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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(i) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

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 astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSl is not guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note: When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileit isin this
undefined state. For those products which have areset function, reset the LSl immediately
after the power supply has been turned on.

4, Prohibition of Accessto Undefined or Reserved Addresses

Note: Access to undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:;

General Precautions on Handling of Product

Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules

e On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:
i) Feature

ii) Input/Output Pin

iii) Register Description

iv) Operation

v) Usage Note

o 0k~ wbdPE

When designing an application system that includes this LSl, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, asthe
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix
» Product Codes, Package Dimensions, etc.
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Preface

The H8/38024 Group is asingle-chip microcomputer built around the high-speed H8/300L CPU
and equipped with peripheral system functions on-chip. The H8/38024 Group incorporates
peripheral functions including ROM, RAM, timer, serial communications interface (SCI), 10-bit
PWM, A/D converter, LCD controller/driver, and I/O ports. It is amicrocomputer alowing the
implementation of a sophisticated control system. Versions are available with types of internal
ROM: flash memory (F-ZTAT™*%) and PROM (ZTAT™™*?), This makes it possible to design
application products with a great deal of specification fluidity, and allows for rapid and flexible
response to contingencies arising between the initial stages of production and full-scale
production.

Below isatable listing the product specifications for each group.

Notes: 1. F-ZTAT isatrademark of Renesas Technology Corp.
2. ZTAT isatrademark of Renesas Technology Corp.
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Specifications

o H8/38024 Group Hggi?jzpm Hgg;i?fp‘ls H8/38124 Group
ZTAT Mask Flash Flash Mask Flash Mask
Memory ROM 32 Kbytes | 8 Kbytes 32 Kbytes 32 Kbytes | 8 Kbytes to |16 Kbytes/| 8 Kbytes
to 32 Kbytes | 32 Kbytes to
32 Kbytes 32 Kbytes
RAM 1 Kbyte | 512 bytes 1 Kbyte 1 Kbyte 512 bytes | 1 Kbyte | 512 bytes
or or or
1 Kbyte 1 Kbyte 1 Kbyte
Operating 45t055V 16 MHz 16 MHz — — — 20 MHz 20 MHz
th;?aggnznd 271055V 10MHz | 10 MHz — — — 20 MHz | 20 MHz
frequency 18t055V 4 MHz 4 MHz — — — — —
27t036V — — 10 MHz 10 MHz 10 MHz — —
18t03.6V — — — — 4 MHz — —
1/0 ports Input only 9 9 9 TR 9 9 9 9
Output only 6 6 6 6 6 6 6
110 51 51 51 51 51 50 50
Timers Clock (timer A) 1 1 1 1 1 1 1
Reload (timer C) 1 1 1 1 1 1 1
Compare (timer F) 1 1 1 1 1 1 1
Capture (timer G) 1 1 1 1 1 1 1
AEC 1 1 1 Please 1 1 1 1
WDT 1 1 1 use R 1 1
WODT (discrete) version. 1 1
SCI UART/Synchronous 1 1 1 1 1 1 1
A-D (resolution x input channels) 10x8 10x8 [10x8 10x8 10x8 10x8 10x 8
LCD seg 32 32 32 32 32 32 32
com 4 4 4 4 4 4 4
External interrupt (internal 13(8) 13(8) |13(8) 13(8) 13(8) 13(8) 13(8)
wakeup)
POR (power-on reset) — — — — — 1 1
LVD (low-voltage detection circuit) — — — — — — 1 1
Package FP-80A FP-80A FP-80A FP-80A FP-80A FP-80A FP-80A
FP-80B FP-80B FP-80B FP-80B
TFP-80C | TFP-80C TFP-80C TFP-80C | TFP-80C | TFP-80C | TFP-80C
TLP85V TLP85V TLP85V
Chip Chip Chip Chip
Operating temperature Standard specifications: —20 to 75°C, WTR: —40 to 85°C
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Target Readers: Thismanual is designed for use by people who design application systems using
the H8/38024 Group, H8/38024S Group, H8/38024R Group, and H8/38124 Group.

To use this manual, basic knowledge of electric circuits, logic circuits and microcomputersis
required.

Pur pose: This manua provides the information of the hardware functions and electrical
characteristics of the H8/38024 Group, H8/38024S Group, H8/38024R Group, and H8/38124
Group. The H8/300L Series Programming Manual contains detailed information of executable
instructions. Please read the Programming Manual together with this manual.

How to Use the Book:
* Tounderstand general functions
- Read the manual from the beginning.

The manual explainsthe CPU, system control functions, peripheral functions and electrical
characteristicsin that order.

e Tounderstanding CPU functions
- Refer to the separate H8/300L Series Programming Manual.

Explanatory Note: Bit sequence: upper bit at left, and lower bit at right

List of Related Documents: The latest documents are available on our Web site. Please make
sure that you have the latest version.
(http://www.renesas.com/)

e User manual for H8/38024 Group, H8/38024S Group, H8/38024R Group, and H8/38124
Group

Name of Document Document No.
H8/38024 Group, H8/38024S Group, H8/38024R Group, This manual
H8/38124 Group Hardware Manual

H8/300L Series Programming Manual ADE-602-040

» User manual for development tools
Name of Document Document No.

H8S, H8/300 Series, C/C++ Compiler, Assembler, Optimizing Linkage ADE-702-247
Editor User’'s Manual

High-Performance Debugging Interface User’'s Manual ADE-702-161A
High-Performance Embedded Workshop ADE-702-201A
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* Application note
Name of Document Document No.

HB8/300 Series, H8/300L Series software ADE-502-052

Notes. The following limitations apply to H8/38024, H8/38024R, and H8/38124 programming
and debugging when the on-chip emulator is used.

1
2.

Pin 95 is not available because it is used exclusively by the on-chip emulator.

Pins 33, 34, and 35 are unavailable for use. In order to use these pins additional
hardware must be mounted on the user board.

The address range H'7000 to H'7FFF is used by the on-chip emulator and is unavailable
to the user.

The address range H'F780 to H'FB7F must not be accessed under any circumstances.
When the on-chip emulator is being used, pin 95is1/0, pins 33 and 34 are input, and
pin 35 is outpuit.

When using the on-chip emulator, pins OSC1 and OSC2 should be connected to an
oscillator, or an external clock should be supplied to pin OSC1, even if the on-chip
oscillator of the H8/38124 Group is selected.
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Main Revisionsin This Edition

Item Page Revision (See Manual for Details)

All Product name amended
H8/38024F-ZTAT - H8/38024R Group
Product name added

HD64F38122
Preface vi Table amended
Specifications " H8/38124 Group
Item h

Flash Mask

Memory ROM 116 Kbytes/| 8 Kbytes
' 32 Kbytes to

32 Kbytes

RAM E 1 Kbyte | 512 bytes
! or
' 1 Kbyte
Operating  |4.5t05.5V ! 20 MHz | 20 MHz
voltage and [, 5 5y ! 20MHz | 20 MHz
operating '
frequency !
Vii List of Related Documents:

Description amended
» User manual for H8/38024 Group, H8/38024S Group,
H8/38024R, and H8/38124 Group

viii Note amended

The following limitations apply to H8/38024, H8/38024R, and
H8/38124 programming and debugging when the on-chip
emulator is used.
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Item Page Revision (See Manual for Details)
1.1 Overview 3,6 Table amended
Table 1.1 Features Item Specification
Clock pulse Two on-chip clock pulse generators
generators e System clock pulse generator:
1.0 to 16 MHz: H8/38024 Group
1.0 to 10 MHz: HD64F 38024, HD64F38024R, and H8/38024S Group
2.0 to 20 MHz: H8/38124 Group
e Subclock pulse generator:
32.768 kHz, 38.4 kHz* (* does not apply to H8/38124 Group)
,,,,,,,,,,,,,,,,,,,,,,,, H8/38124 Group equipped with on-chip oscillator
Item Specification
Product lineup Product Code ROMRAM S
Mask ROM Version  ZTAT Version F-ZTAT Version  Package (Byte) e
Foossssizz - T Hboarsstzz | Feeoa T Tk
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, TS ..
1.2 Internal Block 7 Figure amended
Diagram
-—— |[RQAEC
Figure 1.1(1) Block Asynchr?nous <> PA,/COM,
. counter < |<—> PA,/COM,
Diagram (H8/38024 (16 bits) % | ravcom,
Group, H8/38024R <> PA,/COM,
Group, and
H8/38024S Group)
Figure 1.1(2) Block 8 Figure amended
(D;agram (H8/38124 IRQAEC
roup) Asynchronous < ~—>= PAJ/COM,
counter = |<> PAJCOM;
(16 bits) £ |<—>PA,icom,
> PA,/COM;
1.3.1 Pin 9 Description amended
Arrangement The H8/38024 Group, H8/38024R Group, H8/38024S Group,
Figure 1.2(1) Pin and H8/38124 Group pin arrangements are shown in figures
Arrangement 1.2,1.3,and 1.4.

(FP-80A, TFP-80C:
Top View, H8/38024
Group, H8/38024R
Group, H8/38024S
Group)

Figure 1.3 Pin
Arrangement
(FP-80B: Top View,
H8/38024 Group,
H8/38024R Group)

Figure title amended

Title amended
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Item Page

Revision (See Manual for Details)

1.3.1 Pin 12
Arrangement

Figure 1.4 Pin
Arrangement (TLP-
85V, H8/38024R
Group, H8/38024S
Group)

Title amended

1.3.2 Pin Functions

Table 1.5 Pin
Functions

20, 24

Table amended and note 5 added

Pin No.
FP-80A

Type Symbol TFP-80C FP-80B TLP-85V  No.*' No.*? No.** 10

D3 6 7 6 Input

Clock X1 6 8

Pad Pad Pad
Name and Functions

These pins connect to a

pins

32.768-kHz or 38.4-kHZ™®
crystal oscillator.
See section 4, Clock

Output

Pulse Generators, for a
typical connection
diagram.

5. Does not apply to H8/38124 Group.

2.8.1 Memory Map 61

Figure 2.16(1)
H8/38024,
H8/38024S, and
H8/38124 Memory
Map

Figure amended

HD64338024 (mask ROM version)
HD64338024S (mask ROM version)
HD64338124 (mask ROM version)
HD64738024 (PROM version)

Figure 2.16(3) 63
H8/38022,

H8/38022S, and
H8/38122 Memory

Map

Figure replaced

2.9.1 Notes on Data 67
Access

Figure 2.17 Data
Size and Number of
States for Access to
and from On-Chip
Peripheral Modules

Notes amended

3. Only the HD64F38024, HD64F38024R, HD64F38122, and HD64F38124 are equipped with
internal 1/0O registers from H'F020 to H'F02B and on-chip RAM from H'F780 to H'FB7F.
Attempting to access these areas on products other than the HD64F38024, HD64F38024R,
HD64F38122, and HD64F38124 will result in access to an empty area.

3.3.2 Interrupt 85
Control Registers

Interrupt Request
Register 1 (IRR1)

Bit 7

Table amended
Setting conditions:

When the timer A counter value overflows

RENESAS
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Item Page Revision (See Manual for Details)
3.3.2 Interrupt 88 Table amended
Control Registers Setting conditions:
Interrupt Request When the timer C counter value overflows or underflows
Register 2 (IRR2)
Bit 1
4.2 System Clock 108 Table and notes amended
Generator
Connecting a Ceramic ciC
; Ceramic 1 V2
Oscillator Frequency : Products name | Recommendation
) ) oscillator value
E'g”re 4.5(2) Typical 20MHz | Murata | CSTCCZMO0G53-B0| 15 pF £20%
onnection to CSTCC2MO00G56-B0 | 47 pF +20%
Ceramic Oscillator 10.0 MHz CSTLS10MO0G53-B0 | 15 pF +20%
(H8/38024S, CSTLS10MOG56-B0 | 47 pF +20%
H8/38124 Group) 16.0 MHZ™| CSTLS16MOX53-B0 | 15 pF £20%
20.0 MHz*2 CSTLS20M0X53-B0 15 pF +20%
Notes: Circuit constants should be determined in consultation
with the resonator manufacturer.
1. This does not apply to the H8/38024S Group.
2. H8/38124 Group only
Notes on Board 109 Figure amended
Design Signal A Signal B
Figure 4.6 Board P
Design of Oscillator To be avoided X X
Circuit Cq : :
J \ | |
7)7 1T L 0SC4
— b
7)7 [ | 1 _ 0SC
Cz
4.6 Notes on 118 Description amended
H8/38124 Group Consequently, even if the on-chip oscillator is selected when
using the on-chip emulator, pins OSC1 and OSC2 should be
connected to an oscillator, or an external clock should be
supplied.
5.1 Overview 119 Table amended

Table 5.1 Operating
Modes

Operating Mode Description

The CPU and all on-chip peripheral functions are operable on
the subclock in low-speed operation
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Item Page Revision (See Manual for Details)

5.1 Overview 120 Notes amended

Figure 5.1 Mode Notes: 1. A transition between different modes cannot be

Transition Diagram made to occur simply because an interrupt request is
generated. Make sure that interrupts are enabled.

5.1.1 System Control 123 Note amended

Registers Note:

System Control If an external clock is being input, set standby timer select to

Register 1 (SYSCR1) external clock mode before mode transition. Also, do not set

Bits 6 to 4 standby timer select to external clock mode if no external clock
is used. 8,192 states (STS2 = STS1 =STS0=0) is
recommended if the on-chip oscillator is used on the H8/38124
Group.

System Control 125 Description amended

Register 2 (SYSCR2) When gosc = 2 to 20 MHz, clear NESEL to O.

Bit 4

5.3.3 Oscillator 129 Table amended

Stabilization Time o .

after Standby Mode is \Wait Time E

Cleared 12 states 5

Table 5.4(1) Clock E(Use prohibited with other than :

Frequency and externalclock)

Stabilization Time

(H8/38024,

H8/38024S,

H8/38024R Group)

Table 5.4(2) Clock

Frequency and

Stabilization Time

(H8/38124 Group)

6.1 Overview 143 Description amended and note deleted

F-ZTAT™ versions of the H8/38124 and H8/38122 are
available. The former has 32 Kbytes, and the latter 16 Kbytes,
of flash memory.
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Item Page

Revision (See Manual for Details)

6.5.1 Features 154

Description and note amended

The features of the 32-Kbyte or 16-Kbyte flash memory built
into the flash memory versions are summarized below.

* Programming/erase methods

— The flash memory is programmed 128 bytes at a time.
Erase is performed in single-block units. On the HD64F38024,
HD64F38024R, and HD64F38124 the flash memory is
configured as follows: 1 Kbyte x 4 blocks, 28 Kbytes x 1 block.
On the HD64F38122 the flash memory is configured as follows:
1 Kbyte x 4 blocks, 12 Kbytes x 1 block. To erase the entire
flash memory, each block must be erased in turn.

» Reprogramming capability

— The HD64F38024R, HD64F38124, and HD64F38122 can be
reprogrammed up to 1,000 times and the HD64F38024 up to
100 times.

Note: The system clock oscillator must be used when
programming or erasing the flash memory of the HD64F38124
and HD64F38122.

6.5.2 Block Diagram 155

Figure 6.7 Block
Diagram of Flash
Memory

Figure amended

Flash memory

6.5.3 Block 156
Configuration

Description amended

Figure 6.8 shows the block configuration of the flash memory.
The thick lines indicate erasing units, the narrow lines indicate
programming units, and the values are addresses. In versions
with 32 Kbytes of flash memory, the flash memory is divided
into 1 Kbyte x 4 blocks and 28 Kbytes x 1 block. In versions
with 16 Kbytes of flash memory, the flash memory is divided
into 1 Kbyte x 4 blocks and 12 Kbytes x 1 block. Erasing is
performed in these units.

Programming is performed in 128-byte units starting from an
address with lower eight bits H'00 or H'80.
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Item Page Revision (See Manual for Details)

6.5.3 Block 156 Figure title amended
Configuration

Figure 6.8(1) | Block
Configuration of
32-kbyte Flash
Memory

Figure 6.8(2) Block 157 Newly added
Configuration of
16-kbyte Flash

Memory
6.6.3 Erase Block 162 Table amended
Reglster (EBR) EBR Bit Name Block (Size) Address
Table 6.6 Division of 0 EBO EBO (1 Kbyte) H'0000 to H'03FF
B|OC|(S to Be Erased 1 EB1 EB1 (1 Kbyte) H'0400 to H'07FF
2 EB2 EB2 (1 Kbyte) H'0800 to H'OBFF
3 EB3 EB3 (1 Kbyte) H'0CO00 to H'OFFF
4 EB4 EB4 (12 Kbytes) H'1000 to H'3FFF (HD64F38122)
EB4 (28 Kbytes) H'1000 to H'7FFF (HD64F38124,

HD64F38024, HD64F38024R)

6.7 On-Board 164 Description amended

Programming Modes At reset-start in reset mode, the series of HD64F38024,
HD64F38024R, HD64F38124, and HD64F38122 changes to a
mode depending on the TEST pin settings, P95 pin settings,
and input level of each port, as shown in table 6.7.

6.7.1 Boot Mode 166 Table amended

Table 6.9 Oscillating Product Group Host Bit Rate Oscillating Frequencies (fosc) Range of LSI

Frequencies (fosc) for F-ZTAT version of 4,800 bps 810 10 MHz

i - H8/38024 Group and

which Automatic . o 2,400 bps 41010 MHz

Adjustment of LSI Bit H8/38024R Group 1,200 bps 21010 MHz

Rate |S Possible F-ZTAT version of 19,200 bps 16 to 20 MHz

H8/38124 CIOHR 9,600 bps 8 o 20 MHz

4,800 bps 6 to 20 MHz
2,400 bps 2 to 20 MHz
1,200 bps 2t0 20 MHz
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Item Page

Revision (See Manual for Details)

6.8.1 Program/ 169
Program-Verify

Description amended

4. Consecutively transfer 128 bytes of data in byte units from
the reprogramming data area or additional-programming data
area to the flash memory. The program address and 128-byte
data are latched in the flash memory. The lower 8 bits of the
start address in the flash memory destination area must be H'00
or H'80.

Do not use RTS instruction from data transfer to setting P bit to
1. (This does not apply to the HD64F38124 and HD64F38122.)

7. For a dummy write to a verify address, write 1-byte data
H'FF to an address whose lower 1 bit is b'0. Verify data can be
read in word size from the address to which a dummy write was
performed.

Do not use RTS instruction from dummy write to verify data
read. (This does not apply to the HD64F38124 and
HD64F38122.)

6.8.2 Erase/ 172 Description amended

Erase-Verify 5. For a dummy write to a verify address, write 1-byte data
H'FF to an address whose lower 1 bit is b'0. Verify data can be
read in word size from the address to which a dummy write was
performed.
Do not use RTS instruction from dummy write to verify data
read. (This does not apply to the HD64F38124 and
HD64F38122.)

6.10.1 Socket 175 Description amended

Adapter

The socket adapter converts the pin allocation of the
HD64F38024, HD64F38024R, HD64F38124, and HD64F38122
to that of the discrete flash memory HN28F101. The address of
the on-chip flash memory is H'0000 to H'7FFF. Figure 6.12(1)
shows a socket-adapter-pin correspondence diagram of the
HD64F38024 and HD64F38024R. Figure 6.12(2) shows a
socket-adapter-pin correspondence diagram of the
HD64F38124 and HD64F38122.

6.10.2 Programmer 178
Mode Commands

Figure 6.12(2)
Socket Adapter Pin
Correspondence
Diagram
(HD64F38124,
HD64F38122)

Title and figure amended
HD64F38124, HD64F38122
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Item Page Revision (See Manual for Details)

7.1 Overview 191 Note deleted

8.2.2 Register 196 Note amended

Configuration and Note: * Pin 1 and the associated function are not

Description implemented on the H8/38124 Group. The register is both

Port Data Register 1 readable and writeable.

(PDR1)

Port Pull-Up Control 197 Note amended

Register 1 (PUCR1) Note: * Pin 1¢ and the associated function are not
implemented on the H8/38124 Group. The register is both
readable and writeable.

8.9.3 Pin Functions 232 Table amended

Table 8.24 Port 9 Pin Pin Pin Functions and Selection Method

Functions P9V

VREFSEL 0 1
Pin function P93 output pin Vrer input pin

9.2.1 Overview 246 Description amended
Timer A is an 8-bit timer with interval timing and real-time clock
time-base functions. The clock time-base function is available
when a 32.768 kHz crystal oscillator is connected as the
subclock.
 Choice of four overflow periods (1 s, 0.5 s, 0.25 s, 31.25 ms)
when timer A is used as a clock time base (using a 32.768 kHz
crystal oscillator is connected as the subclock).

9.4.3 CPU Interface 271 Description amended
When performing TCF read/write access or OCRF write access
in 16-bit mode, data will not be transferred correctly if only the
upper byte or only the lower byte is accessed. Access must be
performed for all 16 bits (using two consecutive byte-size MOV
instructions), and the upper byte must be accessed before the
lower byte.

9.5.2 Register 285 Table amended

Descriptions

Timer Mode Register
G (TMG)

Bit 7
Bit 6

Setting condition:
Set when input capture input signal is high level and TCG
overflows from H'FF to H'00

Setting condition:
Set when TCG overflows from H'FF to H'00 while input capture
input signal is high level or during interval operation
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Item Page Revision (See Manual for Details)
9.7.5 Application 328 Description amended
Notes 2. Use a clock with a frequency of up to 16 MHz for input to the
AEVH and AEVL pins, and ensure that the high and low widths
of the clock are at least half the OSC clock cycle duration. The
duty cycle is immaterial.
329 Description amended
Maximum AEVH/AEVL Pin Input
Mode Clock Frequency
Watch, subactive, subsleep, standby (@w2)  1000kHz 7
(ow/4) 500 kHz
$w = 32.768 kHz or 38.4 kHz* (¢w/8) 250 kHz
Note: * Does not apply to H8/38124 Group.
10.2.8 Bit Rate 349 Table amended

Register (BRR)

Table 10.3 Examples
of BRR Settings for
Various Bit Rates
(Asynchronous

Mode) (2)

[0

10 MHz
BitRate |  Error
(bit’s) n N (%)
110 3 43 088
150 3 32 -136
200 3 23 173
250 3 19 -234
300 3 15 173
600 3 7 173
1200 3 3 173
2400 3 1 173
4800 3 0 173
9600 2 1 173
19200 2 0 1.73
31250 0 9 O
38400 0 7 173

Notes amended

1. The value set in BRR is given by the following equation:

N= (pz” -1
(382+2*+B)

where B: Bit rate (bit/s)
N: Baud rate generator BRR setting (0 < N < 255)
@ System clock frequency
n: Baud rate generator input clock number (n =0, 2, or 3)
(The relation between n and the clock is shown in table 10.4.)
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10.2.8 Bit Rate 350 Table amended
RegISter (BRR) Maximum Bit Rate Setting
Table 10.5 Maximum OSC (MHz) 9(MHz) (bit/s) n N
Bit Rate for Each 0.0384* 0.0192 600 0 0
Frequency 2 1 31250 0 0
(Asynchronous MOde) 2.4576 1.2288 38400 0 0
4 2 62500 0 0
10 5 156250 0 0
16 8 250000 0 0
20 10 312500 0 0
10.2.8 Bit Rate 352 Table amended
Register (BRR) 0
Table 10.6 Examples BitRate | 10 MHz
of BRR Settings for (bit/s) ‘n N Error
Various Bit Rates 200 0 12499 0
(Synchronous 250 2 624 0
Mode) (2) 300 0 8332 0
500 0 4999 0
1K 0 2499 0
2.5K 0 999 0
5K 0 499 0
10K 0 249 0
25K 10 99 0
50K 0 49 0
100K 0 24 0
250K 0 9 0
500K 0 4 0
1M — = =

Notes amended

Notes: The value set in BRR is given by the following equation:

N= (fn -1
(42" B)

where B: Bit rate (bit/s)

System clock

S|z

Baud rate generator BRR setting (0 < N < 255)

frequency

Baud rate generator input clock number (n =0, 2, or 3)

(The relation between n and the clock is shown in table 10.7.)
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10.3.3 Operationin 374
Synchronous Mode

* Receiving

Figure 10.14
Example of Operation
when Receiving in
Synchronous Mode

Figure amended

Serial
clock
: l &
RO T CI) DD €IV EI S C D
\ | \
i

1 frame 1 frame
RDRF
oer — AN
‘ { { :
LS| RXlrequest  RDRE cleared RXI request ERI request in
operation to0 response to
overrun error
User RDR data read RDR data has Overrun error
processing not been read processing

(RDRF = 1)

11.3.1 Operation 396

Description amended

1. Set PWM1 or PWM2 in PMR9 to 1 for the PWM channel to
be used, so that pin P9o/PWML1 or P9,/PWM2 is designated as
the PWM output pin, or both are designated as PWM output
pins.

12.1.1 Features 399

Description amended

» Conversion time: approx. 12.4 ps per channel (at 5 MHz
operation)/6.2 ps (at 10 MHz operation)*

12.2.2 A/D Mode 403
Register (AMR)

Bit 7—Clock Select
(CKS)

Bit table and notes amended

Bit7 Conversion Time

CKS Conversion Period ¢=1MHz ¢=5MHz ¢=10 MHZz*?
0 62/¢ (initial value) 62 us 12.4 ys 6.2 us
1 31/ 31 ps —B -

Notes: 1. With the H8/38024, H8/38024S, and H8/38024F-ZTAT operation cannot be guaranteed
if the conversion time is less than 12.4 ps. Make sure to select a setting that gives a
conversion time of 12.4 ys or more.

With the H8/38124 Group operation cannot be guaranteed if the conversion time is less
than 6.2 ps. Make sure to select a setting that gives a conversion time of 6.2 ps or
more.

2. H8/38124 Group only.

12.7.1 Permissible 413
Signal Source
Impedance

Title amended

12.7.2 Influenceson 413
Absolute Precision

Title amended

12.7.3 Additional 414
Usage Notes

Title amended
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16.1 H8/38024
Group ZTAT Version
and Mask ROM
Version Absolute
Maximum Ratings

453

Title amended

16.2 H8/38024
Group ZTAT Version
and Mask ROM
Version Electrical
Characteristics

454

Title amended

16.3 H8/38024
Group F-ZTAT
Version and
H8/38024R Group
F-ZTAT Version
Absolute Maximum
Ratings

469

Title amended

16.4 H8/38024
Group F-ZTAT
Version and
H8/38024R Group
F-ZTAT Version
Electrical
Characteristics

470

Title amended

16.7 Absolute
Maximum Ratings of
H8/38124 Group
F-ZTAT Version and
Mask ROM Version

505

Title amended

16.8 Electrical
Characteristics of
H8/38124 Group
F-ZTAT Version and
Mask ROM Version

506

Title amended
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16.8.1 Power Supply 506
Voltage and Operating
Ranges

Power Supply Voltage
and Oscillation
Frequency Range
(System Clock
Oscillator Selected)

Figure amended

20.0

fosc (MHz)

2.0

2.7 5.5
Vee (V)

« Active (high-speed) mode
« Sleep (high-speed) mode

Power Supply Voltage 507
and Operating

Frequency Range

(System Clock

Oscillator Selected)

Figure amended

10.0

¢ (MHz)

1.0

1250

¢ (kHz)

15.625

2.7 55
Vee (V)

« Active (high-speed) mode

« Sleep (high-s

peed) mode (except CPU)

2.7 5.5
Vee (V)

 Active (medium-speed) mode

« Sleep (mediu

m-speed) mode (except A/D converter)
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16.8.1 Power Supply 509
Voltage and Operating
Ranges

Analog Power Supply
Voltage and A/D
Converter Operating
Range (System Clock
Oscillator Selected)

Figure amended

10.0 |—--------e-

¢ (MHz)

I

2.7 55

AVce (V)
« Active (high-speed) mode
* Sleep (high-speed) mode

16.8.2 DC 512, 513

Characteristics

Table 16.21 DC
Characteristics

Table amended

Values
Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Output low VoL P13, P14, P17, — — 0.6 \ Vec=4.0Vto 55V
voltage P4, to P4,, loL = 1.6 mA
P5, to P57,
P6, to P67,
P7,to P77, — — 0.5 loL =0.4 mA
P8, to P8y,
PAo to PA;
Values
Item Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Active loPE1 Vee — 06 — mA  Active (high-speed) *'****
mode mode Approx.
current Vec=27V, max. value
consump- fosc = 2 MHz =11x
tion Typ.
_ 10 — T
Approx.
max. value
=1.1x
Typ.
— 08 — Active (high-speed) *'****
mode Approx.
Vec=5V, max. value
fosc =2 MHz =11x
Typ.
— 15  — EZ T
Approx.
max. value
=1.1x
Typ.
— 16 — Active (high-speed) *'****
mode Approx.
Veec =5V, max. value
fosc =4 MHz =11x
Typ.
— 20 — BT T
— 33 70 Active (high-speed) *'****
I — mode SR
4.0 7.0 Voo =5V,
fosc = 10 MHz
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16.8.2 DC 514 _ Values
Characteristics Item Symbol Applicable Pins Min  Typ Max  Unit TestCondition  Notes
Active lope2 Vce — 02 — mA  Active (medium- R E
Table 1621 DC mode speed) mode Approx.
. s current Vec =27V, max. value
Characteristics consump- fose = 2 MHz, =11
tion doscl128 Typ.
- o5 — i
Approx.
max. value
=1.1x
Typ.
— 04 — Active (medium- HIEIH
speed) mode Approx.
Vec=5V, max. value
fosc =2 MHz, =11x
dosc/128 Typ.
— 0.8 — *2 K34
Approx.
max. value
=1.1x
Typ.
— 06 — Active (medium- RS E
speed) mode Approx.
Vee=5V, max. value
fosc = 4 MHz, =1.1x
dosc/128 Typ.
- 0 — T
— 09 30 Active (medium- 1IR3 *E
— 45 a0 speed) mode Srwawd
1.2 3.0 Voo =5V,
fosc = 10 MHz,
dosc/128
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16.8.2 DC
Characteristics

Table 16.21 DC
Characteristics

515, 516

Values
Item Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Sleep Isteer  Vce — 03 — mA  Vec=27V, *TH3HE
mode fosc =2 MHz Approx.
current max. value
consump- =1.1x
tion Typ.
— 08— o
Approx.
max. value
=1.1x
Typ.
— 05 — Vec=5V, o
fosc = 2 MHz Approx.
max. value
=1.1x
Typ.
— 09 — *2H3 k4
Approx.
max. value
=1.1x
Typ.
— 09 — Vec=5V, e
fosc =4 MHz Approx.
max. value
=1.1x
Typ.
— 13 — *2 %3 k4
— 15 5.0 Vec=5V, e
— 22 50 fosc = 10 MHz o
Subactive Isus Vee — 113 — pA Vec =27V, KR
mode LCD on, Reference
current 32-kHz crystal value
consump- — 127 — resonator used *2%3 %4
tion (¢sus = w/8) Reference
value
— 163 50 Vec =27V, HE
LCD on, *2 %3 %4
- 30 50 32-kHz crystal
resonator used
(¢suB = ¢w/2)
Values
Item Symbol Applicable Pins Typ  Max Unit  Test Condition Notes
Watch lwatch  Vee — 14 — BA  Vec=2T7V, e
mode T.=25°C Reference
current 32-kHz crystal value
consump- _ 18 _ resonator used, *#2 %3 4
tion : LCD not used
Reference
value
— 18 6.0 Vee =27V, o
32-kHz crystal
resonator used,
LCD not used
Standby  Istey Vee — 03 — A Vec=2T7V, e
mode Ta=25°C, Reference
current 32-kHz crystal value
consump- resonator not used
tion

RENESAS
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1682 DC 517 Applicable Values Test
Characteristics e Symbol Pins ... Mn [ Typ | Mex | Unit Condition _.Notes
Allowable output low  loL Port9 — — 15.0 mA Vee=4.0Vto
Tab|e 16.21 DC current (per pin) 55V
ot = = 5.0 Other than
Characteristics e
16.8.3 AC 519, 520 Table and notes amended
Characteristics ) Values
Reference
Table 1622 Control Item Symbol Pins Min  Typ Max  Unit Test Condition Figure
S. | T . System clock fosc 0SC;, 08C, 20 — 200 MHz
Ignal Timing oscilation 07 — 20 On-chip oscillator  **
frequency selected
OSC clock (dosc)  tosc 0SC;, 0SC, 50.0 — 500 ns Figure 16.1
cycle time
500 — 1429 On-chip oscillator
selected
External clock high tcpH 0SCy 20 — . ns Figure 16.1
width
External clock low  tcpL 0sC, 20 — — ns Figure 16.1
width
External clock rise  tcpr 0SCy —_ — 5 ns F igure 16.1
time
External clock fall  tcps 0SCy — — 5 ns F igure 16.1
time
A Values Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Input pin high tin IRQO, IRQ1, 2 — — toye Figure 16.3
width IRQ3, IRQ4, toubeye
IRQAEC,
WKPO to
WKP7, TMIC,
TMIF, TMIG,
ADTRG
AEVL, AEVH 05 — — tosc
Input pin low i IRQO, IRQ1, 2 — — teye Figure 16.3
width IRQ3, IRQ4, teubcye
IRQAEC,
WKPO to
WKP7, TMIC,
TMIF, TMIG,
ADTRG
AEVL,AEVH 05 — - tosc
UD pin minimum tuon ub 4 — — toye Figure 16.6
transition width ™ Tsupeye

2. These characteristics are given as ranges between minimum
and maximum values in order to account for factors such as
temperature, power supply voltage, and variation among
production lots. When designing systems, make sure to give
due consideration to the SPEC range. Please contact a
Renesas sales or support representative for actual performance
data on the product.
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16.8.3 AC 520
Characteristics

Table 16.23 Serial
Interface (SCI3)
Timing

Table amended

Values
Item Symbol Min |
Input clock Asynchronous tscye 4
cycle Clocked synchronous 6
Input clock pulse width tsckw 0.4
Transmit data delay time trxp —
(clocked synchronous)
Receive data setup time trRxs 150.0
(clocked synchronous) '
Receive data hold time tRXH 150.0

(clocked synchronous)

16.8.4 A/D Converter 521
Characteristics

Table 16.24 A/D
Converter
Characteristics

Table amended

Applicable Values ;
Item Symbol Pins Min
Analog power supply AVcc AVcc 2.7
voltage
Analog input voltage AV)y AN, to -03
ANz
Analog power supply Alope AVce —
current AISTOP1 AVCC -
Alstopz AVcc —
Analog input Can AN, to —
capacitance ANz
Conversion time 6.2

16.8.5 LCD 522
Characteristics

Table 16.25 LCD
Characteristics

Table amended

Applicable
Item Symbol Pins
Segment driver Vps SEG; to
step-down voltage SEG3;

16.8.9 Watchdog 529
Timer Characteristics

Table 16.33
Watchdog Timer
Characteristics

Table amended
Test condition: Vec =5V
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B.2 Functions 587 Clock Select and notes amended
AMR—A/D Mode Clock Select
Register Bit 7 Conversion Time
CKS | Conversion Period | ¢ =1 MHz | ¢ =5 MHz | ¢ = 10 MHz*2
0 |62/ 62 us 12.4 ps 6.2 us
1|31/ 31 s — & —*

Notes: 1. Except for the H8/38124 Group, operation cannot be
guaranteed if the conversion time is less than 12.4 ps.

Make sure to select a setting that gives a conversion time of
12.4 ps or more in such cases. For the H8/38124 Group select

a setting that gives a conversion time of 6.2 ys or more.
2. H8/38124 Group only.

C.8 Block Diagrams 633
of Port 9

Figure C.8(c) Port9
Block Diagram (Pin
P93, H8/38124 Group

only)

Newly added

C.10 Block Diagrams 635
of Port B

Figure C.10(a) Port
B Block Diagram

Title amended

Figure C.10(b) Port 636
B Block Diagram (Pin
PB,, H8/38124 Group

only)

Newly added

Figure C.10(c) PortB 637
Block Diagram (Pin

PB,1, H8/38124 Group

only)

Newly added
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Appendix E List of 642 Table amended
Product Codes

Table E.1 H8/38024

Package
Pack

p

HD64338120W 38120(*** )W 80-pin TQFP (TFP-80C)
Wide-range HDB4338120HW  38120(***)H 80-pin QFP (FP-80A)
HD64338120WW  38120(***)W 80-pin TQFP (TFP-80C)

Grou p Product Code versions HD64338124W  38124(***)W 80-pin TQFP (TFP-80C)
. Wide-range  HDG4338124HW  38124(**")H 80-pin QFP (FP-80A)
Lineup ficati HDB4338124WW  38124(*+*)W 80-pin TQFP (TFP-80C)
HB/38123 Mask ROM  Regular HD64338123H  38123(***)H 80-pin QFP (FP-80A)
versions specifications  ine433g123W 38123 W 80-pin TQFP (TFP-80C)
Widerange  HD64338123HW  38123(**)H 80-pin QFP (FP-80A)
ficati HD64338123WW  38123(***)W 80-pin TQFP (TFP-80C)
H8/38122  F-ZTAT Regular HDB4F38122H  F38122H 80-pin QFP (FP-80A)
MARETS itz HDB4F38122W  F38122W 80-pin TQFP (TFP-80C)
Wide-range  HDB4F38122HW  F38122H 80-pin QFP (FP-80A)
ifeat HDB4F38122WW  F38122W 80-pin TQFP (TFP-80C)
Mask ROM  Regular HD64338122H  38122(***)H 80-pin QFP (FP-80A)
versions specifications ' ine433g100W  38122(* W 80-pin TQFP (TFP-80C)
Widerange  HD64338122HW  38122(***)H 80-pin QFP (FP-80A)
ficati HD64338122WW  38122(***)W 80-pin TQFP (TFP-80C)
H8/38121 MaskROM  Regular HDB4338121H  38121(***)H 80-pin QFP (FP-80A)
versions HD64338121W  38121(***)W 80-pin TQFP (TFP-80C)
Wide-range  HD64338121HW  38121(**)H 80-pin QFP (FP-80A)
HDB4338121WW  38121(*+)W 80-pin TQFP (TFP-80C)
H8/38120 Mask ROM  Regular HD64338120H  38120(***)H 80-pin QFP (FP-80A)
versions specifications (v
(*+*)
()
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Section 1 Overview

Section 1l Overview

11 Overview

The H8/300L Seriesis aseries of single-chip microcomputers (MCU: microcomputer unit), built
around the high-speed H8/300L CPU and equipped with peripheral system functions on-chip.

Within the H8/300L Series, the H8/38024 Group, H8/38024S Group, and H8/38124 Group
comprise single-chip microcomputers equipped with aLCD (Liquid Crystal Display)
controller/driver. Other on-chip peripheral functionsinclude six timers, atwo-channel 10-bit
pulse width modulator (PWM), aserial communication interface, and an A/D converter.
Together, these functions make the H8/38024 Group, H8/38024S Group, and H8/38124 Group
ideally suited for embedded applications in systems requiring low power consumption and LCD
display. Modelsin the H8/38024 Group, H8/38024S Group, and H8/38124 Group are the
H8/38024, H8/38024S, and H8/38124 with on-chip 32-Kbyte ROM and 1-Kbyte RAM, the
H8/38023, H8/38023S, and H8/38123 with on-chip 24-Kbyte ROM and 1-Kbyte RAM, the
H8/38022, H8/38022S, and H8/38122 with on-chip 16-Kbyte ROM and 1-Kbyte RAM, the
H8/38021, H8/38021S, and H8/38121 with 12-Kbyte ROM and 512 byte RAM, and the
H8/38020, H8/38020S, and H8/38120 with 8-Kbyte ROM and 512 byte RAM.

The H8/38024 is also availablein aZTAT ™™ version with on-chip PROM which can be
programmed as required by the user. The H8/38024 is also available in F-ZTAT ™*2 versions with
on-chip flash memory which can be reprogrammed on board.

The H8/38124 is dlso available in an F-ZTAT ™ version with on-chip flash memory that can be
programmed on board.

Table 1.1 summarizes the features of the H8/38024 Group, H8/38024S Group, and H8/38124
Group.

Notes: 1. ZTAT (Zero Turn Around Time) is atrademark of Renesas Technology Corp.
2. FZTAT isatrademark of Renesas Technology Corp.
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Section 1 Overview

Table1.1

ltem

Features

Specification

CPU

High-speed H8/300L CPU

e General-register architecture

General registers: Sixteen 8-bit registers (can be used as eight 16-bit
registers)

¢ Operating speed
O Max. operating speed: 8 MHz (5 MHz for HD64F38024 and H8/38024S
Group)

O Add/subtract: 0.25 us (operating at 8 MHz), 0.4 us (operating at @ =
5 MHz)

O Multiply/divide: 1.75 us (operating at 8 MHz), 2.8 s (operating at ¢ =
5 MHz)

O Can run on 32.768 kHz or 38.4 kHz subclock (32.768 kHz only for
H8/38124 Group)

e Instruction set compatible with H8/300 CPU

O Instruction length of 2 bytes or 4 bytes

O Basic arithmetic operations between registers

O MOV instruction for data transfer between memory and registers
¢ Typical instructions

O Multiply (8 bits x 8 bits)

O Divide (16 bits + 8 bits)

O Bit accumulator

O Register-indirect designation of bit position

Interrupts

22 interrupt sources

¢ 13 external interrupt sources (IRQa, IRQ3, IRQ1, IRQo, WKP7 to WKPy,
IRQAEC)

¢ 9internal interrupt sources
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Section 1 Overview

ltem

Specification

Clock pulse
generators

Two on-chip clock pulse generators

System clock pulse generator:

1.0 to 16 MHz: H8/38024 Group

1.0 to 10 MHz: HD64F38024, HD64F38024R, and H8/38024S Group
2.0 to 20 MHz: H8/38124 Group

Subclock pulse generator:
32.768 kHz, 38.4 kHz* (* does not apply to H8/38124 Group)
H8/38124 Group equipped with on-chip oscillator

Power-down
modes

Seven power-down modes

.

.

Sleep (high-speed) mode
Sleep (medium-speed) mode
Standby mode

Watch mode

Subsleep mode

Subactive mode

Active (medium-speed) mode

Memory

I/O ports

Large on-chip memory

.

H8/38024, H8/38024S, and H8/38124: 32-Kbyte ROM, 1-Kbyte RAM
H8/38023, H8/38023S, and H8/38123: 24-Kbyte ROM, 1-Kbyte RAM
H8/38022, H8/38022S, and H8/38122: 16-Kbyte ROM, 1-Kbyte RAM
H8/38021, H8/38021S, and H8/38121: 12-Kbyte ROM, 512 byte RAM
H8/38020, H8/38020S, and H8/38120: 8-Kbyte ROM, 512 byte RAM

66 pins

.

51 1/O pins (50 pins on H8/38124 Group)
9 input pins
6 output pins
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Item Specification

Timers Six on-chip timers

Timer A: 8-bit timer

Count-up timer with selection of eight internal clock signals divided from the
system clock (¢)* and four clock signals divided from the watch clock (qu)*

Asynchronous event counter:; 16-bit timer

O Count-up timer able to count asynchronous external events
independently of the MCU's internal clocks

Asynchronous external events can be counted (both rising and falling edge
detection possible)

Timer C: 8-bit timer

O Count-up/down timer with selection of seven internal clock signals or
event input from external pin

O Auto-reloading

Timer F: 16-bit timer

O Can be used as two independent 8-bit timers

O Count-up timer with selection of four internal clock signals or event input
from external pin

O Provision for toggle output by means of compare-match function
Timer G: 8-bit timer

O Count-up timer with selection of four internal clock signals

O Incorporates input capture function (built-in noise canceler)
Watchdog timer

O Reset signal generated by overflow of 8-bit counter
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Section 1 Overview

Item Specification

Serial * SCI3: 8-bit synchronous/asynchronous serial interface
_Communication Incorporates multiprocessor communication function
interface

10-bit PWM Pulse-division PWM output for reduced ripple

¢ Can be used as a 10-bit D/A converter by connecting to an external low-
pass filter.

A/D converter

Successive approximations using a resistance ladder
¢ 8-channel analog input pins
¢ Conversion time: 31/¢@ or 62/¢ per channel

LCD controller/
driver

LCD controller/driver equipped with a maximum of 32 segment pins and four
common pins

« Choice of four duty cycles (static, 1/2, 1/3, or 1/4)
* Segment pins can be switched to general-purpose port function in 4-bit units

Power-on reset
and low-voltage
detect circuits
(H8/38124 Group

only)

Power-on reset circuit

« Aninternal reset signal can be issued at power-on by connecting an
external capacitor.

Low-voltage detect circuit

« Monitors the power supply voltage and issues an internal reset signal or
interrupt if the voltage goes below or above a specified range.
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Item Specification

Product lineup

Product Code

Mask ROM Version

ZTAT Version F-ZTAT Version

Package

ROM/RAM Size
(Byte)

HD64338024

HD64738024 HDG64F38024R
HD64F38024

FP-80A
FP-80B

TFP-80C

TLP-85V (HD64F38024R only)

Die (mask ROM/F-ZTAT version
only)

32K/1K

HD64338023

FP-80A
FP-80B
TFP-80C
Die

24K/1K

HD64338022

FP-80A
FP-80B
TFP-80C
Die

16K/1K

HD64338021

FP-80A
FP-80B
TFP-80C
Die

12K/512

HD64338020

HD64338024S

FP-80A
FP-80B
TFP-80C
Die
FP-80A
TFP-80C
TLP-85V
Die

8K/512

32K/1K

HD64338023S

FP-80A
TFP-80C
TLP-85V
Die

24K/1K

HD64338022S

FP-80A
TFP-80C
TLP-85V
Die

16K/1K

HD64338021S

FP-80A
TFP-80C
TLP-85V
Die

12K/512

HD64338020S

FP-80A
TFP-80C
TLP-85V
Die

8K/512

HD64338124

— HD64F38124

FP-80A
TFP-80C

32K/1K

HD64338123

FP-80A
TFP-80C

24K/1K

HD64338122

HD64338121

HD64338120

- HD64F38122

FP-80A
TFP-80C
FP-80A
TFP-80C
FP-80A
TFP-80C

16K/1K

12K/512

8K/512

Refer to appendix E for information on product model numbers.

Note: * See section 4, Clock Pulse Generators, for the definition of @ and q.
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Section 1 Overview

12

Internal Block Diagram

Figure 1.1(1) shows a block diagram of the H8/38024 Group and H8/38024S Group.

Figure 1.1(2) shows a block diagram of the H8/38124 Group.

<— VSS AV,
=
X = Sub clock H8/300L < v
Xp <] osc CPU ~<~— RES
~— TEST
-<—— |IRQAEC
0SC; —> System clock Asynchrfnous <> PA,/COM,
] 0osc counter <
0SC, (16 bits) z < PA,/COM;
£ <> PA/COM,
N < PA,/COM;
P13/TMIG —> FT R .
P1,/IRQ/ADTRG <>| & ' 5 :
4/1RQ E ROM | & [ P% |
Pl =7 (8 Kbytes to 32 Kbytes) 10-bit PWM1 12— po '
P1//IRQ3/TMIF —<> - & ..... I '
o 2
P3,/UD <> — P9,/PWM,
P3,/TMOFL > [—> P9,/PWM
P3,/TMOFH ~—> . <> P8,/SEGs,
P35 = Timer A 10-bit PWM2 <> P8¢/SEG3,
P34 & <> P85/SEG3,
P35 <> 2 [« P8y/sEG,,
P3¢/AEVH & |<—> P83/SEGy
P3/AEVL <> <> P8,/SEG,;
P4y/SCK;, > <> P8,/SEGy
P4,/RXD3, <> Timer C Timer F <> P8,/SEGys
o —
P4o/TXDs, <> o <> P7,/SEG,,
P44/1RQy | <> P74/SEG,;
P5o/WKPy/SEG; =~ <> P75/SEG,,
P5,/WKP,/SEG, <> Serial ; <> P7,/SEG,,
P5,/WKP,/SEG; <] communication & | PTo/SECy
P55/ WKP,/SEG, <> £ Timer G interface <> P7,/SEGyg
P5,/WKP,/SEGs <> & (SCI3) <> P7,/SEGyg
P55/ WKP5/SEG; ~—>] <> P7,/SEG,;
P5¢/WKP/SEG, <] =
P5,\WKP;/SEGy ~>] %z <V,
B a Sl V.
P6y/SEGy <> RAM 8 % Vz
P61/SEG, <> (512 bytes to 1 Kbyte) woT 2
PEJSEG; <> — PB,/AN,
P63/SEG, <> PBg/ANg
P6,/SEG;; <> & PB/AN,
P65/SEG,, = g PB,/AN,
P6y/SEG5 <> AD LD & |<— PByANy R TMIC
P67/SEGs (10 bits) controller <— PB,/AN,
AV —> <— PB./AN,
o ~— PBy/AN,

Large-current (25 mA/pin) high-voltage open-drain pin (7 V)
Large-current (10 mA/pin) (H8/38024S Group only)
| + Large-current (10 mA/pin) high-voltage open-drain pin (7 V)
... Large-current (10 mA/pin) (H8/38024S Group only)

High-voltage (7 V) input pin (Except for H8/38024S Group)

Note: If the on-chip emulator is used, pins 95,
33, 34, and 35 are reserved for the
emulator and not available to the user.

Figure 1.1(1) Block Diagram (H8/38024 Group, H8/38024R Group, and H8/38024S Group)
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Section 1 Overview

<«— CVcc
<— Vss
Xy = Sub clock H8/300L <— Vss=AVss
X, < osc CPU <— Vcc
<— RES
<— TEST
<—— IRQAEC
0SC; —> System clock Asynchronous < ~—> PA3/COM,
0sC, ~ oscC counter £ |<> PAJCOM;
(16 bits) £ |~ PA/COM,
<> PA,/COM,
P15/TMIG <] ROM o
P1,IRQ/ADTRG <>| T || (8 Kbytes to 32 Kbytes) 5
S o > P%
- & 10-bit PWM1 2 > pov
P1,/IRQz/TMIF —<> Power-on reset and S ¥ Vref
ircui —- P9
low-voltage detect circuits 2
P3,/UD ~—> —> P9,/PWM,
P34/ TMOFL >~ —> P9,/PWM,
P3,/TMOFH ~—>| P8,ISEG,,
P3; <> O )
3 £ Timer A 10-bit PWM2 <> P8/SEG;;
P3, <> a <> P8,/SEGy,
P35 <= © |<> P8,/SEGy,
P3/AEVH == € <> P8ysEG,s
P3/AEVL ——> <> P8,/SEG,;
P4y/SCK;, <> ~—> P8,/SEGy
P4,/RXD3, <> ; Timer C Timer F <> P8y/SEG,5
(e}
P4,/TXDs, <—>-| o <> P7,/SEG,,
P4,lRQ, —>| > PTYSEGL
P5,/WKP,/SEG, ~—] _ [ ProsEC
P5,/WKP,/SEG, <>~ ) £ ~—> P7,/SEGy,
P5,/WKP,/SEG, <> Serial ’ £ |<> P74/SEGy
P5,/WKP,/SEG, <> ‘2 Timer G o ot <> P7,/SEGyq
P5,/WKP,/SEGs <] & (SCI3) <> P7,/SEGyg
P55/WKP5/SEG, <> <> P7,/SEG,;
P54/ WKP,/SEG, <> =
P5,/WKP,/SEGy <> S f~—wv
88 |<— V,
P6y/SEGy <> RAM 8 32 Vs
P64/SEG1, <> (512 bytes to 1 Kbyte) WDT 2
P6,/SEG;; <> ° PB,/AN,
P63/SEG, <> £ PB4/AN,
P64/SEG; <-—>| o o PB4/ANs
P65/SEG,, <> : PBUAN,
PBs/SEG;5 <> ADD LD & [«— PByANyIRQTMIC
PB7/SEG16 (10 bits) controller ~<— PB,/AN,
<— PB,/AN,/extU
AVce —>
« <— PBy/ANy/extD

Note:

If the on-chip emulator is used, pins 95,

33, 34, and 35 are reserved for the
emulator and not available to the user.

Large-current (15 mA/pin)

Figure 1.1(2) Block Diagram (H8/38124 Group)
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Section 1 Overview

13 Pin Arrangement and Functions

131 Pin Arrangement

The H8/38024 Group, H8/38024R Group, H8/38024S Group, and H8/38124 Group pin
arrangements are shown in figures 1.2, 1.3, and 1.4. The bonding pad location diagram of the
HCD64338024, HCD64338023, HCD64338022, HCD64338021, and HCD64338020 is shown in
figure 1.5. The bonding pad coordinates of the HCD64338024, HCD64338023, HCD64338022,
HCD64338021, and HCD64338020 are given in table 1.2. The bonding pad location diagram of
the HCD64F38024, HCD64F38024R is shown in figure 1.6. The bonding pad coordinates of the
HCD64F38024 are given in table 1.3. The bonding pad location diagram of the HCD64338024S,
HCD64338023S, HCD64338022S, HCD64338021S, and HCD64338020S is shown in figure 1.7.
The bonding pad coordinates of the HCD64338024S, HCD64338023S, HCD64338022S,
HCD64338021S, and HCD64338020S are given in table 1.4.

ss S8 5SS
8] [ONORONO]
i £g SRR Y
go%’o-?o‘{’a?‘o»’o? A28 oIS D
=ao0o0o00o0>>>>>00000000
OOO00000000000000000
OO MNOUTOHONTODNDONOLFTON —

P34/UD [ 61mmmmmmmmmmmvvv<vvvvjo:IP83/SEG28
P3,/TMOFL [] 62 39 [0 P8,/SEG,;
P3,/TMOFH [] 63 38 [1 P8,/SEGy

P3; ] 64 37 [ P8y/SEGys

P3, [] 65 36 |1 P7,/SEGy,

P35 [] 66 35 |1 P75/SEGy;
P34/AEVH [] 67 34 [1 P75/SEG,,
P3,/AEVL [] 68 33 [J P7,/SEG,;
P4y/SCK3, [] 69 32 [ P73/SEGy,
P4,/RXD3, [ 70 FP-80A, TFP-80C 31 [ P7,/SEGyg
P4,/TXD3, [ 71 (Top view) 30 | P74/SEGyg
P4,/IRQ, O 72 29 [J P7,/SEGy;

PBo/ANy [ 73 28 [J P67/SEG¢

PB4/ANy [ 74 27 |2 P6¢/SEGy5

PB,/AN, [] 75 26 | P65/SEG;,

PB3/AN,/IRQ,/TMIC [ 76 25 [ P64/SEG;;3

PB4/AN, [] 77 24 |2 P64/SEG,

PBs/ANs [ 78 23 [ PB.ISEG;,

PB/ANs [ 79 2o 1 P64/SEGy,

PB7/AN; [ g 21 |1 PBy/SEG,

O~ NMITOHONMNDOO
CFTANOFTOVLONOD ™ v~ v~~~ 39
L
QOB ‘PE SN O N T, T, N O % 10O N~ ©
SRS EFGRlodaadadd

Eo §E FOO0F Q00a00ne
=i io ) o) jo e e o e |a
og Iz > X X X | X |
h = SEEEREEER
= o S0 0G0 6 S S
E [ a Ny a W a My a Wy o M a Y0 Y

Note: [f the on-chip emulator is used, pins 95, 33, 34, and 35 are reserved for the emulator and not available to the user.

Figure1.2(1) Pin Arrangement (FP-80A, TFP-80C: Top View,
H8/38024 Group, H8/38024R Group, H8/38024S Group)
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o =S S=S58555S
s 0000

2 EE 88335558

HFF S B8 r oIS S

=0o0oo0o0o00>>>>>00000000

OOO0OO000000000000000

BB BIBREISIRRTELRIQYT
P3,/UD [] 61 NN SN SN Y40 [0 P8ySEG
P3,/TMOFL [] 62 39 [0 P8,/SEG,,
P3,/TMOFH [] 63 38 [ P84/SEGy
P3, [] 64 37 [0 P8y/SEG,5
P3, ] 65 36 [J P7,/SEGy,
P35 [] 66 35 [ P7¢/SEGy3
P34/AEVH [] 67 34 [0 P75/SEG,,
P3,/AEVL ] 68 33 [0 P7,/SEG,,
P4,/SCKa, [] 69 32 [0 P74/SEGy,
P4/RXDs, [] 70 FP-80A, TFP-80C 31 [0 P7,/SEG,q
P4,/TXDs, [] 71 (Top view) 30 [d P74/SEGyg
P44/IRQ, [] 72 29 [0 P7,/SEG,;
PBo/ANy/extD [] 73 28 [1 P6,/SEG.4
PB./AN,/extU [] 74 27 [ P64/SEG5
 PBy/AN, [] 75 26 [1 P64/SEG,
PB4/AN,/IRQ,/TMIC [] 76 25 [1 P6,/SEG1
PB,AN, O] 77 24 [1 P64/SEG;,
PBs/ANs [] 78 23 [ P6,/SEG
PBg/ANg ] 79 22 [0 P6,/SEG1,
PB,/AN; ] 80 21 [J P6,/SEG,

\‘-vamo,\mmgiﬁﬁiﬁi’t§28

NN

QO QL T 2 .Y TH|N T N0 X 1o © N~ ©

B2 B=XXIBOOKHLPODTOT T

SSE>> > ‘

<EFOE  $88EFQ60906000

lPd d” 17} S > A B b O~

= %] oo oo oo oo

oS in_: > ¥4 g vq g ivdivgivdivd

g = SEEEEEEE

<5 a GO 1016516 16 6 6

E [a T a N o W a N n N n N n N 0 Y

Note: If the on-chip emulator is used, pins 95, 33, 34, and 35 are reserved for the emulator and not available to the user.

Figure1.2(2) Pin Arrangement (FP-80A, TFP-80C: Top View, H8/38124 Group)
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-
[ o < TS § 5 828K
O &) == §§§§oo@o@o
[a) O00O0
ES% E& CC0CHLRBNH &
va?go%"o?o%’o‘;‘o?o? 28 caonlILLbS B DS S
ono=000000>>>>>0000000000
OO0O0000000000000000000000
TONTODNDOMNOULTONTONDOMNOL TN «—
QO OOV OULLLLOLLOLOLLOSITITTTT T
P3,/TMOFH [] 65 407 P84/SEGys
P3, [] 66 39 [ P8(/SEGys
P3, ] 67 38[1 P77/SEGy
P35 [] 68 371 P7¢/SEGg3
P3¢/AEVH [] 69 36[7 P75/SEG,,
P3,/AEVL ] 70 357 P74/SEGy;
P40/SCKs, [ 71 FP-80B 347 P75/SEGy
P4,/RXDs, [] 72 (Top view) 33| P7,/SEGyq
P4,/TXDy, [] 73 P 32[7 P74/SEGys
P4,RQ, [] 74 31[0 P7,/SEG;;
PBy/AN, O] 75 30[1 P67/SEG;6
PB.4/AN, [] 76 29[ P6¢/SEG5
_ PBy/AN, [ 77 281 P65/SEGy,
PB4/AN,/IRQ,/TMIC [] 78 270 P64/SEG.3
PB4/AN, [] 79 26 [0 P65/SEG;,
PB5/AN5 [] 80 251 P6,/SEGy
\FNmvm@.\w@?—’:iﬂﬁii’ftﬁeﬁﬁﬁﬁﬁ
o000 0000000000 ™
ZZ = - =X X O O
Z28gRaEXN IRl sagaddeFSs
o ~<Efy & TOOF " QOQOLNDDDD [
o m &g © » ST N H ¥ b o R O
oo < O 2] Lo Raly © &
D_dr ’ﬂ_: > xxxzxzxxn.n_
g = =zzEzkEEE
S o S0 8'S 5SS B
E [a o N o W a N a W n M MY 0 Y

Note: If the on-chip emulator is used, pins 95, 33, 34, and 35 are reserved for the emulator and not available to the user.

Figure 1.3 Pin Arrangement (FP-80B: Top View, H8/38024 Group, H8/38024R Group)
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Note: Pins are shown in transparent view.
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Figure 1.4 Pin Arrangement (TLP-85V, H8/38024R Group, H8/38024S Group)
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81 79 77 75 73 71 69 67 65 63
80 78|76 |74 |72 |70| 68|66 |64 62
N
0o OOoooon M‘ﬁﬁu_mﬁﬁﬁ 0o
Type code
= ‘ 0 61
2—m8 | G+—— 60
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Chip size: 3.99 mm x 3.99 mm
Voltage level on the back of the chip: GND

Figure1.5 Bonding Pad Location Diagram of HCD64338024, HCD64338023,
HCD64338022, HCD64338021, and HCD64338020 (Top View)
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Table1l.2 Bonding Pad Coordinates of HCD64338024, HCD64338023, HCD64338022,
HCD64338021, and HCD64338020

Coordinates Coordinates
Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (um)
1 AVcc -1870 1546 42 P84/SEG29 1870 -1571
2 P13/TMIG -1870 1274 43 P85/SEG30 1870 -1395
3 P14/IRQ4/ADTRG -1870 1058 44 P86/SEG31 1870 —-1251
4 P16 -1870 909 45 P87/SEG32 1870 —-1111
5 P17/IRQ3/TMIF -1870 759 46 PA3/COM4 1870 —970
6 X1 -1870 608 47 PA2/COM3 1870 -831
7 X2 -1870 475 48 PA1/COM2 1870 —-691
8 AVss -1870 304 49 PAO/COM1 1870 —550
9 Vss -1870 173 50 V3 1870 —-410
10 0sc2 -1870 -10 51 V2 1870 —270
11 osc1 -1870 -150 52 Vi 1870 -131
12 TEST -1870 —290 53 Vee 1870 10
13 RES -1870 -425 54 Vss 1870 150
14 P50/WKPO/SEG1 -1870 -560 55 P90/PWM1 1870 293
15 P51/WKP1/SEG2 -1870 —-695 56 P91/PWM2 1870 489
16 P52/WKP2/SEG3 -1870 -831 57 P92 1870 685
17 P53/WKP3/SEG4 -1870 -966 58 P93 1870 880
18 P54/WKP4/SEG5 -1870 -1101 59 P94 1870 1076
19 P55/WKP5/SEG6 -1870 -1236 60 P95 1870 1274
20 P56/ \WKP6/SEG7 -1870 -1379 61 IRQAEC 1870 1546
21 P57/WKP7/SEG8 -1870 -1561 62 P30/UD 1782 1872
22 P60/SEG9 -1780 -1872 63 P31/TMOFL 1621 1872
23 P61/SEG10 -1621 -1872 64 P32/TMOFH 1084 1872
24 P62/SEG11 -1037 -1872 65 P33 948 1872
25 P63/SEG12 -896 -1872 66 P34 810 1872
26 P64/SEG13 -765 -1872 67 P35 673 1872
27 P65/SEG14 -635 -1872 68 P36/AEVH 536 1872
28 P66/SEG15 -502 -1872 69 P37/AEVL 311 1872
29 P67/SEG16 -371 -1872 70 P40/SCK32 176 1872
30 P70/SEG17 —-239 -1872 71 P41/RXD32 38 1872
31 P71/SEG18 -108 -1872 72 P42/TXD32 -99 1872
32 P72/SEG19 23 -1872 73 P43/IRQ0 —234 1872
33 P73/SEG20 156 -1872 74 PBO/ANO -482 1872
34 P74/SEG21 287 -1872 75 PB1/AN1 -614 1872
35 P75/SEG22 419 -1872 76 PB2/AN2 —745 1872
36 P76/SEG23 550 -1872 77 PB3/AN3/IRQT/TMIC 878 1872
37 P77/SEG24 682 -1872 78 PB4/AN4 —-1008 1872
38 P80/SEG25 833 -1872 79 PB5/AN5 -1148 1872
39 P81/SEG26 1040 -1872 80 PB6/ANG -1621 1872
40 P82/SEG27 1621 -1872 81 PB7/AN7 -1782 1872
41 P83/SEG28 1782 -1872

Note: Vss Pads (No. 8 and 9) should be connected to power supply lines.
TEST Pad (No. 12) should be connected to Vss.
If the pad of these aren’t connected to the power supply line, the LSI will not operate correctly. These values show the
coordinates of the centers of pads. The accuracy is +5 um. The home-point position is the chip’s center and the center
is located at half the distance between the upper and lower pads and left and right pads.
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Chip size: 3.84 mm x 4.24 mm
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age level on the back of the chip: GND
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Figure 1.6 Bonding Pad L ocation Diagram of HCD64F38024, HCD64F38024R (Top View)
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Table 1.3 Bonding Pad Coordinates of HCD64F38024, HCD64F38024R

Coordinates Coordinates
Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (um)
1 PB7/AN7 -1802 1904 42 P83/SEG28 1802 —1898
2 AVcc -1802 1717 43 P84/SEG29 1802 —1750
3 P13/TMIG -1802 1443 44 P85/SEG30 1802 -1594
4 P14/IRQ4/ADTRG -1802 1292 45 P86/SEG31 1802 —1454
5 P16 -1802 1157 46 P87/SEG32 1802 —1296
6 P17/IRQ3/TMIF -1802 1022 47 PA3/COM4 1802 -1182
7 X1 -1802 887 48 PA2/COM3 1802 —1068
8 X2 -1802 753 49 PA1/COM2 1802 —-954
9 AVss -1802 638 50 PAO/COM1 1802 -840
10 Vss -1802 473 51 V3 1802 726
11 0sc2 -1802 318 52 V2 1802 —534
12 osc1 -1802 202 53 Vi 1802 —-402
13 TEST -1802 69 54 Vee 1802 —267
14 RES -1802 -63 55 Vss 1802 -126
15 P50/WKPO/SEG1 -1802 -195 56 P90/PWM1 1802 206
16 P51/WKP1/SEG2 -1802 -355 57 P91/PWM2 1802 457
17 P52/WKP2/SEG3 -1802 -514 58 P92 1802 707
18 P53/WKP3/SEG4 -1802 -674 59 P93 1802 958
19 P54/ WKP4/SEG5 -1802 —-844 60 P94 1802 1209
20 P55/ WKP5/SEG6 -1802 -1008 61 P95 1802 1460
21 P56/WKP6/SEG7 -1802 -1348 62 IRQAEC 1802 1710
22 P57/WKP7/SEG8 -1802 -1709 63 P30/UD 1802 1904
23 P60/SEG9 -1802 -1904 64 P31/TMOFL 1686 1999
24 P61/SEG10 -1686 —-1999 65 P32/TMOFH 1222 1999
25 P62/SEG11 -1198 -1999 66 P33 1077 1999
26 P63/SEG12 -1057 -1999 67 P34 932 1999
27 P64/SEG13 -916 -1999 68 P35 788 1999
28 P65/SEG14 -755 -1999 69 P36/AEVH 643 1999
29 P66/SEG15 -625 -1999 70 P37/AEVL 498 1999
30 P67/SEG16 -493 -1999 71 P40/SCK32 353 1999
31 P70/SEG17 -352 -1999 72 P41/RXD32 226 1999
32 P71/SEG18 —-202 -1999 73 P42/TXD32 63 1999
33 P72/SEG19 -69 —-1999 74 P43/IRQ0 -82 1999
34 P73/SEG20 72 -1999 75 PBO/ANO -229 1999
35 P74/SEG21 213 -1999 76 PB1/AN1 -404 1999
36 P75/SEG22 330 -1999 77 PB2/AN2 -577 1999
37 P76/SEG23 459 —-1999 78 PB3/AN3/IRQT/TMIC ~ —751 1999
38 P77/SEG24 583 -1999 79 PB4/AN4 -925 1999
39 P80/SEG25 730 -1999 80 PB5/AN5 -1099 1999
40 P81/SEG26 937 -1999 81 PB6/ANG -1686 1999
41 P82/SEG27 1686 -1999

Note: Vss Pads (No. 9 and 10) should be connected to power supply lines.
TEST Pad (No. 13) should be connected to Vss.
If the pad of these aren’t connected to the power supply line, the LSI will not operate correctly. These values show the
coordinates of the centers of pads. The accuracy is +5 um. The home-point position is the chip’s center and the center
is located at half the distance between the upper and lower pads and left and right pads.

Rev. 7.00 Mar 10, 2005 page 16 of 652
REJ09B0042-0700
RENESAS



Section 1 Overview

1 Ia ! H 60

2 s ‘ H 59
3 s ‘ & 58

4 ] H 57
5 - ‘ H 56

6 1| ! 7 55
7 e [ 54

8§ — £ Y & 53
9 HEl O+ 52

10 E,i,i,i,i,i, 77777777& 51
1 = o | x = %
13 s E ‘ th 48

‘ - 47

14 ]
15 & ‘ g Y

16 HE ‘ i
17 HE ! Ey

18 HE | g P
19 1 ‘

20 HE ‘ By 41

L e e

Chip size: 2.91 mm x 2.91 mm

Voltage level on the back of the chip: GND

Figure 1.7 Bonding Pad L ocation Diagram of HCD64338024S, HCD64338023S,

HCD64338022S, HCD64338021S, and HCD64338020S (T op View)
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Table1l.4 Bonding Pad Coordinates of HCD64338024S, HCD64338023S, HCD64338022S,
HCD64338021S, and HCD64338020S

Coordinates Coordinates
Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (um)
1 AVcc -1338 1053 41 P84/SEG29 1338 —1121
2 P13/TMIG -1338 823 42 P85/SEG30 1338 —929
3 P14/IRQ4/ADTRG -1338 737 43 P86/SEG31 1338 —-820
4 P16 -1338 649 44 P87/SEG32 1338 —721
5 P17/IRQ3/TMIF -1338 556 45 PA3/COM4 1338 —610
6 X1 -1338 460 46 PA2/COM3 1338 —499
7 X2 -1338 363 47 PA1/COM2 1338 —388
8 Vss = AVgs -1338 229 48 PAO/COM1 1338 —277
9 0osc2 -1338 100 49 V3 1338 —-189
10 0osc1 -1338 13 50 V2 1338 —91
11 TEST -1338 74 51 Vi 1338 6
12 RES -1338 -168 52 Vee 1338 156
13 P50/WKPO/SEG1 -1338 -265 53 Vss 1338 362
14 P51/WKP1/SEG2 -1338 -373 54 P90/PWM1 1338 528
15 P52/WKP2/SEG3 -1338 -481 55 P91/PWM2 1338 614
16 P53/WKP3/SEG4 -1338 -590 56 P92 1338 699
17 P54/WKP4/SEG5 -1338 -698 57 P93 1338 785
18 P55/WKP5/SEG6 -1338 -806 58 P94 1338 871
19 P56/WKP6/SEG7 -1338 -892 59 P95 1338 957
20 P57/ WKP7/SEG8 -1338 -1091 60 IRQAEC 1338 1147
21 P60/SEG9 -1121 -1338 61 P30/UD 1131 1338
22 P61/SEG10 -927 -1338 62 P31/TMOFL 936 1338
23 P62/SEG11 -805 -1338 63 P32/TMOFH 831 1338
24 P63/SEG12 —-703 -1338 64 P33 735 1338
25 P64/SEG13 -593 -1338 65 P34 631 1338
26 P65/SEG14 -483 -1338 66 P35 526 1338
27 P66/SEG15 -372 -1338 67 P36/AEVH 421 1338
28 P67/SEG16 -263 -1338 68 P37/AEVL 317 1338
29 P70/SEG17 -166 -1338 69 P40/SCK32 212 1338
30 P71/SEG18 -47 -1338 70 P41/RXD32 108 1338
31 P72/SEG19 55 -1338 71 P42/TXD32 3 1338
32 P73/SEG20 166 -1338 72 P43/IRQ0 —-101 1338
33 P74/SEG21 277 -1338 73 PBO/ANO —249 1338
34 P75/SEG22 388 -1338 74 PB1/AN1 -362 1338
35 P76/SEG23 499 -1338 75 PB2/AN2 -476 1338
36 P77/SEG24 610 -1338 76 PB3/AN3/IRQT/TMIC 589 1338
37 P80/SEG25 701 -1338 77 PB4/AN4 -702 1338
38 P81/SEG26 790 -1338 78 PB5/AN5 -791 1338
39 P82/SEG27 885 -1338 79 PB6/ANG -880 1338
40 P83/SEG28 1076 -1338 80 PB7/AN7 -1081 1338

Note: Pad No. 11 (TEST) should be connected to Vss.
If it is not connected, the LSI will not operate correctly.
These values show the coordinates of the centers of pads. The accuracy is #5 um.
The home-point position is the chip’s center and the center is located at halfway between the upper and lower pads and
the left and right pads.
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132

Pin Functions

Table 1.5 outlines the pin functions of the H8/38024 Group.

Tablel5 PinFunctions
Pin No.
FP-80A Pad Pad Pad
Type Symbol TFP-80C FP-80B TLP-85V  No.*' No.*? No.”® 1/0 Name and Functions
Power Ve 52 54 E8 53 54 52 Input  Power supply: All Vcc
source pins should be connected
pins to the system power
supply.
Vss 8 10 D8 9 10 8 Input  Ground: All Vss pins
(=AVss) (=AVss) E1 54 55 53 should be connected to
53 55 (= AVss) the system power supply
V).
AVcc 1 3 B1 1 2 1 Input  Analog power supply:
This is the power supply
pin for the A/D converter.
When the A/D converter
is not used, connect this
pin to the system power
supply.
AVss 8(=Vss) 10 El 8 9 8 Input  Analog ground: This is
(=Vss) (= Vss) the A/D converter ground
pin. It should be
connected to the system
power supply (0V).
Vi 51 53 F9 52 53 51 Input  LCD power supply:
V, 50 52 E9 51 52 50 These are the power
V3 49 51 F8 50 51 49 supply pins for the LCD
controller/driver.
CVe™ 4 — — — — — Input  Power supply: This is

the internal step-down
power supply pin. To
ensure stability, a
capacitor with a rating of
about 0.1 pF should be
connected between this
pin and the Vsg pin.
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Pin No.

FP-80A
TFP-80C FP-80B TLP-85V

Type Symbol

Pad
No.

Pad
No.*?

Pad

No.*® 1/0

Name and Functions

Clock 0SC, 10

12

F2

11

12

10

Input

pins 0sC, 9

11

E3

10

11

Output

These pins connect to a
crystal or ceramic
oscillator, or can be used
to input an external clock.
See section 4, Clock
Pulse Generators, for a
typical connection
diagram.

D3

Input

D2

Output

These pins connect to a
32.768-kHz or 38.4-kHz*®
crystal oscillator.

See section 4, Clock
Pulse Generators, for a
typical connection
diagram.

ny)
m
(]

System 12

control

14

F3

13

14

12

Input

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

TEST 11

13

E2

12

13

11

Input

Test pin: This pin is
reserved and cannot be
used. It should be
connected to Vss.

Interrupt  IRQo 72
pins IRQ, 76
IRQs 5

By,
o
w

74
78

C5
B3
D1
B2

73
7

74
78

72
76

Input

IRQ interrupt request 0,
1, 3, and 4: These are
input pins for edge-
sensitive external
interrupts, with a selection
of rising or falling edge

IRQAEC 60

62

C10

61

62

60

Input

Asynchronous event
counter event signal:
This is an interrupt input
pin for enabling
asynchronous event
input.

On the H8/38124 Group,
this must be fixed at Vcc
or GND because the
oscillator is selected by
the input level during
resets. Refer to section 4,
Clock Pulse Generators,
for information on the
selection method.
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Type

Symbol

Pin No.

FP-80A

TFP-80C FP-80B TLP-85V

Pad
No.

Pad Pad

No.*?

No.*® 1/0

Name and Functions

Interrupt
pins

WKP; to
WKP,

20t0 13

221015

H1,J1,
H3, G1,
H2, G2,
F2, G3

21 to
14

22to 20to

15

13

Input

Wakeup interrupt
request 7 to 0: These are
input pins for rising or
falling-edge-sensitive
external interrupts.

Timer
pins

AEVL
AEVH

68
67

70
69

A6
B7

69
68

70
69

68
67

Input

Asynchronous event
counter event input:
This is an event input pin
for input to the
asynchronous event
counter.

T™IC

76

78

B3

77

78

76

Input

Timer C event input:
This is an event input pin
for input to the timer C
counter.

ub

61

63

A9

62

63

61

Input

Timer C up/down select:
This pin selects up- or
down-counting for the
timer C counter. The
counter operates as a
down-counter when this
pin is high, and as an up-
counter when low.

TMIF

D1

Input

Timer F event input:
This is an event input pin
for input to the timer F
counter.

TMOFL

62

64

A8

63

64

62

Output

Timer FL output: This is
an output pin for
waveforms generated by
the timer FL output
compare function.

TMOFH

63

65

B9

64

65

63

Output

Timer FH output: This is
an output pin for
waveforms generated by
the timer FH output
compare function.

T™MIG

C1

Input

Timer G capture input:
This is an input pin for
timer G input capture.
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Pin No.
FP-80A Pad Pad Pad

Type Symbol TFP-80C FP-80B TLP-85V  No."* No.*? No.** 110 Name and Functions

10-bit PWM1 54 56 E10 55 56 54 Output 10-bit PWM output:

PWM pin PWM2 55 57 D9 56 57 55 These are output pins for

waveforms generated by
the channel 1 and 2 10-bit
PWMs.

/0 ports  P1, 5 7 D1 5 6 5 1/10 Port 1: This is a 4-bit I/O
Pl 4 6 Cc2 4 5 4 port. Input or output can
P1, 3 5 B2 3 4 3 be designated for each bit
P1; 2 4 C1 2 3 2 by means of port control

register 1 (PCR1).
Note that the H8/38124
Group is not equipped
with a pin 16.
P3;to 68to 61 70to 63 A6, B7 69to 70to 68to /O Port 3: This is an 8-bit I/O
P3 C7, A7 62 63 61 port. Input or output can
B8, B9 be designated for each bit
A8, A9 by means of port control
register 3 (PCR3).
If the on-chip emulator is
used, pins 33, 34, and 35
are reserved for the
emulator and not
available to the user.
P4, 72 74 C5 73 74 72 Input  Port 4 (bit 3): This is a 1-
bit input port.
P4, to 71to69 73to71 B6 72to 73to 71to /O Port 4 (bits 2 to 0): This
P4, B5 70 71 69 is a 3-bit I/O port. Input or
C6 output can be designated
for each bit by means of
port control register 4
(PCR4).
P5; to 20t0 13 22to 15 H1,J1 21to 22to 20to /O Port 5: This is an 8-bit I/0
P5¢ H3, G1 14 15 13 port. Input or output can
H2, G2 be designated for each bit
F1, G3 by means of port control
register 5 (PCR5).
P6; to 28t021 30to 23 K5,J4 29to 30to 28to /O Port 6: This is an 8-bit I/0
P6, H4, K4 22 23 21 port. Input or output can
J3, 32 be designated for each bit
K3, K2 by means of port control

register 6 (PCR6).
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Pin No.
FP-80A Pad Pad Pad
Type Symbol TFP-80C FP-80B TLP-85V  No.** No.*? No.*®* 1/0 Name and Functions
I/0 ports  P7;to 36t029 38to41l J8,J7 37to 38to 36to I/O Port 7: This is an 8-bit I/O
P7, K6, H7 30 31 29 port. Input or output can
H6, J7 be designated for each bit
H6, J5 by means of port control
J6, H5 register 7 (PCR7).
P8; to 44t0 37 46to39 H9, J9 45t0 46to 44to 1/O Port 8: This is an 8-bit I/O
P8 H10,J10 38 39 37 port. Input or output can
K8, K9 be designated for each bit
H8, K7 by means of port control
register 8 (PCRS).
P9s to 59to 54 61to56 B10, C8 60to 61lto 59to Output Port 9: Thisis a 6-bit
P9y D10, C9 55 56 54 output port. If the on-chip
D9, E10 emulator is used, pin 95 is
reserved for the emulator
and not available to the
user. In the case of the
F-ZTAT version, pin 95
should not be left open in
the user mode, and
should instead be pulled
up to high level.
PA; to 45t048 47t050 G10 46to 47to 45to /O Port A: This is a 4-bit 1/0
PAq G8 49 50 48 port. Input or output can
G9 be designated for each bit
F10 by means of port control
register A (PCRA).
PB- to 80to73 2,1, A3, A2 8lto 1, 80to Input Port B: This is an 8-bit
PBo 80to 75 C3, Ad 74 8lto 73 input port.
B3, B4 75
A5, C4

Serial RXD3, 70 72 B5 71 72 70 Input  SCI3receive data input:

communi- This is the SCI3 data

cation input pin.

(SCh TXDs3, 71 73 B6 72 73 71 Output SCI3 transmit data
output: This is the SCI3
data output pin.

SCK3, 69 71 Cc6 70 71 69 110 SCI3 clock I/O: This is
the SCI3 clock I/0O pin.

A/D AN to 80to73 2,1, A3, A2 8lto 1, 80to Input Analog input channels 7

converter ANg 80to 75 C3, A4 74 8lto 73 to 0: These are analog

B3, B4 75 data input channels to the
A5, C4 A/D converte.
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Pin No.
FP-80A Pad Pad Pad
Type Symbol TFP-80C FP-80B TLP-85V  No."* No.*? No.** 110 Name and Functions
A/ID ADTRG 3 5 B2 3 4 3 Input  A/D converter trigger
converter input: This is the external
trigger input pin to the A/D
converter.
LCD COMsto 45t048 47to50 G10, G8 46t0 47to 45to Output LCD common output:
controller/ COM; G9, F10 49 50 48 These are the LCD
driver common output pins.
SEG3to 44t013 46to 15 H9, J9, 45t0 46to 44to Output LCD segment output:
SEG; H10,J10, 14 15 13 These are the LCD
K8, K9, H8, segment output pins.
K7,38, J7,
K6, H7, H6,
J5, J6, H5,
K5, J4, H4,
K4, J3, J2,
K3, K2, H1,
J1, H3, G1,
H2, G2, F1,
G3
NC NC — — Al, Al0, — — — — NC pin
D4, K2,
K10
Low- Vet 57 — — — — — Input  LVD reference voltage
voltage input: This is the LVD
detect reference voltage input
circuit*4 pin.
(LVD) extD 73 — — — — — Input  LVD power supply drop
detect voltage input:
This is the LVD power
supply drop detect
voltage input pin.
extD 74 — — — — — Input  LVD power supply rise

detect voltage input:
This is the LVD power
supply rise detect voltage
input pin.

Notes: 1. Pad number for HCD64338024, HCD64338023, HCD64338022, HCD64338021, and
HCD64338020.

2. Pad number for HCD64F38024 and HCD64F38024R.

3. Pad number for HCD64338024S, HCD64338023S, HCD64338022S, HCD64338021S,
and HCD64338020S.

4. H8/38124 Group only
5. Does not apply to H8/38124 Group.
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Section 2 CPU

Section2 CPU

21 Overview

The H8/300L CPU has sixteen 8-bit general registers, which can also be paired as eight 16-bit
registers. Its concise instruction set is designed for high-speed operation.

211 Features
Features of the H8/300L CPU are listed below.

» Genera-register architecture
Sixteen 8-bit general registers, also usable as eight 16-bit general registers
» Ingtruction set with 55 basic ingtructions, including:
O Multiply and divide instructions
O Powerful bit-manipulation instructions
» Eight addressing modes
Register direct
Register indirect
Register indirect with displacement
Register indirect with post-increment or pre-decrement
Absolute address
Immediate
Program-counter relative
Memory indirect
« 64-Kbyte address space
» High-speed operation
All frequently used instructions are executed in two to four states
High-speed arithmetic and logic operations
8- or 16-bit register-register add or subtract: 0.25 ps”
8 x 8-bit multiply: 1.75 ps”*
16 + 8-bit divide: 1.75 ps”
Note: * Thesevauesareat ¢=8 MHz.
e Low-power operation modes
SLEEP instruction for transfer to low-power operation

OOo0o0ooo0ooOood

O 0Oo0Ooao
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212 Address Space

The H8/300L CPU supports an address space of up to 64 Kbytes for storing program code and
data.

See section 2.8, Memory Map, for details of the memory map.

213 Register Configuration

Figure 2.1 shows the register structure of the H8/300L CPU. There are two groups of registers. the
genera registers and control registers.

General registers (Rn)

7 07 0
ROH ROL
R1H RIL
R2H R2L
R3H R3L
R4H RAL
R5H R5L
R6H R6L
R7H (SP) R7L

Control registers (CR)

15 0
| PC |

7 6 5 4.3 2 10
CCR [IJUu|HJU[N][Z]|V]C]

[Legend]

SP:  Stack pointer
PC: Program counter
CCR: Condition code register
Interrupt mask bit
User bit
Half-carry flag
Negative flag
Zero flag
Overflow flag
Carry flag

osNzITC~

Figure2.1 CPU Registers
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2.2 Register Descriptions

221 General Registers
All the general registers can be used as both data registers and address registers.

When used as dataregisters, they can be accessed as 16-bit registers (R0 to R7), or the high bytes
(ROH to R7H) and low bytes (ROL to R7L) can be accessed separately as 8-bit registers.

When used as address registers, the general registers are accessed as 16-bit registers (RO to R7).

R7 aso functions as the stack pointer (SP), used implicitly by hardware in exception processing
and subroutine calls. When it functions as the stack pointer, as indicated in figure 2.2, SP (R7)
points to the top of the stack.

Lower address side [H'0000]

/N

Unused area

SP (R7) —=

Stack area

Upper address side [H'FFFF]

Figure2.2 Stack Pointer

222 Control Registers

The CPU control registersinclude a 16-hit program counter (PC) and an 8-bit condition code
register (CCR).

Program Counter (PC)

This 16-hit register indicates the address of the next instruction the CPU will execute. All
instructions are fetched 16 bits (1 word) at atime, so the least significant bit of the PC isignored
(always regarded as 0).
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Condition Code Register (CCR)

This 8-bit register containsinternal status information, including the interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags. These bits can be read
and written by software (using the LDC, STC, ANDC, ORC, and XORC instructions). TheN, Z,
V, and C flags are used as branching conditions for conditional branching (Bcc) instructions.

Bit 7—Interrupt Mask Bit (1): When thisbit is set to 1, interrupts are masked. Thisbit is set to 1
automatically at the start of exception handling. The interrupt mask bit may be read and written
by software. For further details, see section 3.3, Interrupts.

Bit 6—User Bit (U): Can be used freely by the user.

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

The H flag is used implicitly by the DAA and DAS instructions.

When the ADD.W, SUB.W, or CMP.W instruction is executed, the H flag is set to 1 if thereisa
carry or borrow at bit 11, and is cleared to O otherwise.

Bit 4—User Bit (U): Can be used freely by the user.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of the result of an
instruction.

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

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

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

e Addinstructions, 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.

Some instructions leave some or all of the flag bits unchanged.
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Refer to the H8/300L Series Programming Manual for the action of each instruction on the flag
bits.

223 Initial Register Values

When the CPU is reset, the program counter (PC) isinitialized to the value stored at address
H'0000 in the vector table, and the | bit in the CCR is set to 1. The other CCR bits and the general
registers are not initialized. In particular, the stack pointer (R7) is not initialized. The stack pointer
should be initialized by software, by the first instruction executed after a reset.

2.3 Data For mats

The H8/300L CPU can process 1-bit data, 4-bit (BCD) data, 8-bit (byte) data, and 16-bit (word)
data.

« Bit manipulation ingtructions operate on 1-bit data specified as bit n in a byte operand
(n=0,1,2,...,7).

» All arithmetic and logic instructions except ADDS and SUBS can operate on byte data.

« The MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 hits x 8 hits), and
DIV XU (16 bits + 8 bits) instructions operate on word data.

« TheDAA and DAS instructions perform decimal arithmetic adjustments on byte datain
packed BCD form. Each nibble of the byteis treated as adecimal digit.
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231 Data Formatsin General Registers

Data of all the sizes above can be stored in general registers as shown in figure 2.3.

Data Type Register No. Data Format
7 o
1-bit data RH |7 65 4]3][2]1]0] Dontcare
____________________________________________ 7 0
1-bit data ROL G Dontcare l7]l6l5]/al3]l2]1]0]
7 o
Byte data RnH |msB ‘LSB| ________________ I_:?pp_'!_c__a_r_e __________________
____________________________________________ 7 0
Byte data RoL @ Don'tcare |MSB‘ ‘LSB|
15 0
Word data Rn |MSB‘ ‘LSB|
7 4 3 o
4bitBCDdata  RnH |  Upperdigit Lowerdigt, | Dontcare
____________________________________________ 7 4 3 0
4-bit BCD data RnL : Don't care | , Upper digit.  Lower digit

[Legend]

RnH: Upper byte of general register
RnL: Lower byte of general register
MSB: Most significant bit

LSB: Least significant bit

Figure2.3 Register Data Formats
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232 Memory Data Formats

Figure 2.4 indicates the data formats in memory. The H8/300L CPU can access word data stored
in memory (MOV.W instruction), but the word data must always begin at an even address. If word
data starting at an odd address is accessed, the least significant bit of the address is regarded as O,
and the word data starting at the preceding addressis accessed. The same applies to instruction
codes.

Data Type Address Data Format
7 0
1-bit data Addressn |7 |6 [543 |2][1]o0
Byte data Address n MSB: :LSB
Word data Even address MSB: | LlJpperlg bitls i 1
Odd address Lower 8 bits |LsB
MSB. CCR LsB
Byte data (CCR) on stack Even address —tt—ttt
Odd address |MSB ‘ CQR* ‘ LsB
Word data on stack Even address MSB: | i i i i 1
Odd address LsB

Note: * Ignored on return

[Legend]
CCR: Condition code register

Figure2.4 Memory Data Formats

When the stack is accessed using R7 as an address register, word access should always be
performed. When the CCR is pushed on the stack, two identical copies of the CCR are pushed to
make a complete word. When they are restored, the lower byte isignored.
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24 Addressing Modes

241 Addressing M odes

The H8/300L CPU supports the eight addressing modes listed in table 2.1. Each ingtruction uses a
subset of these addressing modes.

Table2.1 AddressingM odes

No. Address Modes Symbol

1 Register direct Rn

2 Register indirect @Rn

3 Register indirect with displacement @(d:16, Rn)

4 Register indirect with post-increment @Rn+
Register indirect with pre-decrement @-Rn

5 Absolute address @aa:8 or @aa:16

6 Immediate #xX:8 or #xx:16

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

8 Memory indirect @@aa:8

Register Direct—Rn: The register field of the instruction specifies an 8- or 16-bit general register
containing the operand.

Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 hits), and

DIV XU (16 bits+ 8 hits) instructions have 16-bit operands.

Regigter Indirect—@Rn: Theregister field of the instruction specifies a 16-bit general register
containing the address of the operand in memory.

Register Indirect with Displacement—@(d:16, Rn): The instruction has a second word (bytes 3
and 4) containing a displacement which is added to the contents of the specified general register to
obtain the operand address in memory.

This modeis used only in MOV instructions. For the MOV .W instruction, the resulting address
must be even.
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Register Indirect with Post-lncrement or Pre-Decrement—@Rn+ or @-Rn:

* Register indirect with post-increment—@Rn+
The @Rn+ mode is used with MOV instructions that load registers from memory.
The register field of the instruction specifies a 16-bit general register containing the address of
the operand. After the operand is accessed, the register isincremented by 1 for MOV.B or 2 for
MOV.W. For MOV.W, the original contents of the 16-bit general register must be even.

» Register indirect with pre-decrement—@-Rn
The @—Rn mode is used with MOV instructions that store register contents to memory.
The register field of the instruction specifies a 16-bit general register which is decremented by
1 or 2 to obtain the address of the operand in memory. The register retains the decremented
value. The size of the decrement is 1 for MOV.B or 2 for MOV.W. For MOV.W, the origina
contents of the register must be even.

Absolute Address—@aa: 8 or @aa: 16: The instruction specifies the absolute address of the
operand in memory.

The absolute address may be 8 bits long (@aa:8) or 16 bits long (@aa:16). The MOV .B and bit
manipulation instructions can use 8-bit absolute addresses. The MOV.B, MOV.W, IMP, and JSR
instructions can use 16-bit absolute addresses.

For an 8-bit absolute address, the upper 8 bits are assumed to be 1 (H'FF). The addressrangeis
H'FFOO to H'FFFF (65280 to 65535).

Immediate—#xx:8 or #xx:16: The instruction contains an 8-bit operand (#xx:8) in its second
byte, or a 16-bit operand (#xx:16) in its third and fourth bytes. Only MOV.W instructions can
contain 16-bit immediate values.

The ADDS and SUBS instructions implicitly contain the value 1 or 2 asimmediate data. Some bit
manipulation instructions contain 3-bit immediate data in the second or fourth byte of the
instruction, specifying a bit number.

Program-Counter Relative—@(d:8, PC): This mode is used in the Bcc and BSR instructions.
An 8-bit displacement in byte 2 of the instruction code is sign-extended to 16 bits and added to the
program counter contents to generate a branch destination address. The possible branching range
is—126 to +128 bytes (—63 to +64 words) from the current address. The displacement should be an
even number.

Memory | ndirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
second byte of the instruction code specifies an 8-bit absolute address. The word located at this
address contains the branch destination address.
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The upper 8 bits of the absolute address are assumed to be 0 (H'00), so the addressrange is from
H'0000 to H'00FF (0 to 255). Note that with the H8/300L Series, the lower end of the address area
isalso used as avector area. See section 3.3, Interrupts, for details on the vector area.

If an odd address is specified as a branch destination or as the operand address of aMOV.W
instruction, the least significant bit is regarded as 0, causing word access to be performed at the
address preceding the specified address. See section 2.3.2, Memory Data Formats, for further
information.

24.2 Effective Address Calculation
Table 2.2 shows how effective addresses are calculated in each of the addressing modes.

Arithmetic and logic instructions use register direct addressing (1). The ADD.B, ADDX, SUBX,
CMP.B, AND, OR, and XOR instructions can also use immediate addressing (6).

Datatransfer instructions can use all addressing modes except program-counter relative (7) and
memory indirect (8).

Bit manipulation instructions can use register direct (1), register indirect (2), or 8-bit absolute
addressing (5) to specify the operand. Register indirect (1) (BSET, BCLR, BNOT, and BTST
instructions) or 3-bit immediate addressing (6) can be used independently to specify a bit position
in the operand.
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Effective Address Calculation

Table2.2
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25 Instruction Set

The H8/300L Series can use atotal of 55 instructions, which are grouped by function in table 2.3.

Table2.3 Instruction Set

Function Instructions Number
Data transfer MOV, PUSH*!, POP** 1
Arithmetic operations  ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 14
DAS, MULXU, DIVXU, CMP, NEG
Logic operations AND, OR, XOR, NOT
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14
BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc*z, JMP, BSR, JSR, RTS 5
System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 8
Block data transfer EEPMOV 1
Total: 55

Notes: 1. PUSH Rn is equivalent to MOV.W Rn, @-SP.

POP Rn is equivalent to MOV.W @SP+, Rn. The same applies to the machine

language.

2. Bcc is a conditional branch instruction in which cc represents a condition code.

The following sections give a concise summary of the instructions in each category, and indicate

the bit patterns of their object code. The notation used is defined next.
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Notation

Rd General register (destination)
Rs General register (source)

Rn General register

(EAd), <EAd>

Destination operand

(EAS), <EAs>

Source operand

CCR

Condition code register

N N (negative) flag of CCR

z Z (zero) flag of CCR

\% V (overflow) flag of CCR

C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

ad AND logical

ad OR logical

O Exclusive OR logical

- Move

~ Logical negation (logical complement)
3-bit length
8-bit length

:16 16-hit length

(), <> Contents of operand indicated by effective address
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251 Data Transfer Instructions
Table 2.4 describes the data transfer instructions. Figure 2.5 shows their object code formats.

Table2.4 Data Transfer Instructions

Instruction Size* Function

MOV B/W (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.

The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:16, @—Rn, and @Rn+
addressing modes are available for word data. The @aa:8
addressing mode is available for byte data only.

The @—-R7 and @R7+ modes require word operands. Do not
specify byte size for these two modes.

POP W @SP+ - Rn

Pops a 16-bit general register from the stack. Equivalent to
MOV.W @SP+, Rn.

PUSH W Rn - @-SP

Pushes a 16-bit general register onto the stack. Equivalent to
MOV.W Rn, @-SP.

Notes: * Size: Operand size
B: Byte
wW:  Word

Certain precautions are required in data access. See section 2.9.1, Notes on Data Access, for
details.

Figure 2.7 lists the format of the bit manipulation instructions.
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15 8 7 0o MOV
op ‘ rm ‘ rn | Rm—Rn
15 8 7 0
op ‘ rm ‘ rn | @Rm«—Rn
15 8 7 0
op ‘ rm ‘ rn
@(d:16, Rm)«<—Rn
disp
15 8 7 0
T T o T T T ‘ \rm T ‘ r\n T @Rm_'__)Rn’ or
P Rn -@-Rm
15 8 7 0
op rn ‘ abs | @aa:8«<——Rn
15 8 7 0
op rn
@aa:16«<—Rn
abs
15 8 7 0
op rn IMM #xx:8—>Rn
15 8 7 0
op ‘ n
#xx:16—>Rn
IMM
1 8 0
° . 7 T — PUSH, POP
op 11 1] m | @SP+>Rn, or
Rn—->@-SP

[Legend]

op: Operation field
rm, rn: Register field
disp: Displacement
abs:  Absolute address
IMM: Immediate data

Figure2.5 Data Transfer Instruction Codes
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252 Arithmetic Operations

Table 2.5 describes the arithmetic instructions.

Table2.5 Arithmetic Instructions

Instruction Size* Function

ADD B/W Rd+Rs - Rd, Rd + #IMM - Rd

SUB Performs addition or subtraction on data in two general registers,
or addition on immediate data and data in a general register.
Immediate data cannot be subtracted from data in a general
register. Word data can be added or subtracted only when both
words are in general registers.

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 addition or subtraction on immediate
data and data in a general register.

INC B Rd+1 - Rd

DEC Increments or decrements a general register by 1.

ADDS w Rd+1 - Rd,Rd+2 - Rd

SUBS Adds or subtracts 1 or 2 to or from a general register

DAA B Rd decimal adjust — Rd

DAS Decimal-adjusts (adjusts to 4-bit BCD) an addition or subtraction
result in a general register by referring to the CCR

MULXU B Rd x Rs - Rd
Performs 8-bit x 8-bit unsigned multiplication on data in two
general registers, providing a 16-bit result

DIVXU B Rd+Rs - Rd
Performs 16-bit + 8-bit unsigned division on data in two general
registers, providing an 8-bit quotient and 8-bit remainder

CMP B/W Rd — Rs, Rd — #IMM
Compares data in a general register with data in another general
register or with immediate data, and indicates the result in the
CCR. Word data can be compared only between two general
registers.

NEG B 0-Rd - Rd

Obtains the two’s complement (arithmetic complement) of data in a
general register

Notes: * Size:
B:
W:

Operand size

Byte
Word
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253 Logic Operations
Table 2.6 describes the four instructions that perform logic operations.

Table2.6 Logic Operation Instructions

Instruction Size* Function
AND B Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and
another general register or immediate data

OR B 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 RdORs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a general register
and another general register or immediate data

NOT B ~Rd - Rd

Obtains the one’s complement (logical complement) of general
register contents

Notes: * Size: Operand size
B: Byte
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254 Shift Operations

Table 2.7 describes the eight shift instructions.

Table2.7 Shift Instructions

Instruction Size* Function

SHAL B Rd shift -~ Rd

SHAR Performs an arithmetic shift operation on general register contents
SHLL B Rd shift -~ Rd

SHLR Performs a logical shift operation on general register contents
ROTL B Rd rotate - Rd

ROTR Rotates general register contents

ROTXL B Rd rotate through carry - Rd

ROTXR

Rotates general register contents through the C (carry) bit

Notes: * Size: Operand size
B: Byte
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Figure 2.6 shows the ingtruction code format of arithmetic, logic, and shift instructions.

15 8 7 0
| T o\ T T rr‘n ‘ r‘n T ADD, SUB, CMP,
P ADDX, SUBX (Rm)
15 8 7 0
| ‘ VI ‘ T |ADDS, SUBS, INC, DEC,
p DAA, DAS, NEG, NOT
15 8 7 0
| op | rm | m | MuLXU, DIVXU
15 8 7 0
| Y A ‘ ‘ Y ™ ADD, ADDX, SUBX,
P CMP (#XX:8)
15 8 7 0
| op | rm m | AND, OR, XOR (Rm)
15 8 7 0
| op m | IMM | AND, OR, XOR (#xx:8)
15 8 7 0
| ‘ o | SHAL, SHAR, SHLL, SHLR,
P ROTL, ROTR, ROTXL, ROTXR
[Legend]

op: Operation field
rm, rn: Register field
IMM:  Immediate data

Figure2.6 Arithmetic, Logic, and Shift Instruction Codes
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255 Bit Manipulations
Table 2.8 describes the bit-manipulation instructions. Figure 2.7 shows their object code formats.

Table2.8 Bit-Manipulation Ingtructions

Instruction Size* Function

BSET B 1 - (<bit-No.> of <EAd>)

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

BTST B ~ (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory 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 C flag with a specified bit in a general register or
memory, and stores the result in the C flag.

BIAND B C O[~ (<bit-No.> of <EAd>)] — C

ANDs the C flag with the inverse of a specified bit in a general
register or memory, and stores the result in the C flag.

The bit number is specified by 3-bit immediate data.

BOR B C O (<bit-No.> of <EAd>) — C

ORs the C flag with a specified bit in a general register or memory,
and stores the result in the C flag.

BIOR B C O[~ (<bit-No.> of <EAd>)] -~ C

ORs the C flag with the inverse of a specified bit in a general
register or memory, and stores the result in the C flag.

The bit number is specified by 3-bit immediate data.

Notes: * Size: Operand size
B: Byte
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Instruction Size* Function
BXOR B C O (<bit-No.> of <EAd>) - C
XORs the C flag with a specified bit in a general register or
memory, and stores the result in the C flag.
BIXOR B C O [~(<bit-No.> of <EAd>)] - C
XORs the C flag with the inverse of a specified bit in a general
register or memory, and stores the result in the C flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) - C
Copies a specified bit in a general register or memory to the C flag.
BILD B ~ (<bit-No.> of <EAd>) - C
Copies the inverse of a specified bit in a general register or
memory to the C flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Copies the C flag to a specified bit in a general register or memory.
BIST B ~ C - (<bit-No.> of <EAd>)

Copies the inverse of the C flag to a specified bit in a general
register or memory.

The bit number is specified by 3-bit immediate data.

Notes: * Size: Operand size
B:

Byte

Certain precautions are required in bit manipulation. See section 2.9.2, Notes on Bit

Manipulation, for details.

Figure 2.7 liststhe format of the bit manipulation instructions.
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BSET, BCLR, BNOT, BTST

register direct (Rn)
immediate (#xx:3)

register direct (Rn)
register direct (Rm)

register indirect (@Rn)

immediate (#xx:3)

register indirect (@Rn)

register direct (Rm)

absolute (@aa:8)

immediate (#xx:3)

absolute (@aa:8)

register direct (Rm)

BAND, BOR, BXOR, BLD, BST

15 0
‘ ‘ ‘ ‘ ‘ ‘ ‘ Operand:
| op ‘ IMM ‘ m Bit No.:
15 0
| ‘ o‘p ‘ "‘n ‘ r‘n ‘ Operand:
Bit No.:
15
op m 0 0 0 |Operand:
op | MM [0 0 0 0BitNo:
15
op m 0 0 O O/|Operand:
op rm 0 0 0 O|BitNo.:
15 0
op abs Operand:
op | MM [0 0 0 0BitNo:
15 0
op abs Operand:
op rm ‘ 0 0 0 OfBitNo.:
15 0
‘ ‘ ‘ ‘ ‘ ‘ ‘ Operand:
op MM m Bit No.:
15
op m 0 0 0 |Operand:
op | MM [0 0 0 0]BitNo:
15 0
op abs Operand:
op | MM [0 0 0 0]BitNo:
[Legend]

op: Operation field

rm, rn: Register field

abs: Absolute address
IMM:  Immediate data

register direct (Rn)
immediate (#xx:3)

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Bit Manipulation I nstruction Codes
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BIAND, BIOR, BIXOR, BILD, BIST
0

‘ Operand: register direct (Rn)
Bit No.: immediate (#xx:3)

Operand: register indirect (@QRn)

0 [Bit No.: immediate (#xx:3)

Operand: absolute (@aa:8)

op IMM m
15 0
op rn 0 0 0 O
op IMM 0 0 O
15 0
op abs
op IMM 0 0 O

0 [Bit No.: immediate (#xx:3)

[Legend]

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM:  Immediate data

Figure2.7 Bit Manipulation Instruction Codes (cont)

RENESAS
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256 Branching Instructions

Table 2.9 describes the branching instructions. Figure 2.8 shows their object code formats.

Table2.9 Branching Instructions

Instruction Size Function
Bcc — Branches to the designated address if condition cc is true. The
branching conditions are given below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High coz=o0
BLS Low or same ciz=1
BCC (BHS) Carry clear (high or same) Cc=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=1
BvVC 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 ZONOV)=0
BLE Less or equal ZONNDOV)=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
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15 8 7 0
op cc ‘ disp | Bcc
15 8 7
op m 0 0 0 0] JMP(@Rm)
15 8 7 0
op
JMP (@aa:16)
abs
15 8 7 0
op ‘ abs | JMP (@@aa:8)
15 8 7 0
op | disp | BSR
15 8 7
op m 0 0 0 0] JSR(@Rm)
15 8 7 0
op
JSR (@aa:16)
abs
15 8 7 0
op abs | JSR (@@aa:8)
15 8 7 0
op | RTS

[Legend]

op: Operation field
cc: Condition field
rm: Register field
disp: Displacement
abs: Absolute address

Figure2.8 Branching Instruction Codes
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257 System Control Instructions

Table 2.10 describes the system control instructions. Figure 2.9 shows their object code formats.

Table2.10 System Control Instructions

Instruction Size* Function
RTE — Returns from an exception-handling routine
SLEEP — Causes a transition from active mode to a power-down mode. See
section 5, Power-Down Modes, for details.
LDC B Rs - CCR, #IMM - CCR
Moves immediate data or general register contents to the condition
code register
STC B CCR - Rd
Copies the condition code register to a specified general register
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate
data
NOP — PC+2 - PC

Only increments the program counter

Notes: * Size: Operand size

B: Byte
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15 8 7 0

| op | RTE, SLEEP, NOP
15 8 7 0

| op m | Lbc, STC (Rn)
15 8 7 0

| o vy ANDC, ORC,

[Legend]
op: Operation field
rn:  Register field

IMM: Immediate data

XORC, LDC (#xx:8)

Figure2.9 System Contral Instruction Codes

258 Block Data Transfer Instruction

Table 2.11 describes the block data transfer instruction. Figure 2.10 shows its object code format.

Table2.11 Block Data Transfer Instruction

Instruction Size Function
EEPMOV — If R4L # 0 then
repeat @R5+ - @R6+
R4L -1 - RA4L
until R4L =0
else next;

Block transfer instruction. Transfers the number of data bytes
specified by R4L from locations starting at the address indicated by
R5 to locations starting at the address indicated by R6. After the
transfer, the next instruction is executed.

Certain precautions are required in using the EEPMOV instruction. See section 2.9.3, Notes on
Use of the EEPMOV Instruction, for details.
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15 8 7

[Legend]
op: Operation field

Figure2.10 Block Data Transfer Instruction Code
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2.6 Basic Operational Timing

CPU operation is synchronized by a system clock (@) or a subclock (@syg). For details on these
clock signals see section 4, Clock Pulse Generators. The period from arising edge of @ or ¢z to
the next rising edge is called one state. A bus cycle consists of two states or three states. The
cycle differs depending on whether access is to on-chip memory or to on-chip peripheral modules.

26.1 Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 bits, allowing
accessin byte or word size. Figure 2.11 shows the on-chip memory access cycle.

Bus cycle

a— T,state —ma— T,state —»

1

¢ or dsu

Internal address bus Address ><
Internal read signal i /
Internal data bus Read data >
(read access)

Internal write signal

Internal data bus

. Write data
(write access)

[T

Figure2.11 On-Chip Memory Access Cycle
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26.2 Access to On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 bits,
S0 access is by byte size only. This means that for accessing word data, two instructions must be
used. Figures 2.12 and 2.13 show the on-chip peripheral module access cycle.

Two-state access to on-chip peripheral modules

Bus cycle

|
[
[l

X

«—— T,state —»==—— T, state

L.

¢ or ¢sup

Internal address bus Address

>

J

Internal read signal
Internal data bus ' Read data
(read access) )

Internal write signal

e SO

Intgrnal data bus > < Write data
(write access)

Figure2.12 On-Chip Peripheral Module Access Cycle (2-State Access)
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Three-state access to on-chip peripheral modules

Bus cycle

|
[
[l

X

«—— T,state — == T,state — == Tjstate

.

¢ or dsuB

Internal ><
address bus Address

Internal
read signal

_

Internal :
data bus j—< Read data
(read access) X T

Internal
write signal

Write data

omemeoad oo

Internal
data bus
(write access)

Figure2.13 On-Chip Peripheral Module Access Cycle (3-State Access)

2.7 CPU States

271 Overview

There are four CPU states. the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. In the program halt state there are a sleep (high-speed or
medium-speed) mode, standby mode, watch mode, and sub-sleep mode. These states are shown in
figure 2.14. Figure 2.15 shows the state transitions.
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CPU state

Reset state

The CPU is initialized

Program
execution state

Active

— Program halt state

(high speed) mode

The CPU executes successive program

instructions at high speed,

synchronized by the system clock

Active

(medium speed) mode

The CPU executes successive

program instructions at

reduced speed, synchronized

by the system clock

Subactive mode

The CPU executes
successive program
instructions at reduced
speed, synchronized
by the subclock

Sleep (high-speed)

A state in which some
or all of the chip
functions are stopped
to conserve power

Exception-
handling state

mode

mode

Sleep (medium-speed)

— Standby mode

T e [

— Watch mode

[T —

— Subsleep mode

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

modes

Note: See section 5, Power-Down Modes, for details on the modes and their transitions.

Figure2.14 CPU Operation States
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Reset cleared

\

Reset state ) Exception-handling state

Reset occurs

Reset
occurs

Interrupt
source

R ion-

eset 0GCUrS Interrupt Exceptlon

occurs source handling
occurs complete

Program halt state Program execution state

SLEEP instruction executed

Figure2.15 State Transitions

272 Program Execution State
In the program execution state the CPU executes program instructions in sequence.

There are three modes in this state, two active modes (high speed and medium speed) and one
subactive mode. Operation is synchronized with the system clock in active mode (high speed and
medium speed), and with the subclock in subactive mode. See section 5, Power-Down Modes for
details on these modes.

273 Program Halt State

In the program halt state there are five modes: two sleep modes (high speed and medium speed),
standby mode, watch mode, and subsleep mode. See section 5, Power-Down Modes for details on
these modes.

274 Exception-Handling State

The exception-handling state is atransient state occurring when exception handling is started by a
reset or interrupt and the CPU changes its normal processing flow. In exception handling caused
by an interrupt, SP (R7) is referenced and the PC and CCR values are saved on the stack.

For details on interrupt handling, see section 3.3, Interrupts.
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2.8 Memory Map

281 Memory Map

The memory map of the H8/38024, H8/38024S, and H8/38124 are shown in figure 2.16(1), that of
the H8/38023, H8/38023S, and H8/38123 in figure 2.16(2), that of the H8/38022, H8/38022S, and
H8/38122 in figure 2.16(3), that of the H8/38021, H8/38021S, and H8/38121 in figure 2.16(4),
and that of the H8/38020, H8/38020S, and H8/38120 in figure 2.16(5).
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HD64F38024, HD64F38024R, HD64F38124

(flash memory version)

H'0000

H'0029
H'002A

H'7000

H'7FFF

Interrupt vector area

Firmware
for on-chip emulator™’

Not used

H'F020
H'F02B

Internal 1/O register

Not used

H'F740
HF74F

LCD RAM (16 bytes)

Not used

H'F780

HFB7F
H'FB80

HFF7F

(Workarea for reprogramming
flash memory: 1 Kbyte)*?

On-chip RAM
""" (2 Kbytes)

User area
(1 Kbyte)

H'FF80

HFFFF

Internal 1/O register
(128 bytes)

Notes: 1.

32 Kbytes
(32768 bytes)

1024 bytes

H'0000

H'0029
H'002A

H7FFF

HF740
HF74F

H'FB80

HFF7F
H'FF80

HFFFF

Not available to the user if the on-chip emulator is used.
2. Used by the programming control program when programming flash memory. Also, not available to the user

if the on-chip emulator is used.

HD64338024 (mask ROM version)
HD64338024S (mask ROM version)
HD64338124 (mask ROM version)

HD64738024 (PROM version)

Interrupt vector area

On-chip ROM

Not used

32 Kbytes
(32768 bytes)

LCD RAM (16 bytes)

Not used

On-chip RAM

Internal 1/0 register
(128 bytes)

1024 bytes

Figure2.16(1) HB8/38024, H8/38024S, and H8/38124 Memory M ap
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H'0000
Interrupt vector area
H'0029
H'002A
24 Kbytes
On-chip ROM (24576 bytes)

H'5FFF

Not used
H'F740

LCD RAM

(16 bytes)
H'F74F

Not used
H'FB80

On-chip RAM 1024 bytes
H'FF7F
H'FF80
Internal 1/O registers

(128 bytes)

H'FFFF

Figure 2.16(2) H8/38023, H8/38023S, and H8/38123 M emory M ap
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H'0000

H'0029
H'002A

H'3FFF

H'7000

H7FFF

H'F020
H'FO2B

HF740
HF74F

H'F780

HFB7F
H'FB8O

HFF7F
H'FF80

HFFFF

Flash memory version

Interrupt vector area

On-chip ROM

Not used

Firmware
for on-chip emulator

Not used

Internal 1/O register

Not used

LCD RAM (16 bytes)

Not used

(Workarea for reprogramming
flash memory: 1 Kbyte)*

On-chip RAM

(2 Kbytes)

User area
(1 Kbyte)

Internal 1/O register
(128 bytes)

H'0000

H'0029
H'002A

16 Kbytes
(16384 bytes)

H'3FFF

HF740
HF74F

H'FB80

1024 bytes

HFF7F
H'FF80

HFFFF

Mask ROM version

Interrupt vector area

On-chip ROM

16 Kbytes
(16384 bytes)

Not used

LCD RAM (16 bytes)

Not used

On-chip RAM

Internal 1/0 register
(128 bytes)

1024 bytes

Note: * Used by the programming control program when programming flash memory. Also, not available to the user if

the on-chip emulator is used.

Figure2.16(3) HB8/38022, H8/38022S, and H8/38122 Memory M ap

Rev. 7.00 Mar 10, 2005 page 63 of 652
REJ09B0042-0700

RENESAS




Section2 CPU

H'0000
Interrupt vector area
H'0029
H'002A
12 Kbytes
On-chip ROM (12288 bytes)

H'2FFF

Not used
H'F740

LCD RAM

(16 bytes)
H'F74F

Not used
H'FD80

On-chip RAM 512 bytes
H'FF7F
H'FF80
Internal 1/O registers

(128 bytes)

H'FFFF

Figure 2.16(4) H8/38021, H8/38021S, and H8/38121 M emory M ap
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H'0000
Interrupt vector area
H'0029
H'002A
8 Kbytes
On-chip ROM (8192 bytes)

H'1FFF

Not used
H'F740

LCD RAM

(16 bytes)
H'F74F

Not used
H'FD80

On-chip RAM 512 bytes
H'FF7F
H'FF80
Internal 1/O registers

(128 bytes)

H'FFFF

Figure 2.16(5) H8/38020, H8/38020S, and H8/38120 M emory M ap
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29 Application Notes

291 Noteson Data Access

1. Accessto Empty Areas:

The address space of the H8/300L CPU includes empty areasin addition to the RAM,
registers, and ROM areas available to the user. If these empty areas are mistakenly accessed
by an application program, the following results will occur.

Datatransfer from CPU to empty area:
The transferred data will be lost. This action may also cause the CPU to misoperate.

Datatransfer from empty areato CPU:
Unpredictable datais transferred.

2. Accessto Internal 1/0 Registers:

Internal datatransfer to or from on-chip modules other than the ROM and RAM areas makes
use of an 8-bit datawidth. 1f word accessis attempted to these aress, the following results will
occur.

Word access from CPU to 1/O register area:
Upper byte: Will be written to 1/0 register.
Lower byte: Transferred datawill be lost.

Word access from /O register to CPU:
Upper byte: Will be written to upper part of CPU register.
Lower byte: Unpredictable datawill be written to lower part of CPU register.

Byte size instructions should therefore be used when transferring data to or from 1/0 registers
other than the on-chip ROM and RAM areas. Figure 2.17 shows the data size and number of
states in which on-chip peripheral modules can be accessed.

Rev. 7.00 Mar 10, 2005 page 66 of 652
REJ09B0042-0700

RENESAS



Section2 CPU

H'0000

H'0029
H'002A

*1
H7FFF

H'F020
H'F02B

H'F740
HF74F

H'F780
H'FB7F

*2
H'FB80
HFF7F

H'FF80

HFFFF

Access
States
N Word Byte
Interrupt vector area
(42 bytes)
32 Kbytes ©) ©) 2
On-chip ROM
Not used — — —
Internal 1/O registers™*3 X O 2
Not used — — —
LCD RAM
(16 bytes) o o 2
Not used — — —
(1-Kbyte work area for flash
memory programming)*3 O O 2
-------- Internal RAM - ---=----q-3-------------
User Area 1024 bytes O @) 2
________________ X O 2
) H'FF98 to HFF9F X ©) 3
Internal I/O registers [~ """ TToTTooo > ) 2
(128 bytes) b ---ooeeoooo
H'FFA8 to HFFAF X O 3
_______________ X O 2

Notes: These examples apply to the H8/38024.
On the H8/38024, H8/38124, and H8/38024S, 32 Kbytes and the address is H'7FFF; on the

1.

H8/38023, H8/38123, and H8/38023S, 24 Kbytes and the address is H'5FFF; on the
H8/38022, H8/38122, and H8/38022S, 16 Kbytes and the address is H'3FFF; on the
H8/38021, H8/38121, and H8/38021S, 12 Kbytes and the address is H'2FFF; on the

H8/38020, H8/38120, and H8/38020S, 8 Kbytes and the address is H'1FFF.
On the H8/38021, H8/38121, H8/38021S, H8/38020, H8/38120, and H8/380208S, 512 bytes

and the address is H'FD80.

Only the HD64F38024, HD64F38024R, HD64F38122, and HD64F38124 are equipped with
internal I/O registers from H'F020 to H'F02B and on-chip RAM from H'F780 to H'FB7F.
Attempting to access these areas on products other than the HD64F38024, HD64F38024R,

HD64F38122, and HD64F38124 will result in access to an empty area.

Figure2.17 Data Size and Number of Statesfor Accessto and from
On-Chip Peripheral Modules
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292 Noteson Bit Manipulation

The BSET, BCLR, BNOT, BST, and BIST ingtructions read one byte of data, modify the data,
then write the data byte again. Specia care is required when using these instructions in cases
where two registers are assigned to the same address, in the case of registersthat include write-
only bits, and when the instruction accesses an 1/0 port.

Order of Operation Operation

1 Read Read byte data at the designated address

2 Modify Modify a designated bit in the read data

3 Write Write the altered byte data to the designated address

1. Bit manipulation in two registers assigned to the same address
Example 1: timer load register and timer counter

Figure 2.18 shows an example in which two timer registers share the same address. When a bit
manipulation instruction accesses the timer load register and timer counter of a reloadable timer,
since these two registers share the same address, the following operations take place.

Order of Operation Operation

1 Read Timer counter data is read (one byte)

2 Modify The CPU modifies (sets or resets) the bit designated in the instruction
3 Write The altered byte data is written to the timer load register

The timer counter is counting, so the value read is not necessarily the same asthe value in the
timer load register. Asaresult, bits other than the intended bit in the timer load register may be
modified to the timer counter value.

Read
Count clock — Timer counter
Reload
Write
Timer load register
Internal
data bus

Figure2.18 Timer Configuration Example
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Example 2: BSET instruction executed designating port 3

P3; and P3; are designated as input pins, with alow-level signal input at P3; and a high-level
signal at P3;. Theremaining pins, P35 to P3;, are output pins and output low-level signals. In this
example, the BSET instruction is used to change pin P3, to high-level output.

[A: Prior to executing BSET]

P3; P3¢ P3s P3, P33 P3, P31 P30
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @DR3 The BSET ingtruction is executed designating port 3.

[C: After executing BSET]

P37 P3s P35 P34 P33 P32 P3: P30
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level High level
PCR3 0 0 1 1 1 1 1 1
PDR3 0 1 0 0 0 0 0 1

[D: Explanation of how BSET operates|
When the BSET ingtruction is executed, first the CPU reads port 3.

Since P3; and P35 are input pins, the CPU reads the pin states (low-level and high-level input).
P35 to P3, are output pins, so the CPU reads the value in PDR3. In this example PDR3 has avalue
of H'80, but the value read by the CPU is H'40.

Next, the CPU sets bit 0 of the read datato 1, changing the PDR3 datato H'41. Finally, the CPU
writes this value (H'41) to PDR3, completing execution of BSET.

As aresult of this operation, bit 0in PDR3 becomes 1, and P3; outputs a high-level signal.
However, bits 7 and 6 of PDR3 end up with different values.
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To avoid this problem, store a copy of the PDR3 datain awork areain memory. Perform the bit
manipulation on the data in the work area, then write this datato PDR3.

[A: Prior to executing BSET]

MOV. B #80, ROL The PDR3 value (H'80) is written to awork areain memory
MOV. B ROL, @RAMD (RAMO) aswell asto PDR3
MOV. B ROL, @°DR3

P37 P3s P35 P34 P33 P3; P3; P3o
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @RAMD The BSET ingtruction is executed designating the PDR3

work area (RAMO).

[C: After executing BSET]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PDR3.
MOV. B ROL, @°DR3

P3; P36 P35 P34 P3; P3; P3: P30
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level High level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1
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2. Bit manipulation in aregister containing a write-only bit
Example 3: BCLR instruction executed designating port 3 control register PCR3

Asin the examples above, P3; and P3¢ are input pins, with alow-level signal input at P3; and a
high-level signal at P35. The remaining pins, P35 to P3,, are output pinsthat output low-level
signals. In thisexample, the BCLR instruction is used to change pin P3, to an input port. Itis
assumed that a high-level signal will be input to thisinput pin.

[A: Prior to executing BCLR]

P3; P3¢ P3s P3, P33 P3, P31 P30
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BCLR instruction executed]

BCLR #0 , @CR3 The BCLR instruction is executed designating PCR3.

[C: After executing BCLR]

P37 P36 P35 P34 P33 P32 P31 P30

Input/output Output Output Output Output Output Output Output Input

Pin state Low level High level Low level Low level Low level Low level Low level High level
PCR3 1 1 1 1 1 1 1 0

PDR3 1 0 0 0 0 0 0 0

[D: Explanation of how BCLR operates)

When the BCLR instruction is executed, first the CPU reads PCR3. Since PCR3 is awrite-only
register, the CPU reads a value of H'FF, even though the PCR3 value is actually H'3F.

Next, the CPU clears bit 0 in theread datato 0, changing the datato H'FE. Finally, thisvalue
(H'FE) iswritten to PCR3 and BCLR instruction execution ends.

As aresult of this operation, bit 0 in PCR3 becomes 0, making P3, an input port. However, bits 7
and 6 in PCR3 change to 1, so that P3; and P3; change from input pinsto output pins.
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To avoid this problem, store a copy of the PCR3 datain awork areain memory. Perform the bit
manipulation on the data in the work area, then write this datato PCR3.

[A: Prior to executing BCLR]

MOV. B #3F, ROL The PCR3 value (H'3F) is written to awork areain memory
MOV. B ROL, @RAMD (RAMO) as well asto PCR3.
MOV. B ROL, @°CR3

P37 P3s P35 P34 P33 P3; P3; P3o
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1

[B: BCLR instruction executed]

BCLR #0 , @RAMD The BCLR instruction is executed designating the PCR3

work area (RAMO).

[C: After executing BCLR]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PCR3.
MOV. B ROL, @CR3

P3; P36 P35 P34 P3; P3; P3: P30
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level High level
PCR3 0 0 1 1 1 1 1 0
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0

Table 2.12 liststhe pairs of registersthat share identical addresses. Table 2.13 lists the registers
that contain write-only bits.
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Table2.12 Registerswith Shared Addresses

Register Name Abbreviation Address
Timer counter C/Timer load register C TCC/TLC H'FFB5
Port data register 1* PDR1 H'FFD4
Port data register 3* PDR3 H'EFED6
Port data register 4* PDR4 H'EED7
Port data register 5* PDR5 H'FFDS
Port data register 6 PDR6 H'FED9
Port data register 7* PDR7 H'FEDA
Port data register 8" PDRS H'FEDB
Port data register A* PDRA H'EFEDD

Note: * Port data registers have the same addresses as input pins.

Table2.13 Regigerswith Write-Only Bits

Register Name Abbreviation Address
Port control register 1 PCR1 H'FFE4
Port control register 3 PCR3 H'FFE6
Port control register 4 PCR4 H'FFE7
Port control register 5 PCR5 H'FFE8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCRS8 H'FFEB
Port control register A PCRA H'FFED
Timer control register F TCRF H'FFB6
PWM1 control register PWCR1 H'FFDO
PWM1 data register U PWDRU1 H'FFD1
PWM1 data register L PWDRL1 H'FFD2
PWM2 control register PWCR2 H'FFCD
PWM2 data register U PWDRU2 H'FFCE
PWM2 data register L PWDRL2 H'FFCF
Event counter PWM data register H ECPWDRH H'FFSE
Event counter PWM data register L ECPWDRL H'FF8F
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293 Noteson Use of the EEPM OV [ nstruction

« The EEPMOV ingtruction is ablock data transfer instruction. It moves the number of bytes
specified by R4L from the address specified by R5 to the address specified by R6.

R5 =

R5 + R4L —

< R6 + R4L

*  When setting R4L and R6, make sure that the final destination address (R6 + R4L) does not
exceed H'FFFF. The value in R6 must not change from H'FFFF to H'0000 during execution of

the instruction.

R5 —

R5 + R4L —

HFFFF

Not allowed

< R6 + R4L
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Section 3 Exception Handling

31 Overview

Exception handling is performed in the H8/38024 Group, H8/38024S Group, H8/38024F-ZTAT
Group, and H8/38124 Group when areset or interrupt occurs. Table 3.1 shows the priorities of
these two types of exception handling.

Table3.1 Exception Handling Typesand Priorities

Priority Exception Source Time of Start of Exception Handling

High Reset Exception handling starts as soon as the reset state is cleared
Interrupt When an interrupt is requested, exception handling starts after
execution of the present instruction or the exception handling in
Low progress is completed
3.2 Reset

321 Overview

A reset isthe highest-priority exception. Theinternal state of the CPU and the registers of the on-
chip peripheral modules are initialized.

322 Reset Sequence
As soon asthe RES pin goes low, al processing is stopped and the chip enters the reset state.
To make sure the chip is reset properly, observe the following precautions.

e At power on: Hold the RES pin low until the clock pulse generator output stabilizes.
» Resetting during operation: Hold the RES pin low for at least 10 system clock cycles.

Reset exception handling takes place asfollows.

» TheCPU internal state and the registers of on-chip peripheral modules are initialized, with the
| bit of the condition code register (CCR) set to 1.

» ThePCisloaded from the reset exception handling vector address (H'0000 to H'0001), after
which the program starts executing from the addressindicated in PC.
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When system power is turned on or off, the RES pin should be held low.
Figure 3.1 shows the reset sequence starting from RES inpuit.

See section 14.3.1, Power-On Reset Circuit, for information on the reset sequence for the
H8/38124 Group, which is equipped with an on-chip power-on reset circuit.

—— » Reset cleared

Program initial
Vector fetch Internal instruction prefetch
@« »| Processing l¢—— |

3
m
wn
T~

Internal

address bus : () >< 2) ><
Internal read | \ / \ [\
signal

Internal write
signal

Internal data !
bus (16-bit) ! 2) (3)

(1) Reset exception handling vector address (H'0000)
(2) Program start address
(3) First instruction of program

Figure3.1 Reset Sequence

323 Interrupt Immediately after Reset

After areset, if an interrupt were to be accepted before the stack pointer (SP: R7) wasinitialized,
PC and CCR would not be pushed onto the stack correctly, resulting in program runaway. To
prevent this, immediately after reset exception handling all interrupts are masked. For thisreason,
theinitial program instruction is always executed immediately after areset. Thisinstruction
should initialize the stack pointer (e.g. MOV.W #xx: 16, SP).

Rev. 7.00 Mar 10, 2005 page 76 of 652
REJ09B0042-0700

RENESAS



Section 3 Exception Handling

3.3 Interrupts

331 Overview

The interrupt sources include 13 external interrupts (WKP; to WKPy, IRQ4, IRQ3, IRQ;, IRQ,
IRQAEC) and 9 internal interrupts from on-chip peripheral modules. Table 3.2 shows the interrupt
sources, their priorities, and their vector addresses. When more than one interrupt is requested, the
interrupt with the highest priority is processed.

The interrupts have the following features:

« Internal and external interrupts can be masked by the | bitin CCR. Whenthel bitissetto 1,
interrupt request flags can be set but the interrupts are not accepted.

e IRQs IRQz, IRQy, IRQ, and WKP; to WKP, can be set to either rising edge sensing or falling
edge sensing, and |RQAEC can be set to either rising edge sensing, falling edge sensing, or
both edge sensing.
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Table3.2 Interrupt Sourcesand Their Priorities

Interrupt Source  Interrupt Vector Number Vector Address  Priority
RES Reset 0 H'0000 to H'0001 High
Watchdog timer 1
IRQo IRQo 4 H'0008 to H'0009
LVDI* Low-voltage detect interrupt”
IRQ, IRQ: 5 H'000A to H'000B
IRQAEC IRQAEC 6 H'000C to H'000D
IRQ3 IRQ3 7 H'000E to H'000F
IRQ4 IRQ4 8 H'0010 to H'0011
WKPg WKPg 9 H'0012 to H'0013
WKP; WKP,
WKP, WKP,
WKP3 WKP3
WKP4 WKP,4
WKPs WKPs
WKPs WKPg
WKP; WKP7
Timer A Timer A overflow 11 H'0016 to H'0017
Asynchronous Asynchronous event 12 H'0018 to H'0019
event counter counter overflow
Timer C Timer C overflow or underflow 13 H'001A to H'001B
Timer FL Timer FL compare match 14 H'001C to H'001D
Timer FL overflow
Timer FH Timer FH compare match 15 H'001E to H'O01F
Timer FH overflow
Timer G Timer G input capture 16 H'0020 to H'0021
Timer G overflow
SCI3 SCI3 transmit end 18 H'0024 to H'0025
SCI3 transmit data empty
SCI3 receive data full
SCI3 overrun error
SCI3 framing error
SCI3 parity error
A/D A/D conversion end 19 H'0026 to H'0027
(SLEEP instruction Direct transfer 20 H'0028 to H'0029 Low
executed)

Notes: Vector addresses H'0002 to H'0007, H'0014 to H'0015, and H'0022 to H'0023 are reserved
and cannot be used.

*  The low-voltage detect interrupt triggered by the LVDI is only implemented on the
H8/38124 Group.
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3.3.2

Interrupt Control Registers

Table 3.3 lists the registers that control interrupts.

Table3.3 Interrupt Control Registers
Name Abbreviation RIW Initial Value Address
IRQ edge select register IEGR R/W — H'FFF2
Interrupt enable register 1 IENR1 R/W — H'FFF3
Interrupt enable register 2 IENR2 R/W — H'FFF4
Interrupt request register 1 IRR1 RW* — H'FFF6
Interrupt request register 2 IRR2 R/W* — H'FFF7
Wakeup interrupt request register IWPR RW* H'00 H'FFF9
Wakeup edge select register WEGR R/W H'00 H'FF90
Note: * Write is enabled only for writing of 0 to clear a flag.
IRQ Edge Select Register (IEGR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ IEG4 ‘ IEG3 ‘ — ‘ IEG1 ‘ IEGO ‘
Initial value 1 1 1 0 0 — 0 0
Read/Write — — — R/W R/W w R/W R/W

IEGR is an 8-bit read/write register used to designate whether pinsIRQ,, IRQs, IRQ;, and IRQo
are set to rising edge sensing or falling edge sensing. For the IRQAEC pin edge sensing
specifications, see section 9.7, Asynchronous Event Counter (AEC).

Bits 7 to 5—Reserved

Bits 7 to 5 are reserved: they are always read as 1 and cannot be modified.
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Bit 4—I RQ, Edge Sdect (IEG4)

Bit 4 selects the input sensing of the IRQ, pin and ADTRG pin.

Bit 4

IEG4 Description

0 Falling edge of IRQ, and ADTRG pin input is detected (initial value)
1 Rising edge of IRQ, and ADTRG pin input is detected

Bit 3—I RQ; Edge Sdlect (IEG3)

Bit 3 selects the input sensing of the IRQ3 pin and TMIF pin.

Bit 3

IEG3 Description

0 Falling edge of IRQs and TMIF pin input is detected (initial value)
1 Rising edge of IRQ; and TMIF pin input is detected

Bit 2—Reserved

Bit 2 is reserved: it can only be written with O.

Bit 1—IRQ; Edge Select (IEG1)

Bit 1 selectsthe input sensing of the IRQ; pin and TMIC pin.

Bit 1

IEG1 Description

0 Falling edge of IRQ; and TMIC pin input is detected (initial value)
1 Rising edge of IRQ; and TMIC pin input is detected

Bit 0—IRQ, Edge Sdlect (IEGO)

Bit O selects the input sensing of pin IRQ.

Bit 0

IEGO Description

0 Falling edge of IRQp pin input is detected (initial value)
1 Rising edge of IRQy pin input is detected
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Interrupt Enable Register 1 (IENR1)

Bit 7 6 5 4 3 2 1 0

‘ IENTA ‘ — ‘ IENWP‘ IEN4 ‘ IEN3 ‘IENECZ‘ IEN1 ‘ IENO ‘
Initial value 0 — 0 0 0 0 0 0
Read/Write R/W w R/W R/W R/W R/W R/W R/W

IENRL is an 8-hit read/write register that enables or disables interrupt requests.
Bit 7—Timer A Interrupt Enable (IENTA)

Bit 7 enables or disablestimer A overflow interrupt requests.

Bit 7

IENTA Description

0 Disables timer A interrupt requests (initial value)
1 Enables timer A interrupt requests

Bit 6—Reserved

Bit 6 is reserved: it can only be written with O.
Bit 5—Wakeup Interrupt Enable (IENWP)

Bit 5 enables or disables WKP; to WK P, interrupt requests.

Bit 5

IENWP Description

0 Disables WKP; to WKPy interrupt requests (initial value)
1 Enables WKP; to WKP, interrupt requests

Bits4 and 3—IRQ,4 and IRQ; Interrupt Enable (IEN4 and | EN3)

Bits 4 and 3 enable or disable IRQ, and IRQ;3 interrupt requests.

Bit n

IENN Description

0 Disables interrupt requests from pin IRQn (initial value)
1 Enables interrupt requests from pin IRQnN

(n=4or3)
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Bit 2—IRQAEC Interrupt Enable (IENEC?2)

Bit 2 enables or disables IRQAEC interrupt requests.

Bit 2

IENEC2 Description

0 Disables IRQAEC interrupt requests (initial value)
1 Enables IRQAEC interrupt requests

Bits1 and 0—IRQ; and IRQq Interrupt Enable (IEN1 and | ENO)

Bits 1 and 0 enable or disable IRQ; and IRQq interrupt requests.

Bitn
IENN Description
0 Disables interrupt requests from pin IRQn (initial value)
1 Enables interrupt requests from pin IRQnN
(n=1o0r0)

Interrupt Enable Register 2 (IENR2)

Bit 7 6 5 4 3 2 1 0

‘ IENDT ‘ IENAD ‘ — ‘ IENTG ‘ IENTFH ‘ IENTFL ‘ IENTC ‘ IENEC ‘

Initial value 0 0 — 0 0 0 0 0

Read/Write R/W R/W w R/W R/W R/W R/W R/W
IENR2 is an 8-bit read/write register that enables or disables interrupt requests.
Bit 7—Direct Transfer Interrupt Enable (IENDT)
Bit 7 enables or disables direct transfer interrupt requests.
Bit 7
IENDT Description
0 Disables direct transfer interrupt requests (initial value)
1 Enables direct transfer interrupt requests

Rev. 7.00 Mar 10, 2005 page 82 of 652
REJ09B0042-0700
RENESAS



Section 3 Exception Handling

Bit 6—A/D Converter Interrupt Enable (IENAD)

Bit 6 enables or disables A/D converter interrupt requests.

Bit 6

IENAD Description

0 Disables A/D converter interrupt requests (initial value)
1 Enables A/D converter interrupt requests

Bit 5—Reserved

Bit 5 isreserved hit: it can only be written with O.
Bit 4—Timer G Interrupt Enable (IENTG)

Bit 4 enables or disablestimer G input capture or overflow interrupt requests.

Bit 4

IENTG Description

0 Disables timer G interrupt requests (initial value)
1 Enables timer G interrupt requests

Bit 3—Timer FH Interrupt Enable (IENTFH)

Bit 3 enables or disablestimer FH compare match and overflow interrupt requests.

Bit 3

IENTFH Description

0 Disables timer FH interrupt requests (initial value)
1 Enables timer FH interrupt requests

Bit 2—Timer FL Interrupt Enable (IENTFL)

Bit 2 enables or disablestimer FL compare match and overflow interrupt requests.

Bit 2

IENTFL Description

0 Disables timer FL interrupt requests (initial value)
1 Enables timer FL interrupt requests
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Bit —Timer C Interrupt Enable (IENTC)

Bit 1 enables or disablestimer C overflow and underflow interrupt requests.

Bit 1

IENTC Description

0 Disables timer C interrupt requests (initial value)
1 Enables timer C interrupt requests

Bit 0—Asynchronous Event Counter Interrupt Enable (IENEC)

Bit O enables or disables asynchronous event counter interrupt requests.

Bit 0

IENEC Description

0 Disables asynchronous event counter interrupt requests (initial value)
1 Enables asynchronous event counter interrupt requests

For details of SCI3 interrupt control, see section 10.2.6 Serial control register 3 (SCR3).

Interrupt Request Register 1 (IRR1)

Bit 7 6 5 4 3 2 1 0
\ IRRTA‘ — \ — \ IRRI4 \ IRRI3 ‘IRRECZ‘ IRRI1 \ IRRIO \

Initial value 0 — 1 0 0 0 0 0

Read/Write R/(W)* W — R/(W)*  RI(W)* R/A(W)* RI(W)* R/(W)*

Note: * Only a write of O for flag clearing is possible

IRRL1 is an 8-bit read/write register, in which a corresponding flag is set to 1 when atimer A,
IRQAEC, IRQq, IRQ3, IRQy, or IRQ interrupt is requested. The flags are not cleared
automatically when an interrupt is accepted. It is necessary to write 0 to clear each flag.
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Bit 7—Timer A Interrupt Request Flag (IRRTA)

Bit 7

IRRTA Description

0 Clearing conditions: (initial value)
When IRRTA =1, it is cleared by writing O

1 Setting conditions:
When the timer A counter value overflows

Bit 6—Reserved

Bit 6 is reserved; it can only be written with O.

Bit 5—Reserved

Bit 5isreserved; it isalways read as 1 and cannot be modified.

Bits4 and 3—IRQ, and IRQz I nterrupt Request Flags (IRRI4 and IRRI3)

Bitn

IRRIN Description

0 Clearing conditions: (initial value)
When IRRIn = 1, it is cleared by writing O

1 Setting conditions:

When pin IRQn is designated for interrupt input and the designated signal edge is
input

(n=4or3)
Bit 2—IRQAEC Interrupt Request Flag (IRREC?2)
Bit 2
IRREC2 Description
0 Clearing conditions: (initial value)
When IRREC2 =1, itis cleared by writing O
1 Setting conditions:

When pin IRQAEC is designated for interrupt input and the designated signal edge is
input
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Bits1 and 0—IRQ; and IRQq I nterrupt Request Flags (IRRI1 and IRRIO0)

Bitn

IRRIN Description

0 Clearing conditions: (initial value)
When IRRIn = 1, it is cleared by writing O

1 Setting conditions:
When pin IRQn is designated for interrupt input and the designated signal edge is
input

(n=1o0r0)

Interrupt Request Register 2 (IRR2)

Bit 7 6 5 4 3 2 1 0
‘ IRRDT ‘ IRRAD ‘ — ‘ IRRTG ‘IRRTFH ‘ IRRTFL‘ IRRTC ‘ IRREC ‘
Initial value 0 0 — 0 0 0 0 0

Read/Write RI(W)*  RI(W)* w R/(W)* R/(W)*  R/(W)*  RI(W)* R/(W)*
Note: * Only a write of 0 for flag clearing is possible

IRR2 is an 8-bit read/write register, in which a corresponding flag is set to 1 when a direct
transfer, A/D converter, Timer G, Timer FH, Timer FL, Timer C, or asynchronous event counter
interrupt is requested. The flags are not cleared automatically when an interrupt is accepted. Itis
necessary to write 0 to clear each flag.

Bit 7—Direct Transfer Interrupt Request Flag (IRRDT)

Bit 7

IRRDT Description

0 Clearing conditions: (initial value)
When IRRDT =1, itis cleared by writing 0

1 Setting conditions:
When a direct transfer is made by executing a SLEEP instruction while DTON = 1 in
SYSCR2
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Bit 6—A/D Converter Interrupt Request Flag (IRRAD)

Bit 6

IRRAD Description

0 Clearing conditions: (initial value)
When IRRAD =1, it is cleared by writing O

1 Setting conditions:
When A/D conversion is completed and ADSF is cleared to 0 in ADSR

Bit 5—Reserved

Bit 5isreserved: it can only be written with O.

Bit 4—Timer G Interrupt Request Flag (IRRTG)

Bit 4

IRRTG Description

0 Clearing conditions: (initial value)
When IRRTG =1, it is cleared by writing O

1 Setting conditions:

When the TMIG pin is designated for TMIG input and the designated signal edge is
input, and when TCG overflows while OVIE is setto 1 in TMG

Bit 3—Timer FH Interrupt Request Flag (IRRTFH)

Bit 3

IRRTFH Description

0 Clearing conditions: (initial value)
When IRRTFH =1, itis cleared by writing O

1 Setting conditions:

When TCFH and OCRFH match in 8-bit timer mode, or when TCF (TCFL, TCFH)
and OCRF (OCRFL, OCRFH) match in 16-bit timer mode
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Bit 2—Timer FL Interrupt Request Flag (IRRTFL)

Bit 2

IRRTFL Description

0 Clearing conditions: (initial value)
When IRRTFL =1, it is cleared by writing 0

1 Setting conditions:

When TCFL and OCRFL match in 8-bit timer mode

Bit 1—Timer C Interrupt Request Flag (IRRTC)

Bit 1

IRRTC Description

0 Clearing conditions: (initial value)
When IRRTC = 1, itis cleared by writing 0

1 Setting conditions:

When the timer C counter value overflows or underflows

Bit 0—Asynchronous Event Counter Interrupt Request Flag (IRREC)

Bit 0

IRREC Description

0 Clearing conditions: (initial value)
When IRREC =1, itis cleared by writing O

1 Setting conditions:

When ECH overflows in 16-bit counter mode, or ECH or ECL overflows in 8-bit
counter mode
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Wakeup Interrupt Request Register (IWPR)

Bit 7 6 5 4 3 2 1 0
‘ IWPF7 ‘ IWPFG‘ IWPF5 ‘ IWPF4 ‘ IWPF3 ‘ IWPF2 ‘ IWPF1 ‘ IWPFO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write RI(W)*  RI(MW* R/(W)* R/(W)* R/W* R(W* RI(W* R/(W)*
Note: * Only a write of O for flag clearing is possible

IWPR is an 8-bit read/write register containing wakeup interrupt request flags. When one of pins
WKP; to WKP, is designated for wakeup input and arising or falling edge is input at that pin, the
corresponding flag in IWPR isset to 1. A flag is not cleared automatically when the
corresponding interrupt is accepted. Flags must be cleared by writing O.

Bits 7 to 0—Wakeup Interrupt Request Flags (IWPF7 to IWPFOQ)

Bit n

IWPFn Description

0 Clearing conditions: (initial value)
When IWPFn= 1, itis cleared by writing O

1 Setting conditions:
When pin WKP,, is designated for wakeup input and a rising or falling edge is input at
that pin

(n=7t00)
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Wakeup Edge Select Register (WEGR)

Bit 7 6 5 4 3 2 1 0
‘WKEGS?‘WKEGSG‘WKEGSS‘WKEGS4‘WKEGSS‘WKEGSZ‘WKEGS1‘WKEGSO‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

WEGR is an 8-hit read/write register that specifiesrising or falling edge sensing for pins WKPn.
WEGR isinitialized to H'00 by areset.
Bit n—WKPn Edge Select (WKEGSN)

Bit n selects WKPn pin input sensing.

Bit n
WKEGSNh Description
0 WKPn pin falling edge detected (initial value)
1 WKPn pin rising edge detected
(n=71t00)

333 External Interrupts
There are 13 external interrupts: WKP7 to WKPO, IRQ4, IRQ3, IRQ1, IRQO, and IRQAEC.

InterruptsWKP; to WK Py

Interrupts WKP7 to WKPO are requested by either rising or falling edge input to pins WKP; to
WKP,. When these pins are designated as pins WKP; to WKP, in port mode register 5 and a
rising or falling edge is input, the corresponding bit in IWPR isset to 1, requesting an interrupt.
Recognition of wakeup interrupt requests can be disabled by clearing the IENWP bitto O in
IENRL. Theseinterrupts can all be masked by setting the | bit to 1in CCR.

When WKP7 to WKPO interrupt exception handling isinitiated, the | bitissetto 1in CCR.
Vector number 9 is assigned to interrupts WKP7 to WKPO. All eight interrupt sources have the
same vector number, so the interrupt-handling routine must discriminate the interrupt source.
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InterruptsIRQq, IRQs, IRQ; and IRQ,

Interrupts IRQ4, IRQ3, IRQ1, and IRQO are requested by input signals to pins IRQy, IRQs, IRQ;,
and TIRQ,. These interrupts are detected by either rising edge sensing or falling edge sensing,
depending on the settings of bits IEG4, IEG3, IEG1, and IEGO in IEGR.

When these pins are designated as pins IRQ,, IRQs, IRQ;, and IRQ, in port mode register B, 2,
and 1 and the designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an
interrupt. Recognition of these interrupt requests can be disabled individually by clearing bits
IEN4, IEN3, IEN1, and IENO to 0 in IENR1. These interrupts can all be masked by setting the |
bitto1in CCR.

When IRQ4, IRQ3, IRQ1, and IRQO interrupt exception handling isinitiated, the | bitissetto 1in
CCR. Vector numbers 8, 7, 5, and 4 are assigned to interrupts IRQ4, IRQ3, IRQ1, and IRQO. The
order of priority isfrom IRQO (high) to IRQ4 (low). Table 3.2 gives details.

IRQAEC Interrupt

The IRQAEC interrupt is requested by an input signal to pin IRQAEC and IECPWM (output of
PWM for AEC). When the IRQAEC input pin is to be used as an external interrupt, set ECPWME
in AEGSR to 0. Thisinterrupt is detected by rising edge, falling edge, or both edge sensing,
depending on the settings of bits AIEGS1 and AIEGS0 in AEGSR.

When bit IENEC2 in IENR1 is 1 and the designated edge is input, the corresponding bit in IRRL is
set to 1, requesting an interrupt.

When IRQAEC interrupt exception handling is initiated, the | bitisset to 1 in CCR. Vector
number 6 is assigned to the IRQAEC interrupt exception handling. Table 3.2 gives details.

334 Internal Interrupts

There are 9 internal interrupts that can be requested by the on-chip peripheral modules. When a
peripheral module requests an interrupt, the corresponding bit in IRR1 or IRR2 is set to 1.
Recognition of individual interrupt requests can be disabled by clearing the corresponding bit in
IENR1 or IENR2. All these interrupts can be masked by setting the | bit to 1 in CCR. When
internal interrupt handling isinitiated, the| bit is set to 1 in CCR. Vector numbers from 20 to 18
and 16 to 11 are assigned to these interrupts. Table 3.2 shows the order of priority of interrupts
from on-chip peripheral modules.
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335 Interrupt Operations

Interrupts are controlled by an interrupt controller. Figure 3.2 shows a block diagram of the
interrupt controller. Figure 3.3 shows the flow up to interrupt acceptance.

' Interrupt controller

External or
internal
interrupts

iD_» Interrupt
' request

s
L

Priority decision logic

External
interrupts or

(I
O

internal Di
——

interrupt
enable
signals

| | cCR(CPU)

Figure 3.2 Block Diagram of Interrupt Controller
Interrupt operation is described as follows.

*  When an interrupt condition is met while the interrupt enable register bit isset to 1, an
interrupt request signal is sent to the interrupt controller.

* When the interrupt controller receives an interrupt request, it sets the interrupt request flag.

» From among the interrupts with interrupt request flags set to 1, the interrupt controller selects
the interrupt request with the highest priority and holds the others pending. (Refer to table 3.2
for alist of interrupt priorities.)

« Theinterrupt controller checksthel bit of CCR. If thel bit is 0, the selected interrupt request
is accepted; if the bit is 1, theinterrupt request is held pending.
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» If theinterrupt request is accepted, after processing of the current instruction is completed,
both PC and CCR are pushed onto the stack. The state of the stack at thistime is shown in
figure 3.4. The PC value pushed onto the stack is the address of the first instruction to be
executed upon return from interrupt handling.

e Thel bit of CCRis set to 1, masking further interrupts.

» The vector address corresponding to the accepted interrupt is generated, and the interrupt
handling routine located at the address indicated by the contents of the vector addressis
executed.

Notes: 1. When disabling interrupts by clearing bits in an interrupt enable register, or when
clearing bitsin an interrupt request register, always do so while interrupts are masked
(1=1).
2. |If the above clear operations are performed while | = 0, and as aresult a conflict arises
between the clear instruction and an interrupt request, exception processing for the
interrupt will be executed after the clear instruction has been executed.
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'

| Program execution state |

No

Yes

| PC contents saved |
\

| CCR contents saved |
\

| 1 |

Branch to interrupt
handling routine

[Legend]

PC: Program counter

CCR: Condition code register
I: | bit of CCR

Figure3.3 Flow up to Interrupt Acceptance
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/_\/ /_\/
SP -4 SP (R7) — CCR
SP -3 SP +1 CCR*
SP-2 SP+2 PChq
SP -1 SP+3 PCL.
SP (R7) —= SP +4 Even address
Stack area
T~ T~

Prior to start of interrupt —————— After completion of interrupt

exception handling PC and CCR exception handling
saved to stack

[Legend]

PCy:  Upper 8 bits of program counter (PC)
PC.: Lower 8 bits of program counter (PC)
CCR: Condition code register

SP: Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon
return from the interrupt handling routine.
2. Register contents must always be saved and restored by word access,
starting from an even-numbered address.
* Ignored on return.

Figure3.4 Stack State after Completion of Interrupt Exception Handling

Figure 3.5 shows atypical interrupt sequence.
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Figure3.5 Interrupt Sequence
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3.3.6 Interrupt Response Time

Table 3.4 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handler is executed.

Table3.4 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction® 1to 13 15to 27
Saving of PC and CCR to stack 4

Vector fetch

2
Instruction fetch 4
Internal processing 4

Note: * Not including EEPMOV instruction.
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34 Application Notes

341 Noteson Stack Area Use

When word datais accessed in the LS, the least significant bit of the addressisregarded as 0.
Access to the stack always takes place in word size, so the stack pointer (SP: R7) should never
indicate an odd address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W @SP+, Rn) to
save or restore register values.

Setting an odd address in SP may cause a program to crash. An example is shown in figure 3.6.

| PCh | SP— R1L H'FEFC
SP— PCL PCL H'FEFD
el ] ] | nEFF
BSR instruction MOV. B R1L, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PC are lost
[Legend]

PCy: Upper byte of program counter
PC_: Lower byte of program counter
R1L: General register R1L

SP: Stack pointer

Figure3.6 Operation when Odd Addressis Set in SP

When CCR contents are saved to the stack during interrupt exception handling or restored when
RTE is executed, this also takes place in word size. Both the upper and lower bytes of word data
are saved to the stack; on return, the even address contents are restored to CCR while the odd
address contents are ignored.
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34.2 Notes on Rewriting Port Mode Registers

When aport mode register is rewritten to switch the functions of external interrupt pins and when
the value of ECPWME in AEGSR is rewritten to switch between selection/non-selection of
IRQAEC, the following points should be observed.

When an external interrupt pin function is switched by rewriting the port mode register that

the time the pin function is switched, even if no valid interrupt isinput at the pin. Be sureto clear
the interrupt request flag to O after switching pin functions. When the value of ECPWME in
AEGSR that sets selection/non-selection of IRQAEC is rewritten, the interrupt request flag may
be set to 1, even if avalid edge has not arrived on the selected IRQAEC or IECPWM (PWM
output for AEC). Therefore, be sure to clear the interrupt request flag to 0 after switching the pin
function. Table 3.5 shows the conditions under which interrupt request flags are set to 1 in this
way.

Table3.5 Conditionsunder which Interrupt Request Flagis Set to 1

Interrupt Request
Flags Setto 1 Conditions

IRR1 IRRI4 When PMR1 bit IRQ4 is changed from 0 to 1 while pin IRQq is low and IEGR bit
IEG4 = 0.

When PMRL1 bit IRQ4 is changed from 1 to 0 while pin IRQ, is low and IEGR bit
IEG4 = 1.

IRRI3 When PMR1 bit IRQ3 is changed from 0 to 1 while pin IRQ;3 is low and IEGR bit
IEG3 =0.

When PMRL1 bit IRQ3 is changed from 1 to 0 while pin IRQ;s is low and IEGR bit
IEG3=1.

IRREC2 When an edge as designated by AIEGS1 and AIEGSO in AEGSR is detected
because the values on the IRQAEC pin and of IECPWM at switching are different
(e.g., when the rising edge has been selected and ECPWME in AEGSR is changed
from 1 to O while pin IRQAEC is low and IECPWM = 1).

IRRI1 When PMRB bit IRQ1 is changed from 0 to 1 while pin IRQ; is low and IEGR bit
IEG1 =0.

When PMRB bit IRQ1 is changed from 1 to 0 while pin IRQ; is low and IEGR bit
IEG1 =1.

IRRIO When PMR2 bit IRQO is changed from 0 to 1 while pin IRQq is low and IEGR bit
IEGO = 0.

When PMR2 bit IRQO is changed from 1 to 0 while pin IRQ is low and IEGR bit
IEGO = 1.
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Interrupt Request
Flags Setto 1 Conditions

IWPR IWPF7 When PMRS5 bit WKP7 is changed from 0 to 1 while pin WKP- is low and WEGR bit
WKEGS7 = 0.

When PMRS5 bit WKP7 is changed from 1 to 0 while pin WKP7 is low and WEGR bit
WKEGS7 = 1.

IWPF6 When PMR5 bit WKP6 is changed from 0 to 1 while pin WKPs is low and WEGR bit
WKEGSS6 = 0.

When PMR5 bit WKP6 is changed from 1 to 0 while pin WKPs is low and WEGR bit
WKEGS6 = 1.

IWPF5 When PMRS5 bit WKP5 is changed from 0 to 1 while pin WKPs is low and WEGR bit
WKEGSS5 = 0.

When PMR5 bit WKP5 is changed from 1 to 0 while pin WKPs is low and WEGR bit
WKEGS5 = 1.

IWPF4 When PMRS5 bit WKP4 is changed from 0 to 1 while pin WKP, is low and WEGR bit
WKEGS4 = 0.

When PMRS5 bit WKP4 is changed from 1 to O while pin WKP, is low and WEGR bit
WKEGS4 = 1.

IWPF3 When PMR5 bit WKP3 is changed from 0 to 1 while pin WKP; is low and WEGR bit
WKEGS3 = 0.

When PMRS5 bit WKP3 is changed from 1 to O while pin WKP; is low and WEGR bit
WKEGS3 = 1.

IWPF2 When PMR5 bit WKP2 is changed from 0 to 1 while pin WKP, is low and WEGR bit
WKEGS2 = 0.

When PMR5 bit WKP2 is changed from 1 to 0 while pin WKP; is low and WEGR bit
WKEGS2 = 1.

IWPF1 When PMRS5 bit WKP1 is changed from 0 to 1 while pin WKP; is low and WEGR bit
WKEGS1 = 0.

When PMR5 bit WKP1 is changed from 1 to 0 while pin WKP; is low and WEGR bit
WKEGS1 = 1.

IWPFO When PMRS5 bit WKPO is changed from 0 to 1 while pin WKPy is low and WEGR bit
WKEGSO = 0.

When PMR5 bit WKPO is changed from 1 to 0 while pin WKP, is low and WEGR bit
WKEGSO0 = 1.

Figure 3.7 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag.

When switching a pin function, mask the interrupt before setting the bit in the port mode register
(or AEGSR). After accessing the port mode register (or AEGSR), execute at least one instruction
(e.g., NOP), then clear the interrupt request flag from 1 to 0. If the instruction to clear theflagis
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executed immediately after the port mode register (or AEGSR) access without executing an
intervening instruction, the flag will not be cleared.

An alternative method is to avoid the setting of interrupt request flags when pin functions are
switched by keeping the pins at the high level so that the conditionsin table 3.5 do not occur.

However, the procedure in Figure 3.7 is recommended because IECPWM is an internal signal and
determining its value is complicated.

Interrupts masked. (Another possibility
| CCR I bit«1 | —————————— is to disable the relevant interrupt in
; interrupt enable register 1.)

|Set port mode register (or AEGSR) bit|

‘ After setting the port mode register
(or AEGSR) bit, first execute at least
one instruction (e.g., NOP), then clear
‘ the interrupt request flag to 0

| Clear interrupt request flag to 0 |

| Execute NOP instruction | ————————

| CCR I bit«<0 | ffffffffff Interrupt mask cleared

Figure3.7 Port Mode Register (or AEGSR) Setting and I nterrupt Request Flag
Clearing Procedure

34.3 Method for Clearing Interrupt Request Flags

Use the recommended method, given below when clearing the flags of interrupt request registers
(IRR1, IRR2, IWPR).

* Recommended method

Use asingleinstruction to clear flags. The bit control instruction and byte-size data transfer
instruction can be used. Two examples of program code for clearing IRRI1 (bit 1 of IRR1) are
given below.

BCLR #1, @RR1:8

MOV.B R1L, @RR1:8 (set the value of RIL to B'11111101)
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Example of a malfunction

When flags are cleared with multiple instructions, other flags might be cleared during
execution of the instructions, even though they are currently set, and this will cause a
malfunction.

Here isan example in which IRRIO is cleared and disabled in the process of clearing IRRI1
(bit 1 of IRR1).

MV.B @RR1: 8, RIL ......... IRRIO = 0 at this tine
AND. B #B' 11111101, R1L ... .. Here, IRRIO =1
MOV.B RIL, @RR1:8 ......... IRRIO is cleared to O

In the above example, it is assumed that an IRQO interrupt is generated while the AND.B
instruction is executing.

The IRQO interrupt is disabled because, although the original objectiveis clearing IRRI1,
IRRIO isalso cleared.
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Section4 Clock Pulse Generators

41 Overview

Clock oscillator circuitry (CPG: clock pulse generator) is provided on-chip, including both a
system clock pulse generator and a subclock pulse generator. The system clock pulse generator
consists of a system clock oscillator and system clock dividers. The subclock pulse generator
consists of a subclock oscillator circuit and a subclock divider.

In the H8/38124 Group, the system clock pulse generator includes an on-chip oscillator.

411 Block Diagram

Figure 4.1 shows a block diagram of the clock pulse generators of the H8/38024, H8/38024S, and
H8/38024R Group. Figure 4.2 shows a block diagram of the clock pulse generators of the
H8/38124 Group.

! 0 bosc/2 w
0SC ™| System clock %€ | system clock t dosc/128 o
OSsz oscillator (fosc) divider (1/2) System | Posc/64 s
‘ d(':k')de Posc/32,| | Prescaler S |, ;bo
i ivider dosc/16_| ! (13 bits) v /8192
,_Systemclock pulse generator = l——7-—1 L
: WP T > 0w
X1 Subclock |¢w] | Subclock |y 4 |
X0 ilat . divider /B -— = dsu
2= oscillator (fw) (172, 1/4, 1/8) w ‘ b2
| - dw
| ‘ = Oy /4
: | e /8
| Subclock pulse generator ! Pre(gct?iltz; W1l to
””””””””””””””””””””””””””””””””” ‘ ™ dw/128

Figure4.1(1) Block Diagram of Clock Pulse Generators
(H8/38024 Group, H8/38024S Group, H8/38024R Group)
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1 Internal reset signal (other than watchdog timer or low-voltage detect !
1 circuit reset)

! c :
N s Q I
IRQAEC —|—>: Latch :
E osc/2 E
oscy : System
clock

0SC2 <—— oscillator

System !
clock L '
divider System | osc/16 . ¢
(1/2) clock | dosc/32
divider | dosc/64 ! Prescaler S [ 9/2
dosc/128 ' 1o

On-chip ' (13bits) | > 48192
| oscillator E
E System clock pulse generator _E
E : dw
w2 :
X1 —> Subclock ow Subclock | w4 : pove
Xg ~—— oscillator (fw) divider w8 !
i (1/2, 174, 1/8) !
. : ow/2
| T dw/4
E i |Prescalerw [ ;1)(\)/\//8
' Subclock pulse generator : (5 bits) [~ pw/128

Figure4.2 Block Diagram of Clock Pulse Generators (H8/38124 Group)

412 System Clock and Subclock

The basic clock signals that drive the CPU and on-chip peripheral modules are @ and @sys. Four
of the clock signals have names: @isthe system clock, @z is the subclock, @osc is the oscillator
clock, and @, is the watch clock.

The clock signals available for use by peripheral modules are ¢/2, ¢/4, ¢/8, @/16, ¢/32, (/64,
@128, /256, @512, /1024, /2048, @/4096, (¢/8192, @y, Gn/2, P!, @u/8, @16, Pu/32, Pn/64,
and @y/128. The clock requirements differ from one module to another.
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413 Register Descriptions

Table 4.1 lists the registersthat control the clock pulse generators. The registerslisted in table 4.1
are only implemented in the H8/38124 Group.

Table4.1 Clock Pulse Generator Control Registers

Name Abbreviation R/W Initial Value Address
Clock pulse generator control OSCCR R/W — H'FFF5
register

Clock Pulse Generator Control Register (OSCCR)

Bit 7 6 5 4 3 2 1 0
‘SUBSTP‘ — ] — ‘ — \ — ’IRQAECF‘ OSCF \ — ]

Initial value 0 0 0 0 0 — — 0

Read/Write R/W R R/W R/W R/W R R R/W

OSCCR is an 8-hit read/write register that contains the flag indicating the selection of system
clock oscillator or on-chip oscillator, indicates the input level of the IRQAEC pin during resets,
and controls whether the subclock oscillator operates or not.

Bit 7—Subclock Oscillator Stop Control (SUBSTP)

Bit 7 controls whether the subclock oscillator operates or not. It can be set to 1 only in the active
mode (high-speed/medium-speed). Setting bit 7 to 1 in the subactive mode will causethe LS to
stop operating.

Bit 7

SUBSTP Description

0 Subclock oscillator operates (initial value)
1 Subclock oscillator stopped

Bit 6—Reserved

Thishit isreserved. It isalways read as 0 and cannot be written to.
Bits5to 3—Reserved

These bits are read/write enabled reserved bits.
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Bit 2—IRQAEC Flag (IRQAECF)

Thisbit indicates the IRQAEC pin input level set during resets.

Bit 2

IRQAECF  Description

0 IRQAEC pin set to GND during resets
1 IRQAEC pin set to Ve during resets

Bit 1—OSC Flag (OSCF)

Thisbit indicates the oscillator operating with the system clock pulse generator.

Bit 1

OSCF Description

0 System clock oscillator operating (on-chip oscillator stopped)
1 On-chip oscillator operating (system clock oscillator stopped)
Bit 0—Reserved

This bit isreserved. Never write 1 to this bit, asit can causethe LSl to malfunction.

4.2 System Clock Generator

Clock pulses can be supplied to the system clock divider either by connecting a crystal or ceramic
oscillator, or by providing external clock input. As shown in figure 4.2, the H8/38124 Group
supports selection between a system clock oscillator and an on-chip oscillator. See section 4.2,
On-Chip Oscillator Selection Method, for information on selecting the on-chip oscillator.

Connecting a Crystal Oscillator

Figure 4.3(1) shows atypical method of connecting a crystal oscillator to the H8/38024 or
H8/38024R Group, and figure 4.3(2) shows a typical method of connecting a crystal oscillator to
the H8/38024S and H8/38124 Group.
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R¢ = 1 MQ +20%

Cq
OsC
1 = C1, G,
Ry [ Frequency | Crystal Recommendation
oscillator value
0SC, ;_77‘7
&)

4.19 MHz NDK 12 pF +20%

Note: Circuit constants should be determined in
consultation with the resonator manufacturer.

Figure4.3(1) Typical Connection to Crystal Oscillator
(H8/38024, H8/38024R Group)

Cq
0SC R¢ =1 MQ £20%
i Z t
f Co Cy,C
0scC Crystal Products b2
2 |;|r Frequency oscillator name Recorr:lrgﬁr;datlon
4.0 MHz NDK NR-18 12 pF +20%

Note: Circuit constants should be determined in consultation
with the resonator manufacturer.

Figure4.3(2) Typical Connection to Crystal Oscillator
(H8/38024S, H8/38124 Group)

Figure 4.3 shows the equivalent circuit of acrystal oscillator. An oscillator having the
characteristics given in table 4.2 should be used.

OSCy =—9 ¢+ 0SC;

Figure4.4 Equivalent Circuit of Crystal Oscillator
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Tabled4.2 Crystal Ocillator Parameters

Frequency (MHz) 4 4,193
RS max (Q) 100 100
Co max (pF) 16 16

Connecting a Ceramic Oscillator

Figure 4.5(1) shows atypical method of connecting a ceramic oscillator to the H8/38024 or
H8/38024R Group, and figure 4.5(2) shows a typical method of connecting a crystal oscillator to
the H8/38024S and H8/38124 Group.

R = 1 MQ +20%
0SCj

Cq
r — T oo
Ry [ Frequency | ~°r@MC | Recommendation
0SC, oscillator value
&

4.0 MHz Murata 30 pF £10%

Figure4.5(1) Typica Connection to Ceramic Oscillator
(H8/38024, H8/38024R Group)

C4
0sc; T |} ul Rf=1MQ +20%
Ry D C . C1,Co
% T, 2, Frequency Cer_amlc Products name Recommendation

0SC, 1 | ’Jr oscillator value
Ceramic oscillator 2.0 MHz Murata CSTCC2M00G53-B0 | 15 pF +20%
CSTCC2M00G56-B0 | 47 pF +20%
10.0 MHz CSTLS10M0G53-B0 | 15 pF +20%
CSTLS10M0G56-B0 | 47 pF +20%
16.0 MHz™" CSTLS16M0X53-B0 15 pF £20%
20.0 MHZz*2 CSTLS20M0X53-B0 15 pF +20%

Notes: Circuit constants should be determined in consultation
with the resonator manufacturer.
1. This does not apply to the H8/38024S Group.
2. H8/38124 Group only

Figure4.5(2) Typical Connection to Ceramic Oscillator
(H8/38024S, H8/38124 Group)
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Noteson Board Design

When generating clock pulses by connecting a crystal or ceramic oscillator, pay careful attention
to the following points.

Avoid running signal lines closeto the oscillator circuit, since the oscillator may be adversely
affected by induction currents. (Seefigure 4.6.)

The board should be designed so that the oscillator and load capacitors are located as close as
possibleto pins OSC; and OSC,.

Signal A Signal B

To be avoided X X

0OSC+

0SC»

Figure4.6 Board Design of Oscillator Circuit

Note: The circuit parameters above are recommended by the crystal or ceramic oscillator
manufacturer.
The circuit parameters are affected by the crystal or ceramic oscillator and floating
capacitance when designing the board. When using the oscillator, consult with the crystal
or ceramic oscillator manufacturer to determine the circuit parameters.
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External Clock Input Method

Connect an external clock signal to pin OSC;, and leave pin OSC, open. Figure 4.7 shows a
typical connection.

osCy ——— External clock input

0OSCy; |—— — Open

Figure4.7 External Clock Input (Example)

Frequency Oscillator Clock (@osc)

Duty cycle 45% to 55%

On-Chip Oscillator Selection Method (H8/38124 Group Only)

The on-chip oscillator is selected by setting the IRQAEC pin input level during resets.* Table 4.3
lists the methods for selecting the system clock oscillator and the on-chip oscillator. The IRQAEC
pininput level set during resets must be fixed at V¢ or GND, based on the oscillator to be
selected. It is not necessary to connect an oscillator to pins OSC1 and OSC2 if the on-chip
oscillator is selected. In this case, pin OSC1 should be fixed at V¢ or GND.

Note: The system clock oscillator must be selected in order to program or erase flash memory as
part of operations such as on-board programming. Also, when using the on-chip emulator,
an oscillator should be connected, or an external clock input, even if the on-chip oscillator
is selected.

*  Other than watchdog timer or low-voltage detect circuit reset.

Table4.3 System Clock Oscillator and On-Chip Oscillator Selection M ethods

IRQAEC pin input level (during resets) 0 1
System clock oscillator Enabled Disabled
On-chip oscillator Disabled Enabled
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4.3 Subclock Gener ator
Connecting a 32.768 kHz/38.4 kHz Crystal Oscillator

Clock pulses can be supplied to the subclock divider by connecting a 32.768 kHz/38.4 kHz crystal
oscillator, as shown in figure 4.8. Follow the same precautions as noted under 3. notes on board
design for the system clock in section 4.2.

Note that only operation at 32.768 kHz is guaranteed on the H8/38124 Group.

Cq
X1 ——p— ,_W|7 C1=C2 =15pF (typ.)
- Frequency | Crystal oscillator Products Name
X2 % }—77|7 38.4 kHz Seiko Instruments Inc. | VTC-200
C2

32.768 kHz | Nihon Denpa Kogyo | MX73P

Figure4.8 Typical Connection to 32.768 kHz/38.4 kHz Crystal Oscillator (Subclock)

Figure 4.9 shows the equivalent circuit of the 32.768 kHz/38.4 kHz crystal oscillator.

700 |}
Ls Rs

Xi =t = X

Co Co =1.5pF typ
Rs =14 kQ typ
fw = 32.768 kHz/38.4 kHz

Figure4.9 Equivalent Circuit of 32.768 kHz/38.4 kHz Crystal Oscillator

Pin Connection when Not Using Subclock

When the subclock is not used, connect pin X; to GND and leave pin X, open, as shown in figure
4.10.
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X
1 7J7' GND

Xo ———— Open

Figure4.10 Pin Connection when not Using Subclock
External Clock Input
Connect the external clock to the X1 pin and leave the X2 pin open, as shown in figure 4.11.

Note that no external clock should be input to the H8/38124 Group.

X4 External clock input

Xo —————— Open

Figure4.11 Pin Connection when I nputting External Clock

Frequency Subclock (gw)

Duty 45% to 55%

Method for Disabling Subclock Oscillator (H8/38124 Group Only)

The subclock oscillator can be disabled by programs by setting the SUBSTP bit in the OSCCR
register to 1. The register setting to disable the subclock oscillator should be made in the active
mode. When restoring operation of the subclock oscillator after it has been disabled using the
OSCCR register, it is necessary to wait for the oscillation stabilization time (typ: 8s) to elapse
before using the subclock.
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4.4 Prescalers

The H8/38024 Group is equipped with two on-chip prescalers having different input clocks
(prescaler Sand prescaler W). Prescaler Sisa 13-bit counter using the system clock (@) asits
input clock. Its prescaled outputs provide internal clock signals for on-chip peripheral modules.
Prescaler W is a 5-bit counter using a 32.768 kHz or 38.4 kHz signal divided by 4 (@u/4) asits
input clock. Its prescaled outputs are used by timer A as atime base for timekeeping.

Prescaler S (PSS)

Prescaler Sis a 13-bit counter using the system clock (@) asitsinput clock. It isincremented once
per clock period.

Prescaler Sisinitialized to H'0000 by areset, and starts counting on exit from the reset state.

In standby mode, watch mode, subactive mode, and subsleep mode, the system clock pulse
generator stops. Prescaler S also stops and is initialized to H'0000.

The CPU cannot read or write prescaler S.

The output from prescaler Sis shared by timer A, timer C, timer F, timer G, SCI3, the A/D
converter, the LCD controller, watchdog timer, and the 10-bit PWM. The divider ratio can be set
separately for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler Sis @osc/16, gosc/32, gposc/64, or
(posc/128.

Prescaler W (PSW)

Prescaler W is a 5-bit counter using a 32.768 kHz/38.4 kHz signal divided by 4 (@/4) asitsinput
clock.

Prescaler W isinitialized to H'00 by areset, and starts counting on exit from the reset state.

Even in standby mode, watch mode, subactive mode, or subsleep mode, prescaler W continues
functioning so long as clock signals are supplied to pins X1 and X2.

Prescaler W can be reset by setting 1sin bits TMA3 and TMAZ2 of timer mode register A (TMA).

Output from prescaler W can be used to drive timer A, in which casetimer A functionsasatime
base for timekeeping.
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45 Note on Oscillators

Oscillator characteristics are closely related to board design and should be carefully evaluated by
the user in mask ROM and ZTAT versions, referring to the examples shown in this section.
Oscillator circuit constants will differ depending on the oscillator element, stray capacitancein its
interconnecting circuit, and other factors. Suitable constants should be determined in consultation
with the oscillator element manufacturer. Design the circuit so that the oscillator element never
receives voltages exceeding its maximum rating.

P17 || _—

T

W
-

0SC,

osc; [~
TEST || e S

(Vss)

Figure4.12 Example of Crystal and Ceramic Oscillator Element Arrangement

Figure 4.13 (1) shows an example measuring circuit with the negative resistance suggested by the
resonator manufacturer. Note that if the negative resistance of the circuit is less than that suggested
by the resonator manufacturer, it may be difficult to start the main oscillator.

If it isdetermined that oscillation is not occurring because the negative resistance is lower than the
level suggested by the resonator manufacturer, the circuit may be modified as shown in figure 4.13
(2) through (4). Which of the modification suggestions to use and the capacitor capacitance should
be decided based upon an evaluation of factors such as the negative resistance and the frequency
deviation.
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0OSC1

0SC2

N
N
0—@—||]|—0
L

/

AAA.

vy
P
X

Negative resistance,
addition of -R

(1) Negative Resistance Measuring Circuit

Modification
point

|
1 OSC1

§
—I—o
_53

0SC2

(3) Oscillator Circuit Modification Suggestion 2

Modification
point
|1 °
1T 0SscC1
c1 l
ol ‘T‘ FRf
I I b 0scC2
C
e

(2) Oscillator Circuit Modification Suggestion 1

Modification
point

T
[
Jy ICI2 0sC2

(4) Oscillator Circuit Modification Suggestion 3

0osc1

o—I[—o
AA
vy
A

Figure4.13 Negative Resistance M easurement and Cir cuit M odification Suggestions

451 Definition of Oscillation Stabilization Wait Time

Figure 4.14 shows the oscillation waveform (OSC2), system clock (¢), and microcomputer
operating mode when atransition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an oscillator element connected to the system clock

oscillator.

As shown in figure 4.13, as the system clock oscillator is halted in standby mode, watch mode,
and subactive mode, when atransition is made to active (high-speed/medium-speed) mode, the
sum of the following two times (oscillation stabilization time and wait time) is required.
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1. Oscillation stabilization time (t;)

The time from the point at which the system clock oscillator oscillation waveform starts to change
when an interrupt is generated, until the amplitude of the oscillation waveform increases and the
oscillation frequency stabilizes.

2. Wait time

Thetime required for the CPU and peripheral functions to begin operating after the oscillation
waveform frequency and system clock have stabilized.

The wait time setting is selected with standby timer select bits 2to 0 (STS2 to STS0) (bits6to 4 in
system control register 1 (SY SCR1)).

Oscillation
waveform
(0scC2)

System clock

4)

Oscillation | ! !
stabilization ! 1
time !
: ! Wait time i
- -

Standby mode,
Operating  watch mode, _— I o Active (high-speed) mode or
mode or subactive Oscillation stabilization wait time active (medium-speed) mode

mode

Interrupt accepted

Figure4.14 Oscillation Stabilization Wait Time

When standby mode, watch mode, or subactive mode is cleared by an interrupt or reset, and a
transition is made to active (high-speed/medium-speed) mode, the oscillation waveform begins to
change at the point at which the interrupt is accepted. Therefore, when an oscillator element is
connected in standby mode, watch mode, or subactive mode, since the system clock oscillator is
halted, the time from the point at which this oscillation waveform starts to change until the
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amplitude of the oscillation waveform increases and the oscillation frequency stabilizes—that is,
the oscillation stabilization time—is required.

The oscillation stabilization time in the case of these state transitions is the same as the oscillation
stabilization time at power-on (the time from the point at which the power supply voltage reaches
the prescribed level until the oscillation stabilizes), specified by "oscillation stabilization time ty¢"
in the AC characteristics.

Meanwhile, once the system clock has halted, await time of at least 8 statesis necessary in order
for the CPU and peripheral functions to operate normally.

Thus, the time required from interrupt generation until operation of the CPU and periphera
functionsis the sum of the above described oscillation stabilization time and wait time. Thistotal
timeis called the oscillation stabilization wait time, and is expressed by equation (1) below.

Oscillation stabilization wait time= oscillation stabilization time + wait time
=t + (810 16,384 states)™ ! ............... QD
(up to 131,072 states)*?

Notes: 1. H8/38024 Group
2. H8/38124 Group

Therefore, when atransition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an oscillator element connected to the system clock
oscillator, careful evaluation must be carried out on the installation circuit before deciding on the
oscillation stabilization wait time. In particular, since the oscillation stabilization time is affected
by installation circuit constants, stray capacitance, and so forth, suitable constants should be
determined in consultation with the oscillator element manufacturer.

452 Noteson Use of Crystal Oscillator Element (Excluding Ceramic Oscillator
Element)

When a microcomputer operates, the internal power supply potential fluctuates slightly in
synchronization with the system clock. Depending on the individual crystal oscillator element
characteristics, the oscillation waveform amplitude may not be sufficiently large immediately after
the oscillation stabilization wait time, making the oscillation waveform susceptible to influence by
fluctuations in the power supply potential. In this state, the oscillation waveform may be
disrupted, leading to an unstable system clock and erroneous operation of the microcomputer.

If erroneous operation occurs, change the setting of standby timer select bits2to 0 (STS2 to
STS0) (bits 6 to 4 in system control register 1 (SY SCR1)) to give alonger wait time.
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For example, if erroneous operation occurs with await time setting of 16 states, check the
operation with await time setting of 1,024” states or more.

If the same kind of erroneous operation occurs after areset as after a state transition, hold the RES
pin low for alonger period.

Note: * Thisfigure appliesto the H8/38024, H8/38024S, and H8/38024R Groups. The number of
states on the H8/38124 Group is 8,192 or more.

45.3 Note on Use of HD64F38024

When using the HD64F38024, the oscillators may not operate if an initial voltage of 10 mV is
applied to the V¢ pin during power-on. This problem is caused by uncertainty about the state of
the oscillation control signals. It can be corrected by cutting off power and allowing the V¢ pin
voltage to drop to ground potential before powering-on once again.

4.6 Notes on H8/38124 Group

When using the on-chip emulator, system clock precision is necessary for programming or erasing
the flash memory. However, the on-chip oscillator frequency can vary due to changesin
conditions such as voltage or temperature. Consequently, even if the on-chip oscillator is selected
when using the on-chip emulator, pins OSC1 and OSC2 should be connected to an oscillator, or an
external clock should be supplied. In this case, the LS| uses the on-chip oscillator when user
programs are being executed and the system clock oscillator when programming or erasing flash
memory. The process is controlled by the on-chip emulator.
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Section5 Power-Down Modes

51 Overview

The LSl has nine modes of operation after areset. These include eight power-down modes, in
which power dissipation is significantly reduced. Table 5.1 gives a summary of the nine operating
modes.

Table5.1 Operating Modes

Operating Mode Description

Active (high-speed) mode The CPU and all on-chip peripheral functions are operable on
the system clock in high-speed operation

Active (medium-speed) mode The CPU and all on-chip peripheral functions are operable on
the system clock in low-speed operation

Subactive mode The CPU and all on-chip peripheral functions are operable on
the subclock in low-speed operation

Sleep (high-speed) mode The CPU halts. On-chip peripheral functions are operable on
the system clock

Sleep (medium-speed) mode The CPU halts. On-chip peripheral functions operate at a
frequency of 1/128, 1/64, 1/32, or 1/16 of the system clock
frequency

Subsleep mode The CPU halts. The time-base function of timer A, timer C,

timer F, timer G, SCI3, AEC, and LCD controller/driver are
operable on the subclock

Watch mode The CPU halts. The time-base function of timer A, timer F,
timer G, AEC and LCD controller/driver are operable on the
subclock

Standby mode The CPU and all on-chip peripheral functions halt

Module standby mode Individual on-chip peripheral functions specified by software

enter standby mode and halt

Of these nine operating modes, all but the active (high-speed) mode are power-down modes. In
this section the two active modes (high-speed and medium speed) will be referred to collectively
as active mode.

Figure 5.1 shows the transitions among these operation modes. Table 5.2 indicates the internal
states in each mode.
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Program Program
Reset state execution state halt state
. SLEEP

Active E instruction™@ E Sleep E
Program (high-speed) | . | (high-speed) i
halt state mode ' o I mode |
pTTTTTTTTTmTT e Y . &S '
! x 2\ \ D\ o :
. asS| las I S ' .
' Standby W |wg \ '\(\,;) S :
| mode S3 =3\ 55 % :
: ZEANCE A, % :
| < c ) ) |
5 | \ SLEEP . :
: Active ' instruction™ Sleep :
! (medium-speed) | +3_._| (medium-speed) | |
! mode . mode .
. : L ;
1 £ o 43 H
, oSl as 1
' W= s :
| L3l 4s i
| E| pE |
: g |“2 :
E Subactive Subsleep E
' L : mode mode 1
D Power-down modes
Mode Transition Conditions (1) Mode Transition Conditions (2)
LSON MSON SSBY TMA3 DTON Interrupt Sources
*3 0 0 0 * 0 *1 Timer A, Timer F, Timer G interrupt, IRQO interrupt,
*b 0 0 * 0 WKP7 to WKPO interrupts
G 1 * 0 1 0 *2 Timer A, Timer C, Timer F, Timer G, SCI3 interrupt,
*d 0 % 1 0 0 IRQ4, IRQ3, IRQ1 and IRQO interrupts, IRQAEC,
WKP7 to WKPO interrupts, AEC
*e * * 1 1 0 )
*3 | Allinterrupts
*f 0 0 0 * 1 . .
*4 IRQ1 or IRQO interrupt, WKP7 to WKPO interrupts
*g 0 1 0 1
*h 0 1 1 1 1
* 1 * 1 1 1
*j 0 0 1 1 1
*: Don't care
Notes: 1. A transition between different modes cannot be made to occur simply because an interrupt
request is generated. Make sure that interrupts are enabled.
2. Details on the mode transition conditions are given in the explanations of each mode,

in sections 5.2 to 5.8.

Figure5.1 Mode Transition Diagram
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Table5.2 Internal Statein Each Operating M ode

Active Mode Sleep Mode
High- Medium- High- Medium- Watch Subactive Subsleep  Standby
Function Speed Speed Speed Speed Mode Mode Mode Mode
System clock oscillator Functions Functions Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions Functions Functions Functions Functions  Functions  Functions  Functions
CPU Instructions Functions Functions Halted Halted Halted Functions  Halted Halted
operations RAM Retained Retained Retained Retained Retained
Registers
1/0 ports Retained™*
External IRQo Functions Functions Functions Functions Functions  Functions  Functions  Functions
interrupts  |RQ, Retained™®
IRQAEC Retained™®
IRQ;
IRQ4
WKPq Functions Functions Functions Functions Functions Functions  Functions  Functions
WKPy
WKP,
WKP;
WKP,
WKPs
WKPg
WKP;
Peripheral Timer A Functions Functions Functions Functions Functions™ Functions™® Functions™ Retained
functions m Functions*® Functions  Functions  Functions™®
event counter
Timer C Retained Functions/  Functions/ Retained
Retained™® Retained*?
WDT Functions/  Functions/  Functions/  Functions/
Retained™™® Retained’ Retained™™® Retained*!
Timer F Functions/  Functions/ Functions/ Retained
Timer G Retained™® Retained*® Retained™®
SCI3 Reset Functions/  Functions/ Reset
Retained™® Retained™?
PWM Retained Retained Retained Retained
A/D converter Retained Retained Retained Retained
LCD Functions/  Functions/ Functions/ Retained
Retained™ Retained™* Retained™
LvVD Functions Functions Functions Functions Functions  Functions  Functions  Functions
Notes: 1. Register contents are retained, but output is high-impedance state. Port 5 of the HD64F38024 retains the previous
pin state.

2. Functions if an external clock or the @y/4 internal clock is selected; otherwise halted and retained.

3. Functions if @y/2 is selected as the internal clock; otherwise halted and retained.

4. Functions if @y, @v/2 or @y/4 is selected as the operating clock; otherwise halted and retained.

5. Functions if the timekeeping time-base function is selected.

6. External interrupt requests are ignored. Interrupt request register contents are not altered.

7. On the H8/38124 Group, operates when @ /32 is selected as the internal clock or the on-chip oscillator is selected,;
otherwise stops and stands by. On the H8/38024, H8/38024S, and H8/38024R Group, operates when @y/32 is
selected as the internal clock; otherwise stops and stands by.

8. Incrementing is possible, but interrupt generation is not.

9. Functions if @y/4 is selected as the internal clock; otherwise halted and retained.

10. On the H8/38124 Group, operates when @/32 is selected as the internal clock or the on-chip oscillator is selected,;

otherwise stops and stands by. On the H8/38024, H8/38024S, and H8/38024R Group, stops and stands by.
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11. On the H8/38124 Group, operates only when the on-chip oscillator is selected; otherwise stops and stands by. On

the H8/38024, H8/38024S, and H8/38024R Group, stops and stands by.

511 System Control Registers

The operation mode is selected using the system control registers described in table 5.3.

Table5.3 System Control Registers

Name Abbreviation R/W Initial Value Address
System control register 1 SYSCR1 R/W H'07 H'FFFO
System control register 2 SYSCR2 R/W H'FO H'FFF1
System Control Register 1 (SYSCR1)
Bit 7 6 5 4 3 2 1 0
| SSBY | STS2 | STS1 | STSO | LSON | — | MA1 | MAO |
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — R/W R/W
SY SCRL1 is an 8-hit read/write register for control of the power-down modes.
Upon reset, SYSCR1 isinitialized to H'07.
Bit 7—Softwar e Standby (SSBY)
This bit designates transition to standby mode or watch mode.
Bit 7
SSBY Description
0 * When a SLEEP instruction is executed in active mode, (initial value)
a transition is made to sleep mode
« When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode
1 « When a SLEEP instruction is executed in active mode, a transition is made to

standby mode or watch mode

« When a SLEEP instruction is executed in subactive mode, a transition is made to

watch mode
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Bits 6 to 4—Standby Timer Select 2to 0 (STS2 to STS0)

These bhits designate the time the CPU and peripheral modules wait for stable clock operation after
exiting from standby mode or watch mode to active mode due to an interrupt. The designation
should be made according to the operating frequency so that the waiting time is at least equal to
the oscillation stabilization time. Note that stabilization times for the H8/38024, H8/38024S, and
H8/38024R Group and for the H8/38124 Group are different.

+ H8/38024, H8/38024S, H8/38024R Group

Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

0 0 0 Wait time = 8,192 states (initial value)
0 0 1 Wait time = 16,384 states

0 1 0 Wait time = 1,024 states

0 1 1 Wait time = 2,048 states

1 0 0 Wait time = 4,096 states

1 0 1 Wait time = 2 states (External clock input mode)
1 1 0 Wait time = 8 states

1 1 1 Wait time = 16 states

» H8/38124 Group

Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

0 0 0 Wait time = 8,192 states (initial value)
0 0 1 Wait time = 16,384 states

0 1 0 Wait time = 32,768 states

0 1 1 Wait time = 65,536 states

1 0 0 Wait time = 131,072 states

1 0 1 Wait time = 2 states (External clock input mode)
1 1 0 Wait time = 8 states

1 1 1 Wait time = 16 states

Note: If an external clock is being input, set standby timer select to external clock mode before
mode transition. Also, do not set standby timer select to external clock mode if no external
clock is used. 8,192 states (STS2 = STS1 = STSO = 0) is recommended if the on-chip
oscillator is used on the H8/38124 Group.
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Bit 3—L ow Speed on Flag (L SON)

This bit chooses the system clock (¢) or subclock (@syg) asthe CPU operating clock when watch
modeis cleared. The resulting operation mode depends on the combination of other control bits
and interrupt input.

Bit 3

LSON Description

0 The CPU operates on the system clock (¢) (initial value)
1 The CPU operates on the subclock (@sus)

Bit 2—Reserved

Bit 2 isreserved: it is always read as 1 and cannot be modified.
Bits1 and 0—Active (M edium-Speed) M ode Clock Sdect (MA1, MAO)

Bits 1 and 0 choose (he/128, @he/64, (s 32, OF s/ 16 as the operating clock in active (medium-
speed) mode and sleep (medium-speed) mode. MA1 and MAO should be written in active (high-
speed) mode or subactive mode.

Bit 1 Bit 0

MA1 MAO Description

0 0 (Posc/16

0 1 Qosc/32

1 0 Qosc/64

1 1 (Posc/128 (initial value)

System Control Register 2 (SYSCR?2)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SA1 ‘ SAO0 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

SY SCR2 is an 8-bit read/write register for power-down mode control.
Bits 7 to 5—Reserved

These bits are reserved; they are always read as 1, and cannot be modified.
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Bit 4—Noise Elimination Sampling Frequency Select (NESEL)

This bit selects the frequency at which the watch clock signal (qn) generated by the subclock
pulse generator is sampled, in relation to the oscillator clock (@osc) generated by the system clock
pulse generator. When @osc = 2t0 20 MHz, clear NESEL to 0.

Bit 4

NESEL Description

0 Sampling rate is @osc/16

1 Sampling rate is @osc/4 (initial value)

Bit 3—Direct Transfer on Flag (DTON)

This bit designates whether or not to make direct transitions among active (high-speed), active
(medium-speed) and subactive mode when a SLEEP instruction is executed. The mode to which
the transition is made after the SLEEP instruction is executed depends on a combination of other
control bits.

Bit 3
DTON Description
0 * When a SLEEP instruction is executed in active mode, (initial value)
a transition is made to standby mode, watch mode, or sleep mode
e When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode or subsleep mode
1 e When a SLEEP instruction is executed in active (high-speed) mode, a direct

transition is made to active (medium-speed) mode if SSBY = 0, MSON =1, and
LSON = 0, or to subactive mode if SSBY =1, TMA3=1,and LSON =1

* When a SLEEP instruction is executed in active (medium-speed) mode, a direct
transition is made to active (high-speed) mode if SSBY = 0, MSON = 0, and
LSON = 0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

* When a SLEEP instruction is executed in subactive mode, a direct transition is
made to active (high-speed) mode if SSBY =1, TMA3 =1, LSON =0, and MSON
=0, orto active (medium-speed) mode if SSBY =1, TMA3 =1, LSON =0, and
MSON =1

Bit 2—Medium Speed on Flag (M SON)

After standby, watch, or sleep mode is cleared, this bit selects active (high-speed) or active
(medium-speed) mode.
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Bit 2

MSON Description

0 Operation in active (high-speed) mode (initial value)
1 Operation in active (medium-speed) mode

Bits 1 and 0—Subactive M ode Clock Select (SA1, SA0)

These bits select the CPU clock rate (on/2, @u/4, or @u/8) in subactive mode. SA1 and SAO
cannot be modified in subactive mode.

Bit 1 Bit 0

SAl SAO0 Description

0 0 ow/8 (initial value)
0 1 o

1 * ow/2

*: Don't care

52 Sleep Mode

521 Transition to Sleep M ode

1. Transition to sleep (high-speed) mode
The system goes from active mode to sleep (high-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON and DTON
bitsin SY SCR2 are cleared to 0. In sleep mode CPU operation is halted but the on-chip
peripheral functions. CPU register contents are retained.

2. Transition to sleep (medium-speed) mode
The system goes from active mode to sleep (medium-speed) mode when a SLEEP instruction
is executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON bit in
SYSCR2 isset to 1, and the DTON bit in SYSCR2 is cleared to 0. In sleep (medium-speed)
mode, asin sleep (high-speed) mode, CPU operation is halted but the on-chip peripheral
functions are operational. The clock frequency in sleep (medium-speed) mode is determined
by the MA1 and MAO hitsin SYSCR1. CPU register contents are retained.

Furthermore, it sometimes acts with half state early timing at the time of transition to sleep
(medium-speed) mode.
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522 Clearing Sleep M ode

Sleep modeis cleared by any interrupt (timer A, timer C, timer F, timer G, asynchronous event
counter, IRQAEC, IRQq, IRQ3, IRQ;, IRQo, WKP; to WKP,, SCI3, A/D converter), or by input at
the RES pin.

» Clearing by interrupt
When an interrupt is requested, sleep mode is cleared and interrupt exception handling starts.
A transition is made from sleep (high-speed) mode to active (high-speed) mode, or from sleep
(medium-speed) mode to active (medium-speed) mode. Sleep modeis not cleared if the | bit of
the condition code register (CCR) is set to 1 or the particular interrupt is disabled in the
interrupt enable register.
To synchronize the interrupt request signal with the system clock, up to 2/¢(s) delay may occur
after the interrupt request signal occurrence, before the interrupt exception handling start.

« Clearing by RES input
When the RES pin goes low, the CPU goes into the reset state and sleep mode is cleared.
523 Clock Frequency in Seep (Medium-Speed) M ode

Operation in sleep (medium-speed) mode is clocked at the frequency designated by the MA1 and
MADO bitsin SY SCR1.
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53 Standby Mode

531 Transition to Standby M ode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY bit in SYSCR1 is set to 1, the LSON hit in SY SCR1 is cleared to 0, and bit TMA3in
TMA iscleared to 0. In standby mode the clock pulse generator stops, so the CPU and on-chip
peripheral modules stop functioning, but as long as the rated voltage is supplied, the contents of
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retained. On-chip
RAM contents will be further retained down to a minimum RAM dataretention voltage. Thel/O
ports go to the high-impedance state. Port 5 of the HD64F38024 retains the previous pin state.

53.2 Clearing Standby Mode

Standby mode is cleared by an interrupt (IRQ; or IRQy), WKP; to WKP, or by input at the RES
pin.

* Clearing by interrupt
When an interrupt is requested, the system clock pulse generator starts. After thetime set in
bits STS2 to STS0 in SY SCR1 has elapsed, a stable system clock signal is supplied to the
entire chip, standby mode is cleared, and interrupt exception handling starts. Operation
resumes in active (high-speed) mode if MSON = 0in SY SCR2, or active (medium-speed)
mode if MSON = 1. Standby modeisnot cleared if the | bit of CCR is set to 1 or the particular
interrupt is disabled in the interrupt enable register.

+ Clearing by RES input
When the RES pin goes low, the system clock pulse generator starts. After the pulse generator
output has stabilized, if the RES pin is driven high, the CPU starts reset exception handling.
Since system clock signals are supplied to the entire chip as soon as the system clock pulse
generator starts functioning, the RES pin should be kept at the low level until the pulse
generator output stabilizes.

533 Oscillator Stabilization Time after Standby M odeis Cleared
Bits STS2 to STSO in SY SCR1 should be set as follows.

Notethat stabilization times for the H8/38024, H8/38024S, and H8/38024R Group and for the
H8/38124 Group are different.
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*  When aoscillator is used

The table below gives settings for various operating frequencies. Set bits STS2 to STSO for a
wait time at least as long as the oscillation stabilization time.

Table5.4(1) Clock Frequency and Stabilization Time (H8/38024, H8/38024S,
H8/38024R Group)

(Unit: ms)
STS2 STS1 STSO Wait Time 5 MHz 2 MHz
0 0 0 8,192 states 1.638 4.1
1 16,384 states 3.277 8.2
1 0 1,024 states 0.205 0.512
1 2,048 states 0.410 1.024
1 0 0 4,096 states 0.819 2.048
1 2 states 0.0004 0.001
(Use prohibited with other than
external clock)
1 0 8 states 0.002 0.004
16 states 0.003 0.008
Table5.4(2) Clock Freguency and Stabilization Time (H8/38124 Group)
(Unit: ms)
STS2 STS1 STSO Wait Time 5 MHz 2 MHz
0 0 0 8,192 states 1.638 4.1
1 16,384 states 3.277 8.2
1 0 32,768 states 6.554 16.4
1 65,536 states 13.108 32.8
1 0 0 131,072 states 26.216 65.5
1 2 states 0.0004 0.001
(Use prohibited with other than
external clock)
1 0 8 states 0.002 0.004
16 states 0.003 0.008

¢ When an external clock is used

STS2=1,STS1=0, and STS0 = 1 should be set. Other values possible use, but CPU
sometimes will start operation before wait time completion.
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*  When the on-chip oscillator is used

8,192 states (STS2 = STS1 = STS0 = 0) isrecommended if the on-chip oscillator is used on
the H8/38124 Group.

534 Standby M ode Transition and Pin States

When a SLEEP instruction is executed in active (high-speed) mode or active (medium-speed)
mode while bit SSBY isset to 1 and bit LSON is cleared to 0 in SYSCR1, and bit TMA3 is
clearedto 0in TMA, atransition is made to standby mode. At the same time, pins go to the high-
impedance state (except pinsfor which the pull-up MOS is designated as on). Port 5 of the
HD64F38024 retains the previous pin state. Figure 5.2 shows the timing in this case.

Internal data bus ><SLEEP instruction fetch ><Fetch of next instruction ><

SLEEP instruction execution Internal prbcessing
Pins Port output >< High-impedance
Active (high-speed) mode or active (medium-speed) mode Standby mode

Figure5.2 Standby Mode Transition and Pin States
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535 Noteson External I nput Signal Changes before/after Standby Mode

1. When external input signal changes before/after standby mode or watch mode

When an external input signal such asTIRQ, WKP, or IRQAEC isinput, both the high- and
low-level widths of the signal must be at least two cycles of system clock ¢ or subclock @sys
(referred to together in this section astheinternal clock). Astheinternal clock stopsin
standby mode and watch mode, the width of external input signals requires careful attention
when atransition is made via these operating modes. Ensure that external input signals
conform to the conditions stated in 3, Recommended timing of external input signals, below

2. When external input signals cannot be captured because internal clock stops
The case of falling edge captureisillustrated in figure 5.3.
As shown in the case marked "Capture not possible," when an external input signal falls
immediately after atransition to active (high-speed or medium-speed) mode or subactive
mode, after oscillation is started by an interrupt via a different signal, the external input signal
cannot be captured if the high-level width at that point is lessthan 2 teyc or 2 tgncyc.

3. Recommended timing of external input signals
To ensure dependable capture of an external input signal, high- and low-level signal widths of
at least 2 teyc Or 2 toncyc are necessary before atransition is made to standby mode or watch
mode, as shown in “ Capture possible: case 1" in figure 5.3.
External input signal capture is also possible with the timing shown in “ Capture possible: case
2" and “ Capture possible: case 3" in figure 5.3, in which a2 tec or 2 tee,c level width is
secured.

Rev. 7.00 Mar 10, 2005 page 131 of 652
REJ09B0042-0700
RENESAS



Section 5 Power-Down Modes

Overatin Active (high-speed, Wait for | Active (high-speed,
pd 9 medium-speed) mode Standby mode |oscillation| medium-speed) mode
mode or subactive mode or watch mode |to settle | or subactive mode
: tcyc : tcyc : tcyc : tcyc :
I Isubcyc ! tsubcyc ! tsubcyc ! tsubcyc !
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| | | |
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|

|

|

|

|

|

|

))
|

| | | |

| | | |

| External input signal | ! ! ! !
| | | |

| | | |

Capture possible:
case 1

T !

Capture possible:
case 2

Capture possible:
case 3

I_

T

Interrupt by dlfferent
signal

Capture not
possible

Figure5.3 External Input Signal Capturewhen Signal Changes befor e/after
Standby M ode or Watch M ode

4. Input pinsto which these notes apply:

IRQq, IRQs, IRQy, IRQo, WKP- to WKP,, IRQAEC, TMIC, TMIF, TMIG, ADTRG.

54 Watch Mode

54.1 Transtion to Watch M ode

The system goes from active or subactive mode to watch mode when a SLEEP instruction is
executed while the SSBY bit in SYSCR1 isset to 1 and bit TMA3in TMA isset to 1.

In watch mode, operation of on-chip peripheral modules is halted except for timer A, timer F,
timer G, AEC and the LCD controller/driver (for which operation or halting can be set) is halted.
Aslong as a minimum required voltage is applied, the contents of CPU registers, the on-chip
RAM and some registers of the on-chip peripheral modules, areretained. 1/0 ports keep the same
states as before the transition.

Rev. 7.00 Mar 10, 2005 page 132 of 652
REJ09B0042-0700
RENESAS




Section 5 Power-Down Modes

54.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (timer A, timer F, timer G, IRQO, or WKP7 to WKPQ) or
by input at the RES pin.

» Clearing by interrupt
When watch mode is cleared by interrupt, the mode to which a transition is made depends on
the settings of LSON in SY SCR1 and MSON in SY SCR2. If both LSON and MSON are
cleared to O, transition isto active (high-speed) mode; if LSON = 0 and MSON = 1, transition
isto active (medium-speed) mode; if LSON = 1, transition is to subactive mode. When the
transition is to active mode, after thetime set in SY SCR1 bits STS2 to STS0 has elapsed, a
stable clock signal is supplied to the entire chip, watch mode is cleared, and interrupt exception
handling starts. Watch mode is not cleared if the | bit of CCR isset to 1 or the particular
interrupt is disabled in the interrupt enable register.

» Clearing by RES input
Clearing by RES pin is the same as for standby mode; see 2. Clearing by RES pin in section
5.3.2, Clearing Standby Mode.

54.3 Oscillator StabilizationTime after Watch Modeis Cleared

The wait time is the same as for standby mode; see section 5.3.3, Oscillator Stabilization Time
after Standby Mode is Cleared.

54.4 Notes on External Input Signal Changes befor e/after Watch Mode

See section 5.3.5, Notes on External Input Signal Changes before/after Standby Mode.
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55 Subsleep Mode

55.1 Transition to Subsleep Mode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
whilethe SSBY bit in SYSCR1 iscleared to O, LSON bit in SYSCR1 issetto 1, and TMA3 hit in
TMA issetto 1. In subsleep mode, operation of on-chip peripheral modules other than the A/D
converter and PWM isin active state. Aslong as a minimum required voltage is applied, the
contents of CPU registers, the on-chip RAM and some registers of the on-chip peripheral modules
areretained. 1/0 ports keep the same states as before the transition.

55.2 Clearing Subdeep M ode

Subsleep mode is cleared by an interrupt (timer A, timer C, timer F, timer G, asynchronous event
counter, SCI3, IRQAEC, IRQ, IRQ;, IRQy, IRQ,, WKP; to WKPy) or by alow input at the RES

pin.

e Clearing by interrupt
When an interrupt is requested, subsleep mode is cleared and interrupt exception handling
starts. Subsleep mode isnot cleared if the | bit of CCRis set to 1 or the particular interrupt is
disabled in the interrupt enable register.
To synchronize the interrupt request signal with the system clock, up to 2/@s,s(S) delay may
occur after the interrupt request signal occurrence, before the interrupt exception handling
start.

» Clearing by RES input
Clearing by RES pin isthe same as for standby mode; see Clearing by RES pin in section
5.3.2, Clearing Standby Mode.
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56 Subactive M ode

5.6.1 Transition to Subactive M ode

Subactive mode is entered from watch mode if atimer A, timer F, timer G, IRQ,, or WKP; to
WKP; interrupt is requested while the LSON bit in SYSCR1 isset to 1. From subsleep mode,
subactive modeis entered if atimer A, timer C, timer F, timer G, asynchronous event counter,
SCI3, IRQAEC, IRQ4, IRQs, IRQy, IRQo, or WKP; to WKP; interrupt isrequested. A transition
to subactive mode does not take place if the | bit of CCR is set to 1 or the particular interrupt is
disabled in the interrupt enable register.

5.6.2 Clearing Subactive M ode
Subactive modeis cleared by a SLEEP instruction or by alow input at the RES pin.

» Clearing by SLEEP instruction

If aSLEEP instruction is executed while the SSBY bit in SYSCR1 isset to 1 and TMA3 hit in
TMA isset to 1, subactive mode is cleared and watch modeis entered. 1f a SLEEP instruction
is executed while SSBY = 0and LSON = 1in SYSCR1 and TMA3=1in TMA, subsleep
mode is entered. Direct transfer to active mode is also possible; see section 5.8, Direct
Transfer, below.

» Clearing by RES pin
Clearing by RES pin isthe same as for standby mode; see Clearing by RES pin in section
5.3.2, Clearing Standby Mode.

5.6.3 Operating Frequency in Subactive Mode

The operating frequency in subactive mode is set in bits SA1 and SAO in SYSCR2. The choices
are Ou/2, /4, and @y/8.
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5.7 Active (Medium-Speed) Mode

571 Transition to Active (M edium-Speed) Mode

If the MSON bit in SY SCR2 is set to 1 while the LSON hit in SY SCR1 is cleared to O, atransition
to active (medium-speed) mode results from IRQy, IRQ; or WKP; to WKP, interrupts in standby
mode, timer A, timer F, timer G, IRQ,, or WKP; to WKP, interrupts in watch mode, or any
interrupt in sleep mode. A transition to active (medium-speed) mode does not take place if thel
bit of CCR isset to 1 or the particular interrupt is disabled in the interrupt enable register.
Furthermore, it sometimes acts with half state early timing at the time of transition to active
(medium-speed) mode.

57.2 Clearing Active (M edium-Speed) M ode
Active (medium-speed) mode is cleared by a SLEEP instruction.

» Clearing by SLEEP instruction

A transition to standby mode takes place if the SLEEP instruction is executed while the SSBY
bit in SYSCR1 isset to 1, the LSON bit in SYSCR1 is cleared to 0, and the TMA3 bitin TMA
is cleared to 0. The system goes to watch mode if the SSBY bit in SY SCR1 is set to 1 and bit
TMA3in TMA isset to 1 when a SLEEP ingtruction is executed.

When both SSBY and LSON are cleared to 0 in SY SCR1 and a SLEEP instruction is executed,
sleep mode is entered. Direct transfer to active (high-speed) mode or to subactive mode is also
possible. See section 5.8, Direct Transfer, below for details.

» Clearing by RES pin
When the RES pin is driven low, atransition is made to the reset state and active (medium-
speed) mode is cleared.

5.7.3 Operating Frequency in Active (M edium-Speed) M ode

Operation in active (medium-speed) mode is clocked at the frequency designated by the MA1 and
MAQO bitsin SY SCR1.
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5.8 Direct Transfer

58.1 Overview of Direct Transfer

The CPU can execute programs in three modes: active (high-speed) mode, active (medium-speed)
mode, and subactive mode. A direct transfer is a transition among these three modes without the
stopping of program execution. A direct transfer can be made by executing a SLEEP instruction
whilethe DTON bit in SYSCR2 isset to 1. After the mode transition, direct transfer interrupt
exception handling starts.

If the direct transfer interrupt is disabled in interrupt enable register 2 (IENR2), atransition is
made instead to sleep mode or watch mode. Note that if a direct transition is attempted while the |
bitin CCRis set to 1, sleep mode or watch mode will be entered, and it will be impossible to clear
the resulting mode by means of an interrupt.

« Direct transfer from active (high-speed) mode to active (medium-speed) mode
When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and
LSON bitsin SY SCR1 are cleared to 0, the MSON hit in SYSCR2 is set to 1, and the DTON
bit in SY SCR2 is set to 1, atransition is made to active (medium-speed) mode via sleep mode.

» Direct transfer from active (medium-speed) mode to active (high-speed) mode
When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON bhitsin SY SCR1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, and the
DTON hitin SYSCR2 is set to 1, atransition is made to active (high-speed) mode via sleep
mode.

« Direct transfer from active (high-speed) mode to subactive mode
When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and
LSON bitsin SYSCR1 are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMAS3 hit in
TMA isset to 1, atransition is made to subactive mode via watch mode.

« Direct transfer from subactive mode to active (high-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY hit in SYSCR1 is
set to 1, the LSON bit in SYSCR1 iscleared to 0, the MSON hit in SYSCR2 iscleared to O,
the DTON bit in SYSCR2 isset to 1, and the TMA3 bit in TMA isset to 1, atransition is made
directly to active (high-speed) mode via watch mode after the waiting time set in SY SCR1 bits
STS2 to STSO has elapsed.
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» Direct transfer from active (medium-speed) mode to subactive mode
When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and

LSON hitsin SYSCR1 are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 bit in
TMA isset to 1, atransition is made to subactive mode via watch mode.

» Direct transfer from subactive mode to active (medium-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY hit in SYSCR1 is
set to 1, the LSON bit in SYSCR1 iscleared to 0, the MSON bit in SY SCR2 is set to 1, the
DTON bitin SYSCR2 issetto 1, and the TMA3 bit in TMA isset to 1, atransition is made
directly to active (medium-speed) mode via watch mode after the waiting time set in SY SCR1
bits STS2 to STSO has elgpsed.

5.8.2 Direct Transition Times
1. Timefor direct transition from active (high-speed) modeto active (medium-speed) mode

A direct transition from active (high-speed) mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in active (high-speed) mode while bits SSBY and LSON are both
cleared to O in SY SCR1, and bits MSON and DTON are both set to 1 in SYSCR2. Thetime from
exe