Basic instructions execute twice as fast.

51
HITACHI



214 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2600 CPU has the following enhancements.

e Additional control register
O One 8-bit and two 32-bit control registers have been added

» Enhanced instructions
0 Addressing modes of bit-manipulation instructions have been enhanced
O A multiply-and-accumulate instruction has been added
0 Two-bit shift instructions have been added
O Instructions for saving and restoring multiple registers have been added
0 Atest and set instruction has been added

» Higher speed
0 Basic instructions execute twice as fast

2.2 CPU Operating Modes

The H8S/2600 CPU has two operating modes: normal and advanced. Normal mode* supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total addres:
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Gbytes for

program and data areas combined). The mode is selected by the mode pins of the microcontrolle

Note: * Not available in the H8S/2633 Series.

4{ Normal mode* Maximum 64 kbytes, program
and data areas combined

CPU operating modes }7

Maximum 16-Mbytes for

—{ Advanced mode | program and data areas
combined

Note: * Not available in the H8S/2633 Series.

Figure 2-1 CPU Operating Modes
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(1) Normal Mode (Not Available in the H8S/2633 Series)
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address SpaceA maximum address space of 64 kbytes can be accessed.

Extended Registers (En)The extended registers (EO to E7) can be used as 16-bit registers, or a
the upper 16-bit segments of 32-bit registers. When En is used as a 16-bit register it can contair
any value, even when the corresponding general register (Rn) is used as an address register. If
general register is referenced in the register indirect addressing mode with pre-decrement (@-F
or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the correspondin
extended register (En) will be affected.

Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.

Exception Vector Table and Memory Indirect Branch Addressesin normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch address is stored per 1
bits (figure 2-2). The exception vector table differs depending on the microcontroller. For details
of the exception vector table, see section 4, Exception Handling.

H'0000 . h
- -- Power-on reset exception vector - -
H'0001
H0002 | Manual reset exception vector - -
H'0003
H'0004 |
H0005 ] (Reserved for system use)  --A )
H'0006 | BN Exception
H'0007 vector table
H'0008 .
H'0009 Exception vector 1
:8882 Exception vector 2
\/\ _/

Figure 2-2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JIMP and JSR instructions us
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 1
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'OOFF. Nof
that this area is also used for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC, condition-code register (CCR), and extended control register (EXR) are pushed onta
the stack in exception handling, they are stored as shown in figure 2-3. When EXR is invalid, it is
not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/_\

SP—~| PC SP— EXR*1
(16 bits) v Reserved 13
(SP—) CCR
\/\ CCR*s
- - - - PC -
(16 bits)
(2) Subroutine Branch (b) Exception Handling

Notes: *1 When EXR is not used it is not stored on the stack.
*2 SP when EXR is not used.
*3 Ignored when returning.

Figure 2-3 Stack Structure in Normal Mode
(2) Advanced Mode

Address Spacelinear access is provided to a 16-Mbyte maximum address space (architecturally
a maximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Gbytes for program and data areas combined).

Extended Registers (En)The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-bit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Table and Memory Indirect Branch Addressesin advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each
bits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure 2-4)
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved )
Power-on reset exception vector
H'00000003
H'00000004 | | Reserved |
"~ Manual reset exception vector ]
H'00000007
H'00000008
"1 > Exception vector table
H'0000000B | o
(Reserved for system use)
H'0000000C | ]
HO0OOOOI0 | Reserved |
o Exception vector 1 o

Figure 2-4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JIMP and JSR instructions us
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, provid
a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is regarded &
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that tt
first part of this range is also the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in
subroutine call, and the PC, condition-code register (CCR), and extended control register (EXR)
are pushed onto the stack in exception handling, they are stored as shown in figure 2-5. When
EXR is invalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/\

SP— EXR"1
sP—~| Reserved o Reserved 13
(SP—) CCR
PC
(24 bits) PC
L (24 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: *1 When EXR is not used it is not stored on the stack.
*2 SP when EXR is not used.
*3 Ignored when returning.

Figure 2-5 Stack Structure in Advanced Mode
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2.3 Address Space

Figure 2-6 shows a memory map of the H8S/2600 CPU. The H8S/2600 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode.

H'0000 H'00000000
HFFFF Program area
H'00FFFFFF
Data area
Cannot be
used by the
H8S/2633
Series
H'FFFFFFFF
(&) Normal Mode * (b) Advanced Mode
Note: * Not available in the H8S/2633 Series.

Figure 2-6 Memory Map
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2.4 Register Configuration

24.1 Overview

The CPU has the internal registers shown in figure 2-7. There are two types of registers: general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0

| PC |

76543210
EXR |T|—|—|—[-[12]i1]i0]

76543210
ccr [ 1ulH|u|N]z]v|c]

63 41 32
MAC 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

ul: User bit or interrupt mask bit*

Note: * Cannot be used as an interrupt mask bit in the H8S/2633 Series.

Figure 2-7 CPU Registers
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24.2 General Registers

The CPU has eight 32-bit general registers. These general registers are all functionally alike ant
can be used as both address registers and data registers. When a general register is used as a
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are |
as 32-bit 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 F
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

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

Figure 2-8 illustrates the usage of the general registers. The usage of each register can be sele
independently.

« Address registers

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

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

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

Figure 2-8 Usage of General Registers

59
HITACHI



General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2-9 shows the
stack.

/\/

Free area

SP (ER7) —»

Stack area

/\/

Figure 2-9 Stack

2.4.3 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR),
8-bit condition-code register (CCR), and 64-bit multiply-accumulate register (MAC).

(1) Program Counter (PC): This 24-bit counter indicates the address of the next instruction the
CPU will execute. The length of all CPU instructions is 2 bytes (one word), so the least significan
PC bit is ignored. (When an instruction is fetched, the least significant PC bit is regarded as 0.)

(2) Extended Control Register (EXR):This 8-bit register contains the trace bit (T) and three
interrupt mask bits (12 to 10).

Bit 7—Trace Bit (T): Selects trace mode. When this bit is cleared to 0, instructions are executed
in sequence. When this bit is set to 1, a trace exception is generated each time an instruction is
executed.

Bits 6 to 3—ReservedThey are always read as 1.
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Bits 2 to O—Interrupt Mask Bits (12 to 10): These bhits designate the interrupt mask level (0 to
7). For details, refer to section 5, Interrupt Controller.

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.

(3) Condition-Code Register (CCR):This 8-bit register contains internal CPU status
information, including an interrupt mask bit (I) and half-carry (H), negative (N), zero (2),
overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. (NMI is accepted
regardless of the | bit setting.) The | bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

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 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUBL.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if there is a carry 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, anc
XORC instructions.

Bit 3—Negative Flag (N): Stores the 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 O to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0 at other
times.

Bit 0—Carry Flag (C): Setto 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 value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.
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Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to Appendix A.1, Instruction List.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

(4) Multiply-Accumulate Register (MAC): This 64-bit register stores the results of multiply-
and-accumulate operations. It consists of two 32-bit registers denoted MACH and MACL. The
lower 10 bits of MACH are valid; the upper bits are a sign extension.

2.4.4 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV.L instruction executed immediately
after a reset.
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2.5 Data Formats
The CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bitn (n =0, 1, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-b
BCD data.

25.1 General Register Data Formats

Figure 2-10 shows the data formats in general registers.

Data Type Register Number Data Format
1-bit data RnH 7 0
716]s|4]3[2]1[o]  Dontcare |
1-bit data rRo..
| Dontcare |7]6[5]4]3]2[1]0]
4-bit BCD data RnH 7 43 o
| Upper | Lower |  Dontcare |
4-bit BCD data rRo.. 7 43 0
. Dontcare | Upper | Lower |
Byte data RnH 7 o
: | Don't care '
MSB s T
Byte data rRo.. 7 0
: Don't care | :
""""""""""" MSB LSB

Figure 2-10 General Register Data Formats
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Data Type Register Number  Data Format

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

Longword data ERn

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

Figure 2-10
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25.2 Memory Data Formats

Figure 2-11 shows the data formats in memory. The CPU can access word data and longword c
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least significa
bit of the address is regarded as 0, so the access starts at the preceding address. This also app
instruction fetches.

Data Type Data Format
Address /\/
1-bit data AddressL| 7|6 | 5|4 |3 |21
Byte data AddressL |MSB: @ i 1 i|SB
Word data Address 2M |MsB;
Address 2M + 1 ELSB
Longword data Address 2N [MSB: ¢+ 1 r
Address2N+1| 1 1
Address 2N + 2
Address 2N + 3 R

Figure 2-11 Memory Data Formats

When ERY7 is used as an address register to access the stack, the operand size should be word
or longword size.
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2.6 Instruction Set

2.6.1 Overview

The H8S/2600 CPU has 69 types of instructions. The instructions are classified by function in
table 2-1.

Table 2-1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*', PUSH** WL
LDM, STM L
MOVFPE*?, MOVTPE*? B
Arithmetic ADD, SUB, CMP, NEG BWL 23
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS** B
MAC, LDMAC, STMAC, CLRMAC —
Logic operations AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*?, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP —
Block data transfer EEPMOV — 1

Notes: B-byte size; W-word size; L-longword size.
*1 POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.

*2 Bcc is the general name for conditional branch instructions.
*3 Not available in the H8S/2633 Series.
*4 When using the TAS instruction, use register ERO, ER1, ER4, or ER5.
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2.6.2 Instructions and Addressing Modes

Table 2-2 indicates the combinations of instructions and addressing modes that the H8S/2600 C
can use.

Table 2-2  Combinations of Instructions and Addressing Modes
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2.6.3 Table of Instructions Classified by Function

Table 2-3 summarizes the instructions in each functional category. The notation used in table 2-
is defined below.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*
ERn General register (32-bit register)
MAC Multiply-accumulate register (32-bit register)
(EAd) Destination operand
(EAS) Source operand
EXR Extended control register
CCR Condition-code register
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
g Logical AND
O Logical OR
O Logical exclusive OR
- Move
- NOT (logical complement)
: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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Table 2-3

Instructions Classified by Function

Type Instruction ~ Size *'  Function
Data transfer MOV B/W/L  (EAs) - Rd, Rs - (Ead)
Moves data between two general registers or between a
general register and memory, or moves immediate data
to a general register.
MOVFPE B Cannot be used in the H8S/2633 Series.
MOVTPE B Cannot be used in the H8S/2633 Series.
POP W/L @SP+ - Rn
Pops a register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L
@SP+, ERN.
PUSH WI/L Rn - @-SP
Pushes a register onto the stack. PUSH.W Rn is
identical to MOV.W Rn, @-SP. PUSH.L ERn is identical
to MOV.L ERn, @-SP.
LDM L @SP+ - Rn (register list)
Pops two or more general registers from the stack.
STM L Rn (register list) -~ @-SP
Pushes two or more general registers onto the stack.
Arithmetic ADD B/W/IL Rd+Rs - Rd, Rd+#MM - Rd
operations SUB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted from
byte data in a general register. Use the SUBX or ADD
instruction.)
ADDX B Rd+Rs+C - Rd, Rd+#IMM+C - Rd
SUBX Performs addition or subtraction with carry or borrow on
byte data in two general registers, or on immediate data
and data in a general register.
INC BW/L Rd#z1 - Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)
ADDS L Rd+1 - Rd, Rd+2 -~ Rd, Rd*4 - Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a
32-bit register.
DAA B Rd decimal adjust —» Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-bit
BCD data.
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Type Instruction Size *'  Function
Arithmetic MULXU B/W Rd xRs - Rd
operations Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits - 32 bits.
MULXS B/W RdxRs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits - 32 bits.
DIVXU B/W Rd+Rs - Rd
Performs unsigned division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
DIVXS B/W Rd+Rs - Rd
Performs signed division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
CMP B/W/L Rd-Rs, Rd-#MM
Compares data in a general register with data in another
general register or with immediate data, and sets CCR
bits according to the result.
NEG B/W/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of
data in a general register.
EXTU WIL Rd (zero extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-bit register to longword size,
by padding with zeros on the left.
EXTS WI/L Rd (sign extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-bit register to longword size,
by extending the sign bit.
TAS*?2 B @ERd -0, 1 - (<bit 7> of @Erd)
Tests memory contents, and sets the most significant bit
(bit 7) to 1.
MAC — (EAs) x (EAd) + MAC - MAC

Performs signed multiplication on memory contents and
adds the result to the multiply-accumulate register. The
following operations can be performed:

16 bits x 16 bits + 32 bits - 32 bits, saturating

16 bits x 16 bits + 42 bits — 42 bits, non-saturating
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Type Instruction Size *'  Function
Arithmetic CLRMAC — 0 -~ MAC
operations Clears the multiply-accumulate register to zero.
LDMAC L Rs - MAC, MAC - Rd
STMAC Transfers data between a general register and a
multiply-accumulate register.
Logic AND B/W/L RdORs - Rd, RdO#MM - Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/WI/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.
NOT B/W/L = (Rd) - (Rd)
Takes the one's complement of general register
contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) —» Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) - Rd
ROTXR Rotates general register contents through the carry flag.
1-bit or 2-bit rotation is possible.
Bit- BSET B 1 - (<bit-No.> of <EAd>)
manipulation Sets a specified bit in a general register or memory
instructions operand to 1. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.
BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory
operand to 0. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.
BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory
operand. The bit number is specified by 3-bit immediate
data or the lower three bits of a general register.
72

HITACHI



Type Instruction Size *'  Function

Bit- BTST B = (<bit-No.> of <EAd>) - Z
manipulation Tests a specified bit in a general register or memory
instructions operand and sets or clears the Z flag accordingly. The

bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BAND B C O(<bit-No.> of <EAd>) -~ C
ANDs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

BIAND B C U~ (<bit-No.> of <EAd>) - C
ANDs the carry flag with the inverse of a specified bit in
a general register or memory operand and stores the
result in the carry flag.
The bit number is specified by 3-bitimmediate data.

BOR B C O(<bit-No.> of <EAd>) -~ C
ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

BIOR B C O~ (<bit-No.> of <EAd>) - C
ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the
result in the carry flag.
The bit number is specified by 3-bitimmediate data.

BXOR B C 0 (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a
general register or memory operand and stores the
result in the carry flag.

BIXOR B C 0 = (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with the inverse of a
specified bit in a general register or memory operand
and stores the result in the carry flag.
The bit number is specified by 3-bitimmediate data.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory
operand to the carry flag.

BILD B = (<bit-No.> of <EAd>) - C
Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.
The bit number is specified by 3-bit immediate data.
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Type Instruction Size *'  Function
Bit- BST B C - (<bit-No.> of <EAd>)
manipulation Transfers the carry flag value to a specified bit in a
instructions general register or memory operand.
BIST B - C - (<bit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a
specified bit in a general register or memory operand.
The bit number is specified by 3-bit immediate data.
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High cuz=o0
BLS Low or same chz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZOONO V) =0
BLE Less or equal ZONO V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine.

System control TRAPA

instructions

Starts trap-instruction exception handling.

RTE

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.
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Type Instruction

Size **

Function

System control LDC
instructions

B/W

(EAs) - CCR, (EAs) - EXR

Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit
registers, word-size transfers are performed between
them and memory. The upper 8 hits are valid.

STC

B/W

CCR - (EAd), EXR - (EAd)

Transfers CCR or EXR contents to a general register or
memory. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and
memory. The upper 8 bits are valid.

ANDC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate
data.

XORC

CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2 - PC
Only increments the program counter.

Block data EEPMOV.B
transfer
instruction

EEPMOV.W

if R4L # 0 then
Repeat @ER5+ - @ERG6+

R4L-1 - R4L
Until R4L =0
else next;
if R4 # 0 then
Repeat @ER5+ - @ER6+
R4-1 - R4
UntilR4 =0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ERG6.

R4L or R4: size of block (bytes)
ERS5: starting source address
ERG6: starting destination address

Execution of the next instruction begins as soon as the
transfer is completed.

Notes: *1 Size refers to the operand size.

B: Byte
W: Word
L: Longword

*2 When using the TAS instruction, use register ERO, ER1, ER4, or ER5.
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2.6.4 Basic Instruction Formats

The H8S/2633 Series instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), a register field (r field), an effective address extension (EA field), and a
condition field (cc).

(1) Operation Field: Indicates the function of the instruction, the addressing mode, and the
operation to be carried out on the operand. The operation field always includes the first 4 bits of
the instruction. Some instructions have two operation fields.

(2) Register Field: Specifies a general register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

(3) Effective Address ExtensionEight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

(4) Condition Field: Specifies the branching condition of Bcc instructions.
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Figure 2-12 shows examples of instruction formats.

(1) Operation field only

op

(2) Operation field and register fields

op

m

m

(3) Operation field, register fields, and effective address extension

op

m

m

EA (disp)

(4) Operation field, effective address extension, and condition field

op

cC

EA (disp)

NOP, RTS, etc.

ADD.B Rn, Rm, etc.

MOV.B @(d:16, Rn), Rm, etc.

BRA d:16, etc.

Figure 2-12

HITACHI

Instruction Formats (Examples)
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2.7 Addressing Modes and Effective Address Calculation

2.7.1 Addressing Mode

The CPU supports the eight addressing modes listed in table 2-4. Each instruction uses a subset
these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-coun
relative and memory indirect. Bit manipulation instructions use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table 2-4  Addressing Modes

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 @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #XX:8/#xX:16/#xX:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8

(1) Register Direct—Rn:The register field of the instruction specifies an 8-, 16-, or 32-bit

general register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specifie
as 32-bit registers.

(2) Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn) which contains the address of the operand on memory. If the address is a progran
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00

(3) Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)A 16-bit or 32-bit
displacement contained in the instruction is added to an address register (ERn) specified by the
register field of the instruction, and the sum gives the address of a memory operand. A 16-bit
displacement is sign-extended when added.
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(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn;

« Register indirect with post-increment—@ERN+

The register field of the instruction code specifies an address register (ERn) which contains t
address of a memory operand. After the operand is accessed, 1, 2, or 4 is added to the addr
register contents and the sum is stored in the address register. The value added is 1 for byte

access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.

¢ Register indirect with pre-decrement—@-ERn

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register fie|
in the instruction code, and the result becomes the address of a memory operand. The resul
also stored in the address register. The value subtracted is 1 for byte access, 2 for word tran
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,

the register value should be even.

(5) Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:Jhe instruction code contains the
absolute address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16
long (@aa:16), 24 bits long (@aa:24), or 32 bits long (@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits

(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFI
For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit absolute address

access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8

bits are all assumed to be 0 (H'00).

Table 2-5 indicates the accessible absolute address ranges.

Table 2-5 Absolute Address Access Ranges

Absolute Address

Normal Mode *

Advanced Mode

Data address 8 bits (@aa:8)

H'FF00 to H'FFFF

H'FFFFOO to H'FFFFFF

16 bits (@aa:16)

H'0000 to H'FFFF

32 hits (@aa:32)

Program instruction 24 bits (@aa:24)
address

H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF

H'000000 to H'FFFFFF

Note: * Not available in the H8S/2633 Series.
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(6) Immediate—#xx:8, #xx:16, or #xx:32The instruction contains 8-bit (#xx:8), 16-hit
(#xx:16), or 32-bit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying e
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d:16, PC)This mode is used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended an
added to the 24-bit PC contents to generate a branch address. Only the lower 24 bits of this bran
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128 bytes (-63 to +64 words) or —32766 to +32768 bytes (16383 tc
+16384 words) from the branch instruction. The resulting value should be an even number.

(8) Memory Indirect—@ @aa:8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to b
so the address range is 0 to 255 (H'0000 to H'O0OFF in normal mode, H'000000 to H'0O000FF in
advanced mode). In normal mode* the memory operand is a word operand and the branch addre
is 16 bits long. In advanced mode the memory operand is a longword operand, the first byte of
which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further details,
refer to section 4, Exception Handling.

Note: * Not available in the H8S/2633 Series.
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\_/\ \_/_\

Specified - Specified — Reserved
by @aa:8 | Branch address  ----1 by @aa:8

\_/_\

Branch address

(a) Normal Mode * (b) Advanced Mode

Note: * Not available in the H8S/2633 Series.

Figure 2-13 Branch Address Specification in Memory Indirect Mode

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or instruction code to be fetch
at the address preceding the specified address. (For further information, see section 2.5.2, Men
Data Formats.)

2.7.2 Effective Address Calculation

Table 2-6 indicates how effective addresses are calculated in each addressing mode. In normal
mode* the upper 8 bits of the effective address are ignored in order to generate a 16-bit addres:s

Note: * Not available in the H8S/2633 Series.
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Effective Address Calculation

Table 2-6
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2.8 Processing States

2.8.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 2-14 shows a diagram of the
processing states. Figure 2-15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode

Power-down state Software standby

mode

CPU operation is stopped

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode,
subactive mode, subsleep mode, and watch mode.

Figure 2-14 Processing States
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End of bus request

Bus request

RES= High |
o N STBY= ‘High, RES= Low

f Manual reset state *1 Power-on reset state *1 ‘ Hardware standby mode*2 }

Reset state *1 '
L _______ I | Power-down state*3 1

Notes: *1 From any state except hardware standby mode, a transition to the power-on reset state occurs whenever RES
goes low. From any state except hardware standby mode and power-on reset mode, a transition to the manual
reset state occurs whenever MRES 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.
*3 Apart from these states, there are also the watch mode, subactive mode, and the subsleep mode.
See section 24, Power-Down States.

Figure 2-15 State Transitions

2.8.2 Reset State

The CPU enters the reset state wherRi® pin goes low, or when tRdRES pin goes low while

manual resets are enabled by the MRESE bit. In the reset state, currently executing processing i

halted and all interrupts are disabled.
For details of MRESE bit setting, see section 3.2.2, System Control Register (SYSCR).

Reset exception handling starts whenRIES or MRES pin* changes from low to high.

The reset state can also be entered in the event of watchdog timer overflow. For details see sect

15, Watchdog Timer.

Note: *MRES pin in the case of a manual reset.

86
HITACHI



2.8.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to a reset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

(1) Types of Exception Handling and Their Priority

Exception handling is performed for traces, resets, interrupts, and trap instructions. Table 2-7
indicates the types of exception handling and their priority. Trap instruction exception handling i
always accepted, in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SYSCR.

Table 2-7  Exception Handling Types and Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
A immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Trace End of instruction When the trace (T) bit is set to
execution or end of 1, the trace starts at the end of
exception-handling the current instruction or current
sequence** exception-handling sequence

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence*? current exception-handling

sequence

Trap instruction When TRAPA instruction  Exception handling starts when

| is executed a trap (TRAPA) instruction is
Low executed*?®

Notes: *1 Traces are enabled only in interrupt control mode 2. Trace exception-handling is not
executed at the end of the 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.
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(2) Reset Exception Handling

After theRES pin has gone low and the reset state has been enteredRBSi@in goes high

again, reset exception handling starts. After the reset state has been entered by dvRigSthe

pin low while manual resets are enabled by the MRESE bit, reset exception handling starts when
MRES pin is driven high again. The CPU enters the power-on reset state wiRgEStpéa is low,

and enters the manual reset state wheMIRES pin is low. When reset exception handling starts
the CPU fetches a start address (vector) from the exception vector table and starts program
execution from that address. All interrupts, including NMI, are disabled during reset exception
handling and after it ends.

(3) Traces

Traces are enabled only in interrupt control mode 2. Trace mode is entered when the T bit of EXI
is set to 1. When trace mode is established, trace exception handling starts at the end of each
instruction.

At the end of a trace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mo
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retains its value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception-
handling is not executed at the end of the RTE instruction.

Trace mode is not entered in interrupt control mode 0, regardless of the state of the T bit.
(4) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack point
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2-16 shows the stack after exception handling ends.
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Normal mode*?

sp—

CCR

CCR™!

PC
(16 bits)

J\

(a) Interrupt control mode O

Advanced mode

sp—

CCR

- _ PC I
. (24 bits) L

\\\\_d///////'“\\\

(c) Interrupt control mode 0

Notes: *1 Ignored when returning.

*2 Not available in the H8S/2633 Series.

SP—~

\\\\_,///////—‘\\\

EXR

Reserved”?!

CCR

CCR™!

PC
(16 bits)

J\

(b) Interrupt control mode 2

SP—

\/\

EXR
Reserved"?!
CCR

- - PC R
(24 bits)

\\\\_,///////—‘\\\

(d) Interrupt control mode 2

Figure 2-16 Stack Structure after Exception Handling (Examples)
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2.8.4 Program Execution State

In this state the CPU executes program instructions in sequence.

2.8.5 Bus-Released State

This is a state in which the bus has been released in response to a bus request from a bus maste
other than the CPU. While the bus is released, the CPU halts operations.

Bus masters other than the CPU are DMA controller (DMAC)* and data transfer controller
(DTC)*.

For further details, refer to section 7, Bus Controller.

Note: * DMAC and DTC functions are not available in the H8S/2695.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in whic
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, hardware standby mode, subsleep’manttvatch modé* There are

also three other power-down modes: medium-speed mode, module stop mode, and subactive
mode*. In medium-speed mode the CPU and other bus masters operate on a medium-speed clo
Module stop mode permits halting of the operation of individual modules, other than the CPU.
Subactive modé* subsleep modé*and watch modé*are power-down states using subclock

input. For details, refer to section 24, Power-Down Modes.

(1) Sleep ModeA transition to sleep mode is made if the SLEEP instruction is executed while
the software standby bit (SSBY) in the standby control register (SBYCR) is cleared to 0. In sleep
mode, CPU operations stop immediately after execution of the SLEEP instruction. The contents «
CPU registers are retained.

(2) Software Standby ModeA transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit in SBYCR is set to 1, the LSON bit in LPWRCR is set
to 0, and the PSS bit in TCSR (WDT14)fs set to 0. In software standby mode, the CPU and

clock halt and all MCU operations stop. As long as a specified voltage is supplied, the contents o
CPU registers and on-chip RAM are retained. The I/O ports also remain in their existing states.

(3) Hardware Standby Mode:A transition to hardware standby mode is made wheRTB&

pin goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop.
The on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip
RAM contents are retained.

Notes: *1 This function is not available in the H8S/2695.
*2 WDT1 is not available in the H8S/2695.
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2.9 Basic Timing

29.1 Overview

The H8S/2600 CPU is driven by a system clock, denoted by the symbol @. The period from one
rising edge of g to the next is referred to as a "state." The memory cycle or bus cycle consists o
one, two, or three states. Different methods are used to access on-chip memory, on-chip
supporting modules, and the external address space.

29.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte an
word transfer instruction. Figure 2-17 shows the on-chip memory access cycle. Figure 2-18 sho
the pin states.

Read ! !
access | 1
Internal data bus : ( Readdata )
. Internal write signal A\ \/
Write :
access ‘

N

Write data >—

Figure 2-17 On-Chip Memory Access Cycle
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Address bus Unchanged

AS High

RD High

FWR, LWR High

Data bus 3I-Iigh-impedance statei

Figure 2-18 Pin States during On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data bus is either 8 bits or 16 |
wide, depending on the particular internal 1/O register being accessed. Figure 2-19 shows the
access timing for the on-chip supporting modules. Figure 2-20 shows the pin states.

Bus cycle

Internal address bus

Address

Internal read signal A\

Read !

access ; / \
Internal data bus ; \ Read data >—
Internal write signal \ '/

Write :

access
Internal data bus ; < Write data >—

Figure 2-19 On-Chip Supporting Module Access Cycle
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Bus cycle

Address bus | Unchgnged |
AS Hijgh
RD High
Data bus High-impecjjance state

Figure 2-20 Pin States during On-Chip Supporting Module Access

294 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in a two-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer
section 7, Bus Controller.

2.10 Usage Note

2.10.1 TAS Instruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TAS
instruction is not generated by the Hitachi H8S and H8/300 series C/C++ compilers. If the TAS
instruction is used as a user-defined intrinsic function, ensure that only register ERO, ER1, ER4,
ERS5 is used.
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Section 3 MCU Operating Modes

3.1 Overview

3.1.1 Operating Mode Selection

The H8S/2633 Series has four operating modes (modes 4 to 7). These modes enable selection
the CPU operating mode, enabling/disabling of on-chip ROM, and the initial bus width setting, b
setting the mode pins (MD2 to MDO).

Table 3-1 lists the MCU operating modes.

Table 3-1 MCU Operating Mode Selection

MCU CPU External Data Bus

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Width Width

0* 0 0 0 — — — —

1* 1

2* 1 0

3* 1

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

5 1 8 bits 16 bits

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

expanded mode

7 1 Single-chip mode —
Note: * Not available in the H8S/2633 Series.

The CPU’s architecture allows for 4 Gbytes of address space, but the H8S/2633 Series actually
accesses a maximum of 16 Mbytes.

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

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After progr
execution starts, an 8-bit or 16-bit address space can be set for each area, depending on the bu
controller setting. If 16-bit access is selected for any one area, 16-bit bus mode is set; if 8-hit
access is selected for all areas, 8-bit bus mode is set.

Note that the functions of each pin depend on the operating mode.
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The H8S/2633 Series can be used only in modes 4 to 7. This means that the mode pins must be
to select one of these modes. Do not change the inputs at the mode pins during operation.

3.1.2 Register Configuration

The H8S/2633 Series has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD2 to MDO), and a system control register (SYSCR) that controls the operation of the
H8S/2633 Series. Table 3-2 summarizes these registers.

Table 3-2 MCU Registers

Name Abbreviation R/W Initial Value Address *
Mode control register MDCR R/W Undetermined H'FDE7
System control register SYSCR R/W H'01 H'FDES
Pin function control register PFCR R/W H'0OD/H'00 H'FDEB

Note: * Lower 16 bits of the address.

3.2 Register Descriptions

3.2.1 Mode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0
— — — — — MDS2 | MDS1 | MDSO

Initial value : 1 0 0 0 0 —* —* —*

R/W : R/W — — — — R R R

Note: * Determined by pins MD2 to MDO.
MDCR is an 8-bit register that indicates the current operating mode of the H8S/2633 Series.
Bit 7—Reserved:Only 1 should be written to this bit.
Bits 6 to 3—ReservedThese bits always read as 0 and cannot be modified.

Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDSOY.hese bits indicate the input levels at pins

MD2 to MDO (the current operating mode). Bits MDS2 to MDSO correspond to MD2 to MDO.
MDS2 to MDSO are read-only bits-they cannot be written to. The mode pin (MD2 to MDO) input
levels are latched into these bits when MDCR is read. These latches are cancelled by a power-ol
reset, but maintained by a manual reset.
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3.2.2 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
MACS — INTM1 | INTMO | NMIEG | MRESE — RAME

Initial value : 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-bit readable-writable register that selects saturating or non-saturating calculatior
for the MAC instruction, selects the interrupt control mode, selects the detected edge for NMlI,
enables or disabl@dRES pin input, and enables or disables on-chip RAM.

SYSCR is initialized to H'01 by a power-on reset and in hardware standby mode. MACS, INTM1
INTMO, NMIEG, and RAME bits are initialized in manual reset mode, but the MRESE bit is not
initialized. SYSCR is not initialized in software standby mode.

Bit 7—MAC Saturation (MACS): Selects either saturating or non-saturating calculation for the
MAC instruction.

Bit 7
MACS Description

0 Non-saturating calculation for MAC instruction (Initial value)

1 Saturating calculation for MAC instruction

Bit 6—Reserved:This bit always read as 0 and cannot be modified.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM1, INTMO): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4 Interrupt

INTM1 INTMO Control Mode Description

0 0 0 Control of interrupts by | bit (Initial value)
1 — Setting prohibited

1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited
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Bit 3—NMI Edge Select (NMIEG): Selects the valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

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

Bit 2—Manual Reset Selection Bit (MRESE):Enables or disables manual reset input. It is
possible to set the P74/TMOZRES pin to the manual reset inpMMRES).

Table 3-3 shows the relationship betweenMRES pin power-on reset and manual reset.

Bit 2
MRESE Description

0 Disables manual reset.
Possible to use P74/TM02*/MRES pin as P74/TM02* input pin. (Initial value)
1 Enables manual reset.

Possible to use P74/TM02*/MRES pin as MRES input pin.
Note: * This function is not available in the H8S/2695.

Table 3-3  Relationship Between Power-On Reset and Manual Reset

Pin
RES MRES Reset Type
0 * Power-on reset (Initial state)
1 0 Manual reset
1 Operation state

*: Don't care

Bit 1—Reserved:This bit always read as 0 and cannot be modified.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset status is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

Note: When the DTC* is used, the RAME bit must be set to 1.
* The DTC function is not available in the H8S/2695.
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3.23 Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0
CSS07 | CSS36 | BUZZE | LCASS AE3 AE2 AE1 AEO

Initial value : 0 0 0 0 1/0 1/0 0 1/0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-bit readable-writable register that carries out CS selection control for PG4 and PG
pins, LCAS selection control for PF2 and PF6 pins, and address output control during extension
modes with ROM.

PFCR is initialized by H'OD/H'00 by a power-on reset or a hardware standby mode. The
immediately previous state is maintained in manual reset or software standby mode.

Bit 7—CS0/CS7 Select (CSS07)Selects the CS output content for PG4 pin. In modes 4 to 6, the
selected CS is output by setting the corresponding DDR to 1.

Bit 7

CSSso07 Description

0 Select CSO (Initial value)
1 Select CS7

Bit 6—CS3/CS6 Select (CSS36):Selects the CS output content for PG1 pin. In modes 4 to 6, the
selected CS is output by setting the corresponding DDR to 1.

Bit 6
CSS36 Description
0 Select CS3 (Initial value)
1 Select CS6
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Bit 5—BUZZ Output Enable (BUZZE)*: Disables/enables BUZZ output of PF1 pin. Input
clock of WDT1 selected by PSS, CKS2 to CKSO bits is output as a BUZZ signal.

Bit 5

BUZZE Description

0 Functions as PF1 input pin (Initial value)
1 Functions as BUZZ output pin

Note: * This function is not available in the H8S/2695. This bit should not be set to 1.

Bit 4—LCAS Output Pin Selection Bit (LCASS)*: Selects the LCAS signal output pin.

Bit 4

LCASS Description

0 Outputs LCAS signal from PF2 (Initial value)
1 Outputs LCAS signal from PF6

Note: *This function is not available in the H8S/2695. This bit should not be set to 1.

Bits 3 to 0—Address Output Enable 3 to 0 (AE3—AEOQ)These bits select enabling or disabling

of address outputs A8 to A23 in ROMless expanded mode and modes with ROM. When a pin is
enabled for address output, the address is output regardless of the corresponding DDR setting.
When a pin is disabled for address output, it becomes an output port when the corresponding DC
bit is set to 1.
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Bit 3 Bit 2 Bit 1 Bit O
AE3 AE2 AE1l AEO Description
0 0 0 0 A8-A23 address output disabled (Initial value*)
A8 address output enabled; A9—A23 address output disabled
1 0 A8, A9 address output enabled; A10-A23 address output
disabled
1 A8-A10 address output enabled; A11-A23 address output
disabled
1 0 0 A8-A11 address output enabled; A12—-A23 address output
disabled
1 A8-A12 address output enabled; A13—-A23 address output
disabled
1 0 A8-A13 address output enabled; A14-A23 address output
disabled
1 A8-A14 address output enabled; A15-A23 address output
disabled
1 0 0 0 A8-A15 address output enabled; A16—A23 address output
disabled
1 A8-A16 address output enabled; A17-A23 address output
disabled
1 0 A8-A17 address output enabled; A18—-A23 address output
disabled
1 A8-A18 address output enabled; A19-A23 address output
disabled
1 0 0 A8-A19 address output enabled; A20-A23 address output
disabled
1 A8-A20 address output enabled; A21-A23 address output
disabled (Initial value*)
1 0 A8-A21 address output enabled; A22, A23 address output
disabled
1 A8-A23 address output enabled

Note: * In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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3.3 Operating Mode Descriptions

331 Mode 4
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disable

Ports 1, A, B, and C, function as an address bus, ports D and E function as a data bus, and part
port F carries bus control signals.

The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. However, note that if ¢
bit access is designated by the bus controller for all areas, the bus mode switches to 8 bits.

3.3.2 Mode 5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disable

Ports 1, A, B, and C, function as an address bus, ports D and E function as a data bus, and part
port F carries bus control signals.

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switches to 16 bits and
port E becomes a data bus.

3.3.3 Mode 6

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enable

Ports 1, A, B, and C, function as input port pins immediately after a reset. Address output can be
performed by setting the corresponding DDR (data direction register) bits to 1.

Port D function as a data bus, and part of port F carries data bus signals.

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switches to 16 bits and
port E becomes a data bus.

3.34 Mode 7

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

All I/O ports are available for use as input-output ports.
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3.4 Pin Functions in Each Operating Mode

The pin functions of ports A to F vary depending on the operating mode. Table 3-3 shows their
functions in each operating mode.

Table 3-3  Pin Functions in Each Mode

Port Mode 4 Mode 5 Mode 6 Mode 7
Port 1 P1, P/A* P/A* P*/A P
P1, to P1, P*/A P*/A P*/A P
Port A PA, to PA, A A P* /A P
Port B A A P*/A P
Port C A A P*/A P
Port D D D D P
Port E P/D* P*/D P*/D P
Port F PF, p/C* p/C* P/C* P*/C
PF, to PF, C C C P
PF, P/C* P*/C P*/C
PF, to PF, P*/C P*/C P*/C
Port G PG, C c P*/C
PG, to PG, P*/C P*/C P*/C
Legend
P: 1/O port
A: Address bus output
D: Data bus I/0
C: Control signals, clock I/O
*: After reset

3.5 Address Map in Each Operating Mode

An address map of the H8S/2633, H8S/2633R are shown in figure 3.1, and an address map of t
H8S/2632 in figure 3-2, and an address map of the H8S/2631 in figure 3-3, and an address may
the H8S/2695 in figure 3-4.

The address space is 16 Mbytes in modes 4 to 7 (advanced modes).

The address space is divided into eight areas for modes 4 to 7. For details, see section 7, Bus
Controller.
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Modes 4 and 5 Mode 6 Mode 7

(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
External address On-chip ROM On-chip ROM
space
H'03FFFF
NN N H'040000vﬂ External address _| .
space
H'FFB000 H'FFBO00 H'FFBO00
On-chip RAM*1 On-chip RAM*1 On-chip RAM

H'FFEFBF

H'FFEFCO H'FFEFCO

External area External area
H'FFF800 H'FFF800 H'FFF800
Internal I/0 registers*?2 Internal I/O registers*2 Internal /0 registers*2

H'FFFF3F

H'FFFF40 H'FFFF40

External area External area
H'FFFF60 . H'FFFF60 _ H'FFFF60 _
Internal I/O registers Internal I/O registers Internal I/O registers
H'FFFFCO o " H'FFFFCO o o H'FFFFCO o
HEFEEFE On-chip RAM H'FEFEEF On-chip RAM H'EEFEFE On-chip RAM

Notes: *1 External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
*2 Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure 3-1 Memory Map in Each Operating Mode in the H8S/2633, H8S/2633R
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Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

Mode 6

(advanced expanded mode

with

on-chip ROM enabled)

H'000000 H'000000
On-chip ROM
External address
space
H'030000
Reserved area
A | HO040000 | External address |
T T T space B
H'FFBO00 | Reserved area H'FFBO00 |  Reserved area
H'FFC000 H'FFC000
On-chip RAM*1 On-chip RAM*1
HFFEFCO External area HFFEFCO External area
H'FFF800 H'FFF800
Internal I/O registers*2 Internal I/O registers*2
H'FFFF40 H'FFFF40
External area External area
H'FFFF60 _ H'FFFF60 .
Internal 1/O registers Internal 1/O registers
H'FFFFCO L o H'FFFFCO o "
HEEFEFE On-chip RAM HEEFEFE On-chip RAM

Mode 7

(advanced single-chip mode)

H'000000

H'O2FFFF

H'FFC000

H'FFEFBF

HFFF800

H'FFFF3F

H'FFFF60

H'FFFFCO
H'FFFFFF

On-chip ROM

On-chip RAM

Internal 1/O registers*2

Internal I/O registers

On-chip RAM

Notes: *1 External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
*2 Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure 3-2 Memory Map in Each Operating Mode in the H8S/2632
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Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

H'000000
External address
space
H'FFBO00 | Reserved area
H'FFD000
On-chip RAM*1
HFFEFCO External area
H'FFF800
Internal I/O registers*2
H'FFFF40
External area
H'FFFF60 -
Internal 1/O registers
H'FFFFCO e 1
HEEFEFE On-chip RAM

Mode 6

(advanced expanded mode

with

H'000000

H'020000

H'040000 | External address |

H'FFB0O00
H'FFDO00

HFFEFCO
HFFF800

HFFFF40
HFFFF60

HFFFFCO
HFFFFFF

on-chip ROM enabled)

On-chip ROM

Reserved area

space

Reserved area

On-chip RAM*1

External area

Internal I/0O registers*2

External area

Internal 1/O registers

On-chip RAM*1

(advanced single-chip mode)

H'000000

H'O1FFFF

H'FFDO00

HFFEFBF

H'FFF800

H'FFFF3F

H'FFFF60

H'FFFFCO
HFFFFFF

Mode 7

On-chip ROM

On-chip RAM

Internal I/O registers*2

Internal 1/O registers

On-chip RAM

Notes: *1 External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
*2 Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.
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Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

Mode 6

(advanced expanded mode

with

on-chip ROM enabled)

H'000000 H'000000
On-chip ROM
External address
space
H'030000
Reserved area
A | HO040000 | External address |
T T T space B
H'FFBO00 | Reserved area H'FFBO00 |  Reserved area
H'FFD000 H'FFDO00
On-chip RAM*1 On-chip RAM*1
HFFEFCO External area HFFEFCO External area
H'FFF800 H'FFF800
Internal I/O registers*2 Internal I/O registers*2
H'FFFF40 H'FFFF40
External area External area
H'FFFF60 _ H'FFFF60 .
Internal 1/O registers Internal 1/O registers
H'FFFFCO L o H'FFFFCO o "
HEEFEFE On-chip RAM HEEFEFE On-chip RAM

Mode 7

(advanced single-chip mode)

H'000000

H'O2FFFF

H'FFD000

H'FFEFBF

HFFF800

H'FFFF3F

H'FFFF60

H'FFFFCO
H'FFFFFF

On-chip ROM

On-chip RAM

Internal 1/O registers*2

Internal I/O registers

On-chip RAM

Notes: *1 External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
*2 Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure 3-4 Memory Map in Each Operating Mode in the H8S/2695
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Section 4 Exception Handling

4.1 Overview

4.1.1 Exception Handling Types and Priority

As table 4-1 indicates, exception handling may be caused by a reset, direct transition, trap
instruction, or interrupt. Exception handling is prioritized as shown in table 4-1. If two or more
exceptions occur simultaneously, they are accepted and processed in order of priority. Trap
instruction exceptions are accepted at all times, in the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending ¢
the interrupt control mode set by the INTMO and INTM1 bits of SYSCR.

Table 4-1  Exception Types and Priority

Priority  Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES
A pin or MRES pin, or when the watchdog overflows. The

CPU enters the power-on reset state when the RES pin is
low, and the manual reset state when the MRES pin is low

Trace*! Starts when execution of the current instruction or exception
handling ends, if the trace (T) bitis setto 1
Direct transition Starts when a direct transition occurs due to execution of a
SLEEP instruction
Interrupt Starts when execution of the current instruction or exception
4 handling ends, if an interrupt request has been issued*?
Low Trap instruction (TRAPA)*® Started by execution of a trap instruction (TRAPA)

Notes: *1 Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.

*2 Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

*3 Trap instruction exception handling requests are accepted at all times in program
execution state.
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41.2 Exception Handling Operation

Exceptions originate from various sources. Trap instructions and interrupts are handled as follow

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

2. The interrupt 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 a reset exception, steps 2 and 3 above are carried out.

41.3 Exception Vector Table

The exception sources are classified as shown in figure 4-1. Different vector addresses are

assigned to different exception sources.

Table 4-2 lists the exception sources and their vector addresses.

Exception
sources

Power-on reset

Reset

Manual reset
Trace

External interrupts: NMI, IRQ7 to IRQO
Interrupts

Internal interrupts: 72 interrupt sources in
on-chip supporting modules

Trap instruction
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Table 4-2  Exception Vector Table

Exception Source

Vector Number

Vector Address **

Advanced Mode

Power-on reset 0 H'0000 to H'0003
Manual reset*® 1 H'0004 to H'0007
Reserved for system use 2 H'0008 to H'000B
3 H'000C to H'000F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017
Direct transition** 6 H'0018 to H'001B
External interrupt NMI 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

IRQ6 22 H'0058 to H'005B

IRQ7 23 H'005C to H'005F

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

g ]
127 H'01FC to H'O1FF

Notes: *1 Lower 16 bits of the address.
*2 For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling

Vector Table.

*3 See section 24.11, Direct Transitions, for details on direct transitions.

This function is not available in the H8S/2695.
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4.2 Reset

4.2.1 Overview

A reset has the highest exception handling priority. There are two kinds of reset: a power-on rese
executed via thBES pin, and a manual reset executed viaMIRES pin.

When theRES or MRES pin* goes low, currently executing processing is halted and the chip
enters the reset state. A reset initializes the internal state of the CPU and the registers of on-chip
supporting modules. Immediately after a reset, interrupt control mode 0 is set.

Reset exception handling starts whenRIES or MRES pin* changes from low to high.

The reset state can also be entered in the event of watchdog timer overflow. For details see
section 15, Watchdog Timer.

Note: *MRES pin in the case of a manual reset.

4.2.2 Types of Reset
There are two types of reset: power-on reset and manual reset.
Table 4-3 shows the types of reset. When turning power on, do so as a power-on reset.

Both power-on reset and manual reset initialize the internal state of the CPU. In a power-on rese
all of the registers of the built-in vicinity modules are initialized, while in a manual reset, the
registers of the built-in vicinity models except for bus controllers and 1/O ports are initialized. The
states of the bus controllers and 1/O ports are maintained.

During a manual reset built-in vicinity modules are initialized, and ports used as input pins for
built-in vicinity modules switch to the input ports controlled by DDR and DR.

If using manual reset, set the MRESE bit to 1 beforehand, thereby enabling manual resets.
See section 3.2.2, System Control Register (SYSCR) for settings of the MRESE bit.

There are also power-on resets and manual resets as the two types of reset carried out by the
watchdog timer.
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Table 4-3  Types of Reset

Type Conditions for
Transition to Reset Internal State
MRES RES CPU Built-in vicinity module
Power-on reset * Low Initialization Initialization
Manual reset Low High Initialization Initialization except for bus controller and 1/0

port

4.2.3 Reset Sequence

*: Don't Care

This LSI enters reset state when Ri€S pin orMRES pin goes low.

To ensure that this LSl is reset, hold Ri€S pin or theMRES pin low for at least 20 ms at power-
up. To reset during operation, hold RES pin or theMRES pin low for at least 20 states.

When theRES pin or theMRES pin goes high after being held low for the necessary time, this
LSI starts reset exception handling as follows.

1. The internal state of the CPU and the registers of the on-chip supporting modules are
initialized, the T bit is cleared to 0 in EXR, and the | bitis set to 1 in EXR and CCR.

2. The reset exception handling vector address is read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4-2 and 4-3 show examples of the reset sequence.
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Vector Internal Prefetch of first program
fetch processing  instruction

RES, MRES /

Address bus

HWR, LWR

D15 to DO

(1) (3) Reset exception handling vector address (when power-on reset, (1) = H'000000*,
(3) = H'000002; when manual reset, (1)= H'000004, (3)= H'000006)

(2) (4) start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure 4-2 Reset Sequence (Modes 4 and 5)
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Prefetch of
Vector Internal  first program
fetch processing instruction

)

Internal >< (1) >< (3)3 >< (5) ><:

address bus

Internal read
signal

Internal write | | | |
signal | | | |

| ! | | |

| |
Internal data : 2) 3 m : m
bus ! ‘ !

(1) (3) Reset exception handling vector address (when power-on reset, (1) = H'000000,
(3) = H'000002)

(2) (4) sStart address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Figure 4-3 Reset Sequence (Modes 6 and 7)

4.2.4 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the PC anc
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt reques
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initialize:
the stack pointer (example: MOV.L #xx: 32, SP).

4.2.5 State of On-Chip Supporting Modules after Reset Release

After reset release, MSTPCRA to MSTPCRC are initialized to H'3F, H'FF, and H'FF, respectivel
and all modules except the DMAC* and DTC*, enter module stop mode. Consequently, on-chip
supporting module registers cannot be read or written to. Register reading and writing is enable
when module stop mode is exited.

Note: * DMAC and DTC functions are not available in the H8S/2695.
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4.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction.

Trace mode is canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4-4 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retains its value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table 4-4  Status of CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
Legend
1. Settol

0: Clearedto O
—: Retains value prior to execution
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4.4 Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQOQ) an
72 internal sources in the on-chip supporting modules. Figure 4-4 classifies the interrupt source:
and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-bit timer-pulse unit (TPU), 8-bit tim&rserial communication interface (SCI), data transfer
controller (DTCY, DMA controller (DMACY", PC break controller (PBE)A/D converter, and

I2C bus interface (IIC). Each interrupt source has a separate vector address.

NMI is the highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
eight priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

Note: * This function is not available in the H8S/2695.

External NMI (1)
interrupts IRQ7 to IRQO (8)

WDT*L (2)

Refresh timer"2 "3 (1)
TPU (26)

8-bit timer”3 (12)
Internal SCI (20)

interrupts DTC'3 (1)

DMAC™3 (4)

PBC™3 (1)

A/D converter (1)
IIC*3 (4) (Option)

Interrupts

Notes: Numbers in parentheses are the numbers of interrupt sources.
*1 When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.
*2 When refresh timer is used as an interval time, an interrupt request
is generated by compare match.
*3 This function is not available in the H8S/2695.

Figure 4-4 Interrupt Sources and Number of Interrupts
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4.5 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instructior
exception handling can be executed at all times in the program execution state.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vectc

number from 0 to 3, as specified in the instruction code.

Table 4-5 shows the status of CCR and EXR after execution of trap instruction exception

handling.

Table 4-5 Status of CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend
1. Settol

0: Clearedto 0
—: Retains value prior to execution
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4.6 Stack Status after Exception Handling

Figure 4-5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

SP —» EXR
Reserved*
SP —» CCR CCR
,,,,,,,,,,, CCR* CCR*
PC PC
””””” (16 bits) | | (16bits)
(a) Interrupt control mode 0 (b) Interrupt control mode 2
Note: * Ignored on return.

Figure 4-5 (1) Stack Status after Exception Handling (Normal Modes: Not Available in the
H8S/2633 Series)

\/\ \/\

SP —» EXR
Reserved*
SP —» CCR CCR
ffffffff PC - - PCooe-
,,,,,,,, (24bits) -~ Lo ___(24bits)._______]

\/\ \/\

(a) Interrupt control mode O (b) Interrupt control mode 2

Note: * Ignored on return.

Figure 4-5 (2) Stack Status after Exception Handling (Advanced Modes)
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4.7 Notes on Use of the Stack

When accessing word data or longword data, the H8S/2633 Series assumes that the lowest addt
bit is 0. The stack should always be accessed by word transfer instruction or longword transfer
instruction, and the value of the stack pointer (SP, ER7) should always be kept even. Use the
following instructions to save registers:

PUSHW Rr  (or MV.WR), @SP)
PUSHL ER1 (or MOV.L ERn, @SP)

Use the following instructions to restore registers:

POP.W R (or MOV.W@P+ Rn)
PCP.L ER1  (or MOV.L @P+ ER))

Setting SP to an odd value may lead to a malfunction. Figure 4-6 shows an example of what
happens when the SP value is odd.

CCR SP-» R1L H'FFFEFA
SP H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
sPw»| 1
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFFEFF

TRAP instruction executed MOV.B R1L, @-ER7
E— —

SP set to H'FFFEFF  Data saved above SP Contents of CCR lost

Legend CCR: Condition code register
PC: Program counter
R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode
is 0, in advanced mode.

Figure 4-6 Operation when SP Value is Odd
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Section 5 Interrupt Controller

51 Overview

51.1 Features

The H8S/2633 Series controls interrupts by means of an interrupt controller. The interrupt
controller has the following features:

« Two interrupt control modes

O Any of two interrupt control modes can be set by means of the INTM1 and INTMO bits in
the system control register (SYSCR)

¢ Priorities settable with IPR
O An interrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI
O NMI is assigned the highest priority level of 8, and can be accepted at all times

¢ Independent vector addresses

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

* Nine external interrupts

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

O Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IR(
to IRQO

e DTC* and DMAC* control
0 DTC and DMAC activation is performed by means of interrupts

Note: * This function is not available in the H8S/2695.
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5.1.2 Block Diagram

A block diagram of the interrupt controller is shown in Figure 5-1.

| INTM1, INTMO

SYSCR|

NMIEG ¢

NMI input

IRQ input

Internal interrupt

= NMI input unit

IRQ input unit
ISR

Priority

Interrupt
request

Vector
number

determination

CPU

12to 10

request
SWDTEND to
TEI4
Interrupt controller
Legend
ISCR :IRQ sense control register
IER 1 IRQ enable register
ISR : IRQ status register
IPR . Interrupt priority register

SYSCR : System control register

| EXR
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5.1.3 Pin Configuration

Table 5-1 summarizes the pins of the interrupt controller.

Table 5-1  Interrupt Controller Pins

Name

Symbol

/10 Function

Nonmaskable interrupt

Input

Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt
requests 7 to O

IRQ7 to IRQO Input

Maskable external interrupts; rising, falling, or

both edges, or level sensing, can be selected

5.14 Register Configuration

Table 5-2 summarizes the registers of the interrupt controller.

Table 5-2  Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address

System control register SYSCR R/W H'01 H'FDES
IRQ sense control register H ISCRH R/W H'00 H'FE12
IRQ sense control register L ISCRL R/W H'00 H'FE13
IRQ enable register IER R/W H'00 H'FE14
IRQ status register ISR RI(W)*? H'00 H'FE15
Interrupt priority register A IPRA R/W H77 H'FECO
Interrupt priority register B IPRB R/W H'77 H'FEC1
Interrupt priority register C IPRC R/W H77 H'FEC2
Interrupt priority register D IPRD R/W H'77 H'FEC3
Interrupt priority register E IPRE R/W H'77 H'FEC4
Interrupt priority register F IPRF R/W H'77 H'FEC5
Interrupt priority register G IPRG R/W H77 H'FEC6
Interrupt priority register H IPRH R/W H'77 H'FEC7
Interrupt priority register | IPRI R/W H'77 H'FECS8
Interrupt priority register J IPRJ R/W H'77 H'FEC9
Interrupt priority register K IPRK R/W H'77 H'FECA
Interrupt priority register L IPRL R/W H'77 H'FECB
Interrupt priority register O IPRO R/W H77 H'FECE

Notes: *1 Lower 16 bits of the address.
*2 Can only be written with O for flag clearing.

HITACHI
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5.2 Register Descriptions

5.2.1 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
MACS — INTM1 | INTMO | NMIEG | MRESE — RAME

Initial value : 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, and the
detected edge for NMI.

Only bits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Contro
Register (SYSCR).

SYSCR is initialized to H'01 by a power-on reset, manual reset, and in hardware standby mode.
SYSCR is not initialized in software standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and 0 (INTM1, INTMO): These bits select one of two
interrupt control modes for the interrupt controller.

Bit 5 Bit 4 Interrupt
INTM1 INTMO Control Mode  Description

0 0 0 Interrupts are controlled by | bit (Initial value)
1 — Setting prohibited

1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selects the input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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5.2.2 Interrupt Priority Registers Ato L, O (IPRA to IPRL, IPRO)

Bit : 7 6 5 4 3 2 1 0
— IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO

Initial value : 0 1 1 1 0 1 1 1

R/W : — R/W R/W R/W — R/W R/W R/W

The IPR registers are thirteen 8-bit readable/writable registers that set priorities (levels 7 to 0) fc
interrupts other than NMI.

The correspondence between IPR settings and interrupt sources is shown in table 5-3.
The IPR registers set a priority (level 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by a reset and in hardware standby mode.
Bits 7 and 3—ReservedThese bits are always read as 0 and cannot be modified.

Table 5-3  Correspondence between Interrupt Sources and IPR Settings

Bits

Register 6to4 2t00
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC*

IRQ7
IPRD Watchdog timer O Refresh timer
IPRE PC break* A/D converter, watchdog timer 1*
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRI 8-bit timer channel 0* 8-bit timer channel 1*
IPRJ DMAC SCI channel 0
IPRK SCI channel 1 SCI channel 2
IPRL 8-bit timer 2, 3* IIC (Option)*
IPRO SCI channel 3 SCI channel 4

Note: * This function is not available in the H8S/2695.
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As shown in table 5-3, multiple interrupts are assigned to one IPR. Setting a value in the range
from H'0 to H'7 in the 3-bit groups of bits 6 to 4 and 2 to 0 sets the priority of the corresponding
interrupt. The lowest priority level, level 0, is assigned by setting H'0, and the highest priority
level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority
levels set in the IPR registers is selected. This interrupt level is then compared with the interrupt
mask level set by the interrupt mask bits (12 to 10) in the extend register (EXR) in the CPU, and if
the priority level of the interrupt is higher than the set mask level, an interrupt request is issued to
the CPU.

5.2.3 IRQ Enable Register (IER)

Bit : 7 6 5 4 3 2 1 0
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQLE | IRQOE

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

IER is initialized to H'00 by a reset and in hardware standby mode.
They are not initialized in software standby mode.

Bits 7 to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bit n
IRQNE Description

0 IRQn interrupts disabled (Initial value)
1 IRQnN interrupts enabled

(n=71t00)
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5.2.4 IRQ Sense Control Registers H and L (ISCRH, ISCRL)

ISCRH

Bit : 15 14 13 12 11 10 9 8
IRQ7SCB | IRQ7SCA| IRQ6SCB | IRQ6SCA | IRQ5SCB | IRQ5SCA | IRQ4SCB | IRQ4SCA

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ISCRL

Bit : 7 6 5 4 3 2 1 0
IRQ3SCB | IRQ3SCA| IRQ2SCB | IRQ2SCA | IRQ1SCB | IRQ1SCA | IRQOSCB | IRQOSCA

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The ISCR registers are 16-bit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input atIRiQ3 to IRQO.

The ISCR registers are initialized to H'0000 by a reset and in hardware standby mode.
They are not initialized in software standby mode.

Bits 15 to 0:IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQ0 Sense Control A and
B (IRQOSCA, IRQOSCB)

Bits 15to O
IRQ7SCBto IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(initial value)
Interrupt request generated at falling edge of IRQ7 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

1 Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input
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5.2.5 IRQ Status Register (ISR)

Bit : 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQ1F | IRQOF

Initial value : 0 0 0 0 0 0 0 0

R/W o RIW)*  RI(W)*  R/(W)*  RI(W)* R/I(W)* R/(W)* R/(W)* R/(W)*

Note: * Only O can be written, to clear the flag.

ISR is an 8-bit readable/writable register that indicates the status of IRQ7 to IRQO interrupt
requests.

ISR is initialized to H'00 by a reset and in hardware standby mode.
They are not initialized in software standby mode.

Bits 7 to 0—IRQ7 to IRQO flags (IRQ7F to IRQOF): These bits indicate the status of IRQ7 to
IRQO interrupt requests.

Bit n
IRQNF  Description

0 [Clearing conditions] (Initial value)
¢ Cleared by reading IRQnF flag when IRQnF = 1, then writing 0 to IRQnF flag
« When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high
« When IRQn interrupt exception handling is executed when falling, rising, or both-edge
detection is set (IRQnSCB =1 or IRQnNSCA =1)

«  When the DTC* is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTC* is cleared to 0

1 [Setting conditions]

¢ When IRQn input goes low when low-level detection is set (IRQnSCB = IRQNSCA =
0)

* When a falling edge occurs in IRQn input when falling edge detection is set
(IRQnSCB =0, IRQNSCA =1)

« When arising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB =1, IRQNSCA = 0)

« When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

(n=71t00)
Note: * The DTC function is not available in the H8S/2695.
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5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts (7
sources).

5.3.1 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. Of these, NMI and IRQ7 to IRQO can
be used to restore the H8S/2633 Series from software standby mode.

NMI Interrupt: NMI is the highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIE(
bit in SYSCR can be used to select whether an interrupt is requested at a rising edge or a falling
edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ7 to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal atR@is
to IRQO. Interrupts IRQ7 to IRQO have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, at pR37 to IRQO.

« Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.

e The interrupt priority level can be set with IPR.

* The status of interrupt requests IRQ7 to IRQO is indicated in ISR. ISR flags can be cleared tc
by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5-2.

IRQNE

IRQNSCA, IRQNSCB
# IRQNF

}—m= IRQn interrupt
[> Edge/level "
detection circuit S Q request

IRQn input R

Clear signal

Note: n: 7to 0

Figure 5-2 Block Diagram of Interrupts IRQ7 to IRQO
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Figure 5-3 shows the timing of setting IRQnF.

IRQn
input pin \

IRQNF

Figure 5-3 Timing of Setting IRQnF
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set
input or output. However, when a pin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an I/O pin for another function.

5.3.2 Internal Interrupts
There are 72" sources for internal interrupts from on-chip supporting modules.

» For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If both of these are set to
for a particular interrupt source, an interrupt request is issued to the interrupt controller.

» The interrupt priority level can be set by means of IPR.

+ The DMAC*? and DTC 2 can be activated by a TPU, 8-bit tif@rSClI, or other interrupt
request. When the DMATC and DTC? are activated by an interrupt, the interrupt control
mode and interrupt mask bits are not affected.

Notes: *1 The H8S/2695 has 54 sources for internal interrupts from on-chip supporting modules.
*2 This function is not available in the H8S/2695.

5.3.3 Interrupt Exception Handling Vector Table

Tables 5-4(a) and 5-4(b) show interrupt exception handling sources, vector addresses, and
interrupt priorities. For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the IPR. The situation when two or more
modules are set to the same priority, and priorities within a module, are fixed as shown in
table 5-4.
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Table 5-4(a) Interrupt Sources, Vector Addresses, and Interrupt Priorities
(H8S/2633, H8S/2632, H8S/2631, H8S/2633R)

Vector
Origin of Address *
Interrupt Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRAGt04 A
IRQ1 17 H'0044 IPRA2 to O
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to O
IRQ5 21 H'0054
IRQ6 22 H'0058 IPRC6 to 4
IRQ7 23 H'005C
SWDTEND (software activation DTC 24 H'0060 IPRC2to 0
interrupt end)
WOVIO (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer O
Reserved — 26 H'0068 IPRD2t0 O
PC break PC break 27 H'006C IPRES6 to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2to O
WOVI1 (interval timer) Watchdog 29 H'0074
timer 1
Reserved — 30 H'0078
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to 4
capture/compare match) channel O
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098
39 H'009C Low
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Vector

Origin of Address *
Interrupt Vector Advanced

Interrupt Source Source Number  Mode IPR Priority
TGI1A (TGR1A input TPU 40 H'00A0 IPRF2to 0  High
capture/compare match) channel 1 A
TGI1B (TGR1B input 41 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00BO IPRG6 to 4
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) a7 H'00BC
TGI3A (TGR3A input TPU 48 H'00CO IPRG2to 0
capture/compare match) channel 3
TGI3B (TGR3B input 49 H'00C4
capture/compare match)
TGI3C (TGR3C input 50 H'00C8
capture/compare match)
TGI3D (TGR3D input 51 H'00CC
capture/compare match)
TCI3V (overflow 3) 52 H'00DO
Reserved — 53 H'00D4

54 H'00D8

55 H'00DC
TGI4A (TGR4A input TPU 56 H'00EO IPRH6 to 4
capture/compare match) channel 4
TGI4B (TGR4B input 57 H'00E4
capture/compare match)
TCIl4V (overflow 4) 58 H'O0ES8
TCI4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input TPU 60 H'00FO0 IPRH2 to 0
capture/compare match) channel 5
TGI5B (TGR5B input 61 H'00F4
capture/compare match)
TCI5V (overflow 5) 62 H'00F8 Y
TCI5U (underflow 5) 63 H'00FC Low
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Vector

Origin of Address *
Interrupt Vector Advanced

Interrupt Source Source Number  Mode IPR Priority
CMIAO (compare match AO) 8-bittimer 64 H'0100 IPRI6 to 4 High
CMIBO (compare match BO) channel0 65 H'0104 A
OVIO0 (overflow 0) 66 H'0108
Reserved — 67 H'010C
CMIA1 (compare match Al) 8-bit timer 68 H'0110 IPRI2t0 0
CMIB1 (compare match B1) channell 69 H'0114
OVI1 (overflow 1) 70 H'0118
Reserved — 71 H'011C
DEDOA (channel O/channel 0A DMAC 72 H'0120 IPRJ6 to 4
transfer end)
DENDOB (channel 0B transfer end) 73 H'0124
DEND1A (channel 1/channel 1A 74 H'0128
transfer end)
DEND1B (channel 1B transfer end) 75 H'012C
Reserved — 76 H'0130

77 H'0134

78 H'0138

79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ2t0 0
RXI0 (reception completed 0) channel0 81 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channell 85 H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2to O
RXI2 (reception completed 2) channel2 89 H'0164
TXI2 (transmit data empty 2) 90 H'0168 Yy
TEI2 (transmission end 2) 91 H'016C Low
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Vector

Origin of Address *
Interrupt Vector Advanced

Interrupt Source Source Number  Mode IPR Priority
CMIAOQ (compare match A2) 8 bit timer 92 H'0170 IPRL6t0o 4 High
CMIBO (compare match B2) channel2 93 H'0174 A
OVIO0 (overflow 2) 94 H'0178
Reserved — 95 H'017C
CMIA1 (compare match A3) 8 bit timer 96 H'0180
CMIB1 (compare match B3) channel 3 97 H'0184
OVI1 (overflow 3) 98 H'0188
Reserved — 99 H'018C
IICIO (1 byte transmission/reception 1IC channel 100 H'0190 IPRL2 to O
completed) 0 (optional)
DDCSW1 (format switch) 101 H'0194
IICI1 (1 byte transmission/reception 1IC channel 102 H'0198
completed) 1 (optional)
Reserved 103 H'019C
Reserved — 104 H'01A0 IPRM6 to 4

105 H'01A4

106 H'01A8

107 H'01AC
Reserved — 108 H'01BO IPRM2to O

109 H'01B4

110 H'01B8

111 H'01BC
Reserved — 112 H'01CO IPRNG to 4

113 H'01C4

114 H'01C8

115 H'01CC
Reserved — 116 H'01DO0 IPRN2 to O

117 H'01D4

118 H'01D8

119 H'01DC
ERI3 (reception error 3) SClI 120 H'01EO IPROG to 4
RXI3 (reception completed 3) channel3 121 H'01E4
TXI3 (transmission data empty 3) 122 H'01E8
TEI3 (transmission end 3) 123 H'01EC
ERI4 (reception error 4) SClI 124 H'01FO0 IPRO21t0 0
RXI4 (reception completed 4) channel 4 125 H'01F4
TXI4 (transmission data empty 4) 126 H'01F8
TEI4 (transmission end 4) 127 H'01FC Low

Note: * Lower 16 bits of the start address.
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Table 5-4(b) Interrupt Sources, Vector Addresses, and Interrupt Priorities (H8S/2695)

Vector
Origin of Address *
Interrupt Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRAG6to4 A
IRQ1 17 H'0044 IPRA2t0 0
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2t0 0
IRQ5 21 H'0054
IRQ6 22 H'0058 IPRC6 to 4
IRQ7 23 H'005C
Reserved — 24 H'0060 IPRC2t0 0
WOVIO (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer O
Reserved — 26 H'0068 IPRD2t0 O
27 H'006C IPREG6 to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2to O
Reserved — 29 H'0074
30 H'0078
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to 4
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098 \/
39 H'009C Low
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Vector

Origin of Address *
Interrupt Vector Advanced

Interrupt Source Source Number  Mode IPR Priority
TGI1A (TGR1A input TPU 40 H'00A0 IPRF2to 0  High
capture/compare match) channel 1 A
TGI1B (TGR1B input 41 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00BO IPRG6 to 4
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) a7 H'00BC
TGI3A (TGR3A input TPU 48 H'00CO IPRG2to 0
capture/compare match) channel 3
TGI3B (TGR3B input 49 H'00C4
capture/compare match)
TGI3C (TGR3C input 50 H'00C8
capture/compare match)
TGI3D (TGR3D input 51 H'00CC
capture/compare match)
TCI3V (overflow 3) 52 H'00DO
Reserved — 53 H'00D4

54 H'00D8

55 H'00DC
TGI4A (TGR4A input TPU 56 H'00EO IPRH6 to 4
capture/compare match) channel 4
TGI4B (TGR4B input 57 H'00E4
capture/compare match)
TCIl4V (overflow 4) 58 H'O0ES8
TCI4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input TPU 60 H'00FO0 IPRH2 to 0
capture/compare match) channel 5
TGI5B (TGR5B input 61 H'00F4
capture/compare match)
TCI5V (overflow 5) 62 H'00F8 Y
TCI5U (underflow 5) 63 H'00FC Low
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Vector

Origin of Address *
Interrupt Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
Reserved — 64 H'0100 IPRI6 to 4 High
65 H'0104 A
66 H'0108
67 H'010C
Reserved — 68 H'0110 IPRI2 to O
69 H'0114
70 H'0118
71 H'011C
Reserved — 72 H'0120 IPRJ6 to 4
73 H'0124
74 H'0128
75 H'012C
76 H'0130
77 H'0134
78 H'0138
79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ2t0 0
RXI0 (reception completed 0) channel0 81 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channell 85 H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2t0 O
RXI2 (reception completed 2) channel2 89 H'0164
TXI2 (transmit data empty 2) 90 H'0168
TEI2 (transmission end 2) 91 H'016C
Reserved — 92 H'0170 IPRL6 to 4
93 H'0174
94 H'0178
95 H'017C
96 H'0180
97 H'0184
98 H'0188 \/
99 H'018C Low
137

HITACHI



Vector

Origin of Address *
Interrupt Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
Reserved — 100 H'0190 IPRL2to 0  High
101 H'0194 A
102 H'0198
103 H'019C
Reserved — 104 H'01A0 IPRM6 to 4
105 H'01A4
106 H'01A8
107 H'01AC
Reserved — 108 H'01BO IPRM2 to O
109 H'01B4
110 H'01B8
111 H'01BC
Reserved — 112 H'01CO IPRNG6 to 4
113 H'01C4
114 H'01C8
115 H'01CC
Reserved — 116 H'01DO IPRN2to O
117 H'01D4
118 H'01D8
119 H'01DC
ERI3 (reception error 3) SCI 120 H'01EO IPROG6 to 4
RXI3 (reception completed 3) channel 3 121 H'01E4
TXI3 (transmission data empty 3) 122 H'01E8
TEI3 (transmission end 3) 123 H'01EC
ERI4 (reception error 4) SCI 124 H'01F0 IPRO2to O
RXI4 (reception completed 4) channel 4 125 H'01F4
TXI4 (transmission data empty 4) 126 H'01F8 y
TEI4 (transmission end 4) 127 H'01FC Low

Note: * Lower 16 bits of the start address.
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54 Interrupt Operation

54.1 Interrupt Control Modes and Interrupt Operation
Interrupt operations in the H8S/2633 Series differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby stat
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided fc
each interrupt. Clearing an enable bit to 0 disables the corresponding interrupt request. Interrup
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5-5 shows the interrupt control modes.

The interrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bits in SYSCR, the priorities set in IPR, and the masking state indicated
by the I and Ul bits in the CPU’s CCR, and bits 12 to 10 in EXR.

Table 5-5 Interrupt Control Modes

SYSCR

Interrupt Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits Description

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

— 1 — — Setting prohibited

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

— 1 — — Setting prohibited
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Figure 5-4 shows a block diagram of the priority decision circuit.

Interrupt
control
mode 0 |

L

Interrupt
acceptance
control

Interrupt source —_ — DEfa““.p”O_”ty [ > Vector number
determination

8-level
mask control

t 1

12to 10
IPR

Interrupt control mode 2

Figure 5-4 Block Diagram of Interrupt Control Operation
(1) Interrupt Acceptance Control
In interrupt control mode 0, interrupt acceptance is controlled by the | bit in CCR.
Table 5-6 shows the interrupts selected in each interrupt control mode.
Table 5-6  Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode | Selected Interrupts
0 0 All interrupts

1 NMI interrupts
2 * All interrupts
Legend

* : Don't care
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(2) 8-Level Control

In interrupt control mode 2, 8-level mask level determination is performed for the selected
interrupts in interrupt acceptance control according to the interrupt priority level (IPR).

The interrupt source selected is the interrupt with the highest priority level, and whose priority
level set in IPR is higher than the mask level.

Table 5-7  Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10)

(3) Default Priority Determination

When an interrupt is selected by 8-level control, its priority is determined and a vector number is
generated.

If the same value is set for IPR, acceptance of multiple interrupts is enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with a lower priority than the accepted interrupt source are held pending.
Table 5-8 shows operations and control signal functions in each interrupt control mode.

Table 5-8  Operations and Control Signal Functions in Each Interrupt Control Mode

Interrupt ' Interrupt Acceptance

Control Setting Control 8-Level Control Default Priority T
Mode INTM1 INTMO | 12t0 10 IPR  Determination (Trace)
0 0 0 O IM X — —*2 0O —

2 1 0 X —x*1 O M PR O T
Legend

O : Interrupt operation control performed
X : No operation (All interrupts enabled)
IM : Used as interrupt mask bit
PR : Sets priority
— : Not used
Notes: *1 Setto 1 when interrupt is accepted.
*2 Keep the initial setting.
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5.4.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the | bit in the CPU’s CCR. Interrupts are enabled when the I bit is cleared to 0, and
disabled when set to 1.

Figure 5-5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interru
request is sent to the interrupt controller.

[2] The I bit is then referenced. If the | bit is cleared to 0, the interrupt request is accepted. If the |
bit is set to 1, only an NMI interrupt is accepted, and other interrupt requests are held pending

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of tr
current instruction has been completed.

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

[6] Next, the | bit in CCR is set to 1. This masks all interrupts except NMI.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handlir
routine starts at the address indicated by the contents of that vector address.
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Interrupt generated?
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Hold pending

| Save PC and CCR |
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| |

Y

| Read vector address |
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|Branch to interrupt handling routine|

Figure 5-5 Flowchart of Procedure Up to Interrupt Acceptance in
Interrupt Control Mode 0
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5.4.3 Interrupt Control Mode 2

Eight-level masking is implemented for IRQ interrupts and on-chip supporting module interrupts
by comparing the interrupt mask level set by bits 12 to 10 of EXR in the CPU with IPR.

Figure 5-6 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interru
request is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority ari
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5-4 is selected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level se
in EXR. An interrupt request with a priority no higher than the mask level set at that time is
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of tf
current instruction has been completed.

[5] The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of the first instruction to be executed after returning fro
the interrupt handling routine.

[6] The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handlir
routine starts at the address indicated by the contents of that vector address.
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Figure 5-6 Flowchart of Procedure Up to Interrupt Acceptance in
Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

54.4

Figure 5-7 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode 0 is set in advanced mode, and the program area and stack area ar

in on-chip memory.
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Interrupt Exception Handling

Figure 5-7
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5.4.5 Interrupt Response Times

The H8S/2633 Series is capable of fast word transfer instruction to on-chip memory, and the
program area is provided in on-chip ROM and the stack area in on-chip RAM, enabling high-
speed processing.

Table 5-9 shows interrupt response times - the interval between generation of an interrupt reque
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5-9 are explained in table 5-10.

Table 5-9 Interrupt Response Times

Normal Mode *® Advanced Mode

No. Execution Status INTM1=0 |INTM1=1 INTM1=0 INTM1=1
1 Interrupt priority determination** 3 3 3 3
2 Number of wait states until executing 1 to 1to 1lto 1lto

instruction ends*? (19+2-S)  (19+2:S) (19+2-S)  (19+2-S)
3 PC, CCR, EXR stack save 2-Sy 3-Sy 2-Sy 3-S¢
4 Vector fetch S, S, 2-S, 2-S,
5 Instruction fetch*? 2:S, 2:S, 2-S, 2-S,
6 Internal processing** 2 2 2 2
Total (using on-chip memory) 11to 31 12 to 32 12 to 32 13to0 33

Notes: *1 Two states in case of internal interrupt.
*2 Refers to MULXS and DIVXS instructions.
*3 Prefetch after interrupt acceptance and interrupt handling routine prefetch.
*4 Internal processing after interrupt acceptance and internal processing after vector fetch.
*5 Not available in the H8S/2633 Series.
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Table 5-10 Number of States in Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8 Bit Bus 16 Bit Bus

Internal 2-State 3-State 2-State 3-State
Symbol Memory Access Access Access Access
Instruction fetch S, 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation S«
Legend
m : Number of wait states in an external device access.

5.5 Usage Notes

55.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if an interrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if there is an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to 0.

Figure 5-8 shows an example in which the CMIEA bit in the TMR’s TCR register is cleared to 0.
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interrupt signal

Figure 5-8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.

5.5.2 Instructions that Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the | bit is set by one of these instructions, the new value becomes vali
two states after execution of the instruction ends.

5.5.3 Times when Interrupts are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.
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55.4 Interrupts during Execution of EEPMOV Instruction
Interrupt operation differs between the EEPMOV.B instruction and the EEPMOV.W instruction.

With the EEPMOV.B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV, W R4, R4
BNE L1

5.6 DTC and DMAC Activation by Interrupt
(DMAC and DTC functions are not available in the H8S/2695)
5.6.1 Overview

The DTC and DMAC can be activated by an interrupt. In this case, the following options are
available:

* Interrupt request to CPU

» Activation request to DTC

» Activation request to DMAC

» Selection of a number of the above

For details of interrupt requests that can be used with to activate the DTC and DMAC, see
section 9, Data Transfer Controller (DTC) and section 8, DMA Controller (DMAC).

5.6.2 Block Diagram

Figure 5-9 shows a block diagram of the DTC and DMAC interrupt controller.
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Figure 5-9 Interrupt Control for DTC* and DMAC*

5.6.3 Operation(DMAC and DTC functions are not available in the H8S/2695)
The interrupt controller has three main functions in DTC and DMAC control.

(1) Selection of Interrupt Source:DMAC inputs activation factor directly to each channel. The
activation factors for each channel of DMAC are selected by DTF3 to DTFO bits of DMACR. The
DTA bit of DMABCR can be used to select whether the selected activation factors are managed
by DMAC. By setting the DTA bit to 1, the interrupt factor which were the activation factor for
that DMAC do not act as the DTC activation factor or the CPU interrupt factor.

Interrupt factors other than the interrupts managed by the DMAC are selected as DTC activatior
request or CPU interrupt request by the DTCERA to DTCERF of DTC and the DTCE bit of
DTCERI.

By specifying the DISEL bit of the DTC's MRB, it is possible to clear the DTCE bit to O after
DTC data transfer, and request a CPU interrupt.
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If DTC carries out the designate number of data transfers and the transfer counter reads 0, after
DTC data transfer, the DTCE bit is also cleared to 0, and a CPU interrupt requested.

(2) Determination of Priority: The DTC activation source is selected in accordance with the
default priority order, and is not affected by mask or priority levels. See section 8.6, Interrupts,
and section 9.3.3, DTC Vector Table for the respective priority.

(3) Operation Order: If the same interrupt is selected as a DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

If the same interrupt is selected as the DMAC activation factor and as the DTC activation factor o
CPU interrupt factor, these operate independently. They operate in accordance with the respectiy
operating states and bus priorities.

Table 5-11 shows the interrupt factor clear control and selection of interrupt factors by
specification of the DTA bit of DMAC's DMABCR, DTC's DTCERA to DTCERF, DTCERI's
DTCE bits, and the DISEL bit of DTC's MRB.

Table 5-11 Interrupt Source Selection and Clearing Control

Settings
DMAC** DTC*! Interrupt Source Selection/Clearing Control
DTA*! DTCE*! DISEL** DMAC** DTC*! CPU
0 0 * O X A
1 0 O A X
1 O O A
1 * * A X X

Legend
A : The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)
O : The relevant interrupt is used. The interrupt source is not cleared.
X : The relevant bit cannot be used.
* Don't care
Note: * 1 This function is not available in the H8S/2695.

(4) Notes on UseSCI and A/D converter interrupt sources are cleared when the DMAC
DTC* reads or writes to the prescribed register, and are not dependent upon theDDTE",
and DISEL bits.

Note: * This function is not available in the H8S/2695.
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Section 6 PC Break Controller (PBC)
(This function is not available in the H8S/2695)

6.1 Overview

The PC break controller (PBC) provides functions that simplify program debugging. Using these
functions, it is easy to create a self-monitoring debugger, enabling programs to be debugged wil
the chip alone, without using an in-circuit emulator. Four break conditions can be set in the PBC
instruction fetch, data read, data write, and data read/write.

6.1.1 Features

The PC break controller has the following features:
* Two break channels (A and B)

* The following can be set as break compare conditions:

0 24 address bits

Bit masking possible
0 Bus cycle

Instruction fetch

Data access: data read, data write, data read/write
[0 Bus master

Either CPU or CPU/DTC can be selected

« The timing of PC break exception handling after the occurrence of a break condition is as
follows:

O Immediately before execution of the instruction fetched at the set address (instruction fetc

O Immediately after execution of the instruction that accesses data at the set address (data
access)

¢ Module stop mode can be set

O The initial setting is for PBC operation to be halted. Register access is enabled by clearin
module stop mode.
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the PC break controller.

j: PC break

interrupt

BARA BCRA
°
<
@]
o
5
j=s
Mask control @
Comparator »- ClggtiEOI
Match signal
Internal address
Access
status Comparator - clggti[:m
Match signal S
<
o
o
Mask control ‘gs_
5
@]
BARB BCRB

Figure 6-1 Block Diagram of PC Break Controller
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6.1.3 Register Configuration

Table 6-1 shows the PC break controller registers.

Table 6-1 PC Break Controller Registers

Initial Value
Power-On  Manual
Name Abbreviation  R/W Reset Reset Address **
Break address register A BARA R/W H'XX000000 Retained H'FEOO
Break address register B BARB R/W H'XX000000 Retained H'FEO04
Break control register A BCRA R/(W)** H'00 Retained H'FEO8
Break control register B BCRB R/(W)*? H'00 Retained H'FEQ9
Module stop control register C MSTPCRC R/W H'FF Retained H'FDEA

Notes: *1 Lower 16 bits of the address.
*2 Only 0 can be written, for flag clearing.

6.2 Register Descriptions

6.2.1 Break Address Register A (BARA)

Bit : 3 ... 24 23 22 21 20 19 18 17 16 .- 7 6 5 4 3 2 1 0

_ | BAA|BAA|BAA|BAA|BAA|BAA|BAA [BAA BAA |BAA| BAA|BAA|BAA|BAA| BAA| BAA

23 (22| 21|20]| 19| 18|17 | 16 716 |5|4|3[2]1]|0

Initial value: ynde- ...Unde-0 0 0 O O O O O ... 0 O O O O O 0 O
fined fined

RIW . — . — RIW RMW RW RW RW RWR/MW RW ... RIW RIW RW RW RW RW R/W R/W

BARA is a 32-bit readable/writable register that specifies the channel A break address.
BAA23 to BAAO are initialized to H'000000 by a power-on reset and in hardware standby mode.
Bits 31 to 24—ReservedThese bits return an undefined value if read, and cannot be modified.

Bits 23 to 0—Break Address A23 to A0 (BAA23-BAAO)These bits hold the channel A PC
break address.
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6.2.2 Break Address Register B (BARB)
BARB is the channel B break address register. The bit configuration is the same as for BARA.
6.2.3 Break Control Register A (BCRA)

Bit .7 6 5 4 3 2 1 0
| cMrA | cpa [BamraZ[BAMRALBAMRAG CSELAL|CSELAO| BIEA |

Initial value : 0 0 0 0 0 0 0 0
R/W : RI(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only 0 can be written, for flag clearing.

BCRA is an 8-bit readable/writable register that controls channel A PC breaks. BCRA (1) selects
the break condition bus master, (2) specifies bits subject to address comparison masking, and (3
specifies whether the break condition is applied to an instruction fetch or a data access. It also
contains a condition match flag.

BCRA is initialized to H'00 by a power-on reset and in hardware standby mode.

Bit 7—Condition Match Flag A (CMFA): Set to 1 when a break condition set for channel A is
satisfied. This flag is not cleared to 0.

Bit 7
CMFA Description

0 [Clearing condition]
When 0 is written to CMFA after reading CMFA = 1 (Initial value)
1 [Setting condition]

When a condition set for channel A is satisfied

Bit 6—CPU Cycle/DTC Cycle Select A (CDA)Selects the channel A break condition bus
master.

Bit 6

CDA Description

0 PC break is performed when CPU is bus master (Initial value)
1 PC break is performed when CPU or DTC is bus master
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Bits 5 to 3—Break Address Mask Register A2 to A0 (BAMRA2-BAMRAO):These bits
specify which bits of the break address (BAA23-BAAOQ) set in BARA are to be masked.

Bit 5 Bit 4 Bit 3
BAMRA2 BAMRA1 BAMRAO Description
0 0 0 All BARA bits are unmasked and included in break conditions
(Initial value)
1 BAAO (lowest bit) is masked, and not included in break
conditions
1 0 BAA1-0 (lower 2 bits) are masked, and not included in break
conditions
1 BAA2-0 (lower 3 bits) are masked, and not included in break
conditions
1 0 0 BAA3-0 (lower 4 bits) are masked, and not included in break
conditions
1 BAA7-0 (lower 8 bits) are masked, and not included in break
conditions
1 0 BAA11-0 (lower 12 bits) are masked, and not included in break
conditions
1 BAA15-0 (lower 16 bits) are masked, and not included in break
conditions

Bits 2 and 1—Break Condition Select A (CSELAL, CSELAO)These bits selection an
instruction fetch, data read, data write, or data read/write cycle as the channel A break conditior

Bit 2 Bit 1
CSELA1 CSELAO Description

0 0 Instruction fetch is used as break condition (Initial value)
1 Data read cycle is used as break condition

1 0 Data write cycle is used as break condition
1 Data read/write cycle is used as break condition

Bits 0—Break Interrupt Enable A (BIEA): Enables or disables channel A PC break interrupts.

Bit 0

$Description

0 PC break interrupts are disabled (Initial value)
1 PC break interrupts are enabled
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6.2.4 Break Control Register B (BCRB)

BCRB is the channel B break control register. The bit configuration is the same as for BCRA.

6.2.5 Module Stop Control Register C (MSTPCRC)

Bit L7 6 5 4 3 2 1 0

| MsTPC7 | MSTPCB|MSTPCS5 | MSTPC4 | MSTPC3 | MSTPC2| MSTPC1| MSTPCO|
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW RW

MSTPCRC is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPCA4 bit is set to 1, PC break controller operation is stopped at the end of the bus
cycle, and module stop mode is entered. Register read/write accesses are not possible in module
stop mode. For details, see section 24.5, Module Stop Mode.

MSTPCRC is initialized to H'FF by a power on reset and in hardware standby mode. It is not
initialized by a manual reset and in software standby mode.

Bit 4—Module Stop (MSTPC4): Specifies the PC break controller module stop mode.

Bit 4

MSTPC4 Description

0 PC break controller module stop mode is cleared

1 PC break controller module stop mode is set (Initial value)
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6.3 Operation

The operation flow from break condition setting to PC break interrupt exception handling is shov
in sections 6.3.1, PC Break Interrupt Due to Instruction Fetch, and 6.3.2, PC Break Interrupt Du
to Data Access, taking the example of channel A.

6.3.1 PC Break Interrupt Due to Instruction Fetch

(2) Initial settings
O Setthe break address in BARA. For a PC break caused by an instruction fetch, set the
address of the first instruction byte as the break address.
0 Setthe break conditions in BCRA.

BCRA bit 6 (CDA): With a PC break caused by an instruction fetch, the bus master must
be the CPU. Set 0 to select the CPU.

BCRA bits 5-3 (BAMA2-0): Set the address bits to be masked.
BCRA bits 2-1 (CSELA1-0):Set 00 to specify an instruction fetch as the break condition.
BCRA bit 0 (BIEA): Setto 1 to enable break interrupts.

(2) Satisfaction of break condition

O When the instruction at the set address is fetched, a PC break request is generated
immediately before execution of the fetched instruction, and the condition match flag
(CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC