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Keep safety first in your circuit designs!

. 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
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

. 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.

. 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.

. 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).

. 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.

. 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.

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

. 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.

. 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
they are used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS! isnot 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 thereset 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 whileitisin this
undefined state. For those products which have a reset function, reset the LSI
immediately after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note: Accessto 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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Preface

This LSl is a high-performance single-chip microcontrollers that integrates peripheral necessary
for system configuration with an H8/300H CPU featuring a 32-bit internal architecture asits core.

The on-chip peripheral functions include ROM, RAM, 16-bit timers, 8-hit timers, a programmable
timing pattern controller (TPC), a watchdog timer (WDT), a three-channel serial communication
interface, atwo-channel D/A converter, an A/D converter, and /O ports, providing an ideal
configuration as a microcomputer for embedding in sophisticated control systems. Flash memory
(F-ZTAT™*) isavailable as on-chip ROM, enabling users to respond quickly and flexibly to
changing application specifications and the demands of the transition from initial to full-fledged
volume production.

Note: * F-ZTAT isatrademark of Renesas Technology Corp.

Intended Readership: Thismanual isintended for users undertaking the design of an application
system using the H8/3069RF-ZTAT™. Readers using this manual require a
basic knowledge of electrical circuits, logic circuits, and microcomputers.

Purpose: The purpose of this manual isto give users an understanding of the
hardware functions and electrical characteristics of the H8/3069RF-
ZTAT™. Details of execution instructions can be found in the H8/300H
Series Programming Manual, which should be read in conjunction with the
present manual.

Using this Manual:

+ For an overall understanding of the H8/3069RF-ZTAT s functions
Follow the Table of Contents. This manual is broadly divided into sections on the CPU,
system control functions, peripheral functions, and electrical characteristics.

« For adetailed understanding of CPU functions
Refer to the separate publication, H8/300H Series Programming Manual.
In order to understand the details of aregister when its name is known. The addresses, bits,
and initial values of the registers are summarized in Appendix B, Internal 1/0 Registers.

Related Material: The latest information is available at our Web Site. Please make sure that
you have the most up-to-date information available.
(http://www.renesas.com)
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User's Manual on the H8/3069RF-ZTAT™:

Manual Title Document No.
H8/3069RF-ZTAT™ Hardware Manual This manual
H8/300H Series Programming Manual ADE-602-053

Usr'sManuals for development tools:

Manual Title Document No.
H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor =~ ADE-702-247
User's Manual

H8S, H8/300 Series Simulator/Debugger User's Manual ADE-702-037
High-Performance Embedded Workshop User's Manual ADE-702-201
H8S, H8/300 Series High-Performance Embedded Workshop, High- ADE-702-231

Performance Debegging Interface Tutorial

Application Note:

Manual Title Document No.
Microcomputer H8/300H Series Application Notes for CPU ADE-502-033
H8/300H Series On-Chip Supporting Modules Application Note ADE-502-035
Microcomputer Technical Q&A H8/300H Series Application Notes ADE-502-038
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Main Revisions for this Edition

Item Page Revisions (See Manual for Details)
5.1.1 Features 83  Description amended
» Seven external interrupt pins
... For each of IRQu to IRQs, sensing of the falling
edge or level sensing can be selected independently.
5.1.2 Block Diagram 84  Figure 5.1 amended

Figure 5.1 Interrupt Controller Block
Diagram

(Before) IRQ input — (After) IRQ input

5.2.4 IRQ Enable Register (IER) 95

Description amended

(Before) IRQs to IRQo interrupts — (After) IRQs to IRQo
interrupts request

18.10.1 Serial Communication Interface 650
Specification for Boot Mode

(2) Device Selection

Description amended

O Size (1 byte) : Amount of device-code data
This is fixed to 4

655,
656

(11) New Bit-Rate Selection
Description amended

O Number of multiplication ratios (1 byte) : The
number of multiplication ratios to which the device
can be set. Normally the value is two: main
operating frequency and peripheral module
operating frequency. (With this LSI it should be set
to H'01.)

O Multiplication ratio 2 (1 byte):

O Multiplication ratio (1 byte) : The value of the
multiplication ratio (e.g. when the clock
frequency is multiplied by four, the
multiplication ratio will be H'04. 'Cannot be set
for this LSI.)

Figure 18.27 Programming Sequence 661

e Programming
Figure 18.27 amended

Host Boot program

»
-

Programming selection (H'42, H'43) Transter of the

programming
program
T
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Item Page Revisions (See Manual for Details)

18.10.1 Serial Communication Interface 662 (3) 128-byte programming

Specification for Boot Mode Description amended

0 Programming Address (4 bytes) : Start address for
programming
Multiple of the size specified in response to the
programming unit inquiry (i.e. H'00, H'01, H'00,
H'00: H'00010000)

21.5 Usage Notes 771 Item added
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Section 1 Overview

11 Overview

The H8/3069R is a series of microcontrollers (MCUSs) that integrate system supporting functions
together with an H8/300H CPU core having an original Renesas Technology architecture.

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit timer, an 8-bit timer, a
programmable timing pattern controller (TPC), awatchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, aD/A converter, I/O ports, a direct memory access controller
(DMAC), and other facilities.

The H8/3069R has 512 kbytes of flash memory and 16 kbytes of RAM.

Six MCU operating modes offer a choice of bus width and address space size. The modes (modes
1to 5, 7) include one single-chip mode and five expanded modes.

The H8/3069R includes an F-ZTAT™=* version with on-chip flash memory that can be
programmed on-board. This version enables usersto respond quickly and flexibly to changing
application specifications, growing production volumes, and other conditions.

Table 1.1 summarizes the features of the H8/3069R.

Note: * F-ZTAT (Flexible ZTAT) is atrademark of Renesas Technology Corp.
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Tablel.l Features

Feature Description
CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine
» Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers, eight 16-bit registers, or eight 32-bit
registers)
High-speed operation
e Maximum clock rate: 25 MHz
* Add/subtract: 80 ns
* Multiply/divide: 560 ns
16-Mbyte address space
Instruction features
« 8/16/32-bit data transfer, arithmetic, and logic instructions
» Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
» Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)
« Bit accumulator function
« Bit manipulation instructions with register-indirect specification of bit
positions
Memory H8/3069R
*  ROM: 512 kbytes
*  RAM: 16 kbytes
Interrupt + Seven external interrupt pins: NMI, TRQO to IRQ5
controller » 36 internal interrupts

» Three selectable interrupt priority levels

Bus controller

» Address space can be partitioned into eight areas, with independent bus
specifications in each area

» Chip select output available for areas 0 to 7

» 8-bit access or 16-bit access selectable for each area

» Two-state or three-state access selectable for each area
» Selection of two wait modes

« Number of program wait states selectable for each area
» Direct connection of burst ROM

« Direct connection of up to 8-Mbyte DRAM (or DRAM interface can be used
as interval timer)

* Bus arbitration function

vivewe.DataSheetdU.com
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Feature

Description

DMA controller
(DMAC)

Short address mode

Maximum four channels available

Selection of I/0 mode, idle mode, or repeat mode

Can be activated by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, conversion-end interrupts from the A/D converter,
transmit-data-empty and receive-data-full interrupts from the SCI, or external
requests

Full address mode

Maximum two channels available
Selection of normal mode or block transfer mode

Can be activated by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, conversion-end interrupts from the A/D converter,
external requests, or auto-request

16-bit timer,
3 channels

Three 16-bit timer channels, capable of processing up to six pulse outputs
or six pulse inputs

16-hbit timer counter (channels 0 to 2)

Two multiplexed output compare/input capture pins (channels 0 to 2)
Operation can be synchronized (channels 0 to 2)

PWM mode available (channels 0 to 2)

Phase counting mode available (channel 2)

DMAC can be activated by compare match/input capture A interrupts
(channels 0 to 2)

8-bit timer,
4 channels

8-bit up-counter (external event count capability)
Two time constant registers
Two channels can be connected

Programmable
timing pattern
controller (TPC)

Maximum 16-bit pulse output, using 16-bit timer as time base

Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-hit
groups)

Non-overlap mode available

Output data can be transferred by DMAC

Watchdog * Reset signal can be generated by overflow

timer (WDT), * Usable as an interval timer

1 channel

Serial » Selection of asynchronous or synchronous mode

communication
interface (SCI),
3 channels

Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator
Smart card interface functions added

vy DatasheetdU.com
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Feature Description

A/D converter .

Resolution: 10 bits

Eight channels, with selection of single or scan mode
Variable analog conversion voltage range
Sample-and-hold function

A/D conversion can be started by an external trigger or 8-bit timer compare-

match
DMAC can be activated by an A/D conversion end interrupt

D/A converter .

Resolution: 8 bits
Two channels
D/A outputs can be sustained in software standby mode

1/0O ports .

70 input/output pins
9 input-only pins

Operating modes «

Six MCU operating modes
Mode Address Space Address Pins Initial Bus Width

Max. Bus Width

Mode 1 1 Mbyte A to A, 8 bits 16 bits
Mode 2 1 Mbyte A to A, 16 bits 16 bits
Mode 3 16 Mbytes A, to A, 8 bits 16 bits
Mode 4 16 Mbytes A, to A, 16 bits 16 bits
Mode 5 16 Mbytes A to A, 8 bits 16 bits
Mode 7 1 Mbyte — — —
e On-chip ROM is disabled in modes 1 to 4
Power-down * Sleep mode
state » Software standby mode
» Hardware standby mode
* Module standby function
* Programmable system clock frequency division
Other features e On-chip clock pulse generator
www.DataSheet4U.com
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Feature Description

Product
lineup

Group

Product Code
(Catalog
Product Code)

Regular Product Code Package

(Internal
Product Code)

(Package
Code)

Classification

H8/3069R

HD64F3069RF25

HD64F3069RF25

HD64F3069RF25W

HD64F3069RF25W

HDG64F3069RFBL25

HD64F3069RFBL25

100-pin QFP
(FP-100B)

Regular specifications
with on-chip flash
memory

Wide-range
specifications with on-
chip flash memory

Standard characteristic
specifications with on-
chip flash memory

HD64F3069RTE25

HD64F3069RX25

HDG64F3069RTE25W

HD64F3069RX25W

HD64F3069RTEBL25

HD64F3069RXBL25

100-pin TQFP
(TFP-100B)

Regular specifications
with on-chip flash
memory

Wide-range
specifications with on-
chip flash memory

Standard characteristic
specifications with on-
chip flash memory

RENESAS
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1.2 Block Diagram

Figure 1.1 shows an internal block diagram.
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Figure1l.1 Block Diagram
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1.3 Pin Description

131 Pin Arrangement

The pin arrangement of the H8/3069R FP-100B and TFP-100B packagesis shown in figure 1.2.
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Note: * When functioning as V¢ pin, the connection of an external capacitor is required.
Figure1.2 Pin Arrangement (FP-100B or TFP-100B, Top View)
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1.3.2 Pin Functions

Table 1.2 summarizes the pin functions.

Tablel.2 Pin Functions

Pin No.
FP-100B
Type Symbol  TFP-100B 1/O Name and Function
Power Ve 35, 68 Input Power: For connection to the power supply. Connect
all V. pins to the system power supply.
Vg 11, 22,44, Input  Ground: For connection to ground (0 V).
57, 65, 92 Connect all V pins to the 0-V system power supply.
Internal Vo 1 Output Connect an external capacitor between this pin and
step-down GND (0 V). Do not connect to V..
pin
Veu 0.1 yF
du
7
Clock XTAL 67 Input  For connection to a crystal resonator.
For examples of crystal resonator and external clock
input, see section 19, Clock Pulse Generator.
EXTAL 66 Input  For connection to a crystal resonator or input of an
external clock signal. For examples of crystal
resonator and external clock input, see section 19,
Clock Pulse Generator.
(0} 61 Output System clock: Supplies the system clock to external

devices.
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Pin No.

FP-100B
Type TFP-100B 1/O Name and Function
Operating 751073 Input  Mode 2 to mode O: For setting the operating mode,
mode as follows. The H8/3069R can be used only in
control modes 1 to 5, 7. The inputs at the mode pins must
select one of these six modes. Inputs at these pins
must not be changed during operation.
MD, MD, MD,  Operating Mode
0 0 0 —
0 0 1 Mode 1
0 1 0 Mode 2
0 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
1 1 0 —
1 1 1 Mode 7
System 63 Input  Reset input: When driven low, this pin resets the
control chip
10 Input  Write enable signal: Flash memory write control
signal
62 Input  Standby: When driven low, this pin forces a
transition to hardware standby mode
59 Input  Bus request: Used by an external bus master to
request the bus right
60 Output Bus request acknowledge: Indicates that the bus
has been granted to an external bus master
Interrupts 64 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt
17, 16, Input  Interrupt request 5 to 0: Maskable interrupt request
90 to 87 pins
Address 97 to 100, Output Address bus: Outputs address signals
bus 56 to 45,
43 to 36

vivewe.DataSheetdU.com
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Pin No.

FP-100B
Type Symbol  TFP-100B 1/O Name and Function
Databus D, toD, 34t023, Input/ Data bus: Bidirectional data bus
21t0 18 output
Bus control @7 to 2105, Output Chip select: Select signals for areas 7 to 0
CS, 88t0 91
AS 69 Output Address strobe: Goes low to indicate valid address
output on the address bus
RD 70 Output Read: Goes low to indicate reading from the external
address space
HWR 71 Output High write: Goes low to indicate writing to the
external address space; indicates valid data on the
upper data bus (D, to D).
LWR 72 Output Low write: Goes low to indicate writing to the
external address space; indicates valid data on the
lower data bus (D, to D).
WAIT 58 Input  Wait: Requests insertion of wait states in bus cycles
during access to the external address space
DRAM RFSH 87 Output Refresh: Indicates a refresh cycle
interface CS, to 89, 88, Output Row address strobe RAS: Row address strobe
CS, 54 signal for DRAM
RD 70 Output Write enable WE: Write enable signal for DRAM
HWR 71 Output Upper column address strobe UCAS: Column
UCAS 6 address strobe signal for DRAM
LWR 72 Output Lower column address strobe LCAS: Column
LCAS 7 address strobe signal for DRAM
DMA DREQ,, 53 Input DMA request 1 and 0: DMAC activation
controller  DREQ, requests
(DMAC) TEND,, 94, 93 Output Transfer end 1 and 0: These signals indicate that
TEND the DMAC has ended a data transfer
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Pin No.

FP-100B
Type Symbol  TFP-100B 1/O Name and Function
16-bit timer TCLKD to 96 to 93 Input Clock input D to A: External clock inputs
TCLKA
TIOCA,to 99,97,95 Input/ Input capture/output compare A2 to A0: GRA2 to
TIOCA, output GRAO output compare or input capture, or PWM
output
TIOCB, to 100, 98, Input/  Input capture/output compare B2 to BO: GRB2 to
TIOCB, 96 output GRBO output compare or input capture, or PWM
output
8-bit timer TMO,), 2,4 Output Compare match output: Compare match output
T™MO, pins
TMIO,, 3,5 Input/  Input capture input/compare match output: Input
TMIO, output capture input or compare match output pins
TCLKD to 96 to 93 Input  Counter external clock input: These pins input an
TCLKA external clock to the counters.
Program- TP to 9to 2, Output TPC output 15 to 0: Pulse output
mable TP, 100 to 93
timing
pattern
controller
(TPC)
Serial com- TxD, to 8,13,12 Output Transmit data (channels 0, 1, 2): SCI data output
munication TxD,
interface RxD, to 9,15, 14 Input Receive data (channels 0, 1, 2): SCI data input
SCK,to  7,17,16 Input/  Serial clock (channels 0, 1, 2): SCI clock
SCK, output input/output
A/D AN, to 851078 Input  Analog 7 to O0: Analog input pins
converter AN,
ADTRG 90 Input  A/D conversion external trigger input: External
trigger input for starting A/D conversion
D/A DA, DA, 85,84 Output Analog output: Analog output from the
converter D/A converter
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Pin No.

FP-100B
Type Symbol  TFP-100B 1/O Name and Function
A/D and AV . 76 Input  Power supply pin for the A/D and D/A converters.
D/A Connect to the system power supply when not using
converters the A/D and D/A converters.

AV 86 Input  Ground pin for the A/D and D/A converters. Connect
to system ground (0 V).

Vier 77 Input  Reference voltage input pin for the A/D and D/A
converters. Connect to the system power supply
when not using the A/D and D/A converters.

1/0 ports P1,to P1, 43to 36 Input/  Port 1: Eight input/output pins. The direction of each
output pin can be selected in the port 1 data direction
register (P1LDDR).

P2,to P2, 5210 45 Input/  Port 2: Eight input/output pins. The direction of each

output pin can be selected in the port 2 data direction
register (P2DDR).

P3,to P3, 34to 27 Input/  Port 3: Eight input/output pins. The direction of each

output pin can be selected in the port 3 data direction
register (P3DDR).

P4, to P4, 26to23, Input/ Port 4: Eight input/output pins. The direction of each

21to 18 output pin can be selected in the port 4 data direction
register (P4DDR).

P5, to P5, 56 to 53 Input/  Port 5: Four input/output pins. The direction of each

output pin can be selected in the port 5 data direction
register (P5DDR).

P6,to P6, 61, Input/  Port 6: Seven input/output pins and one input pin.

721069, output The direction of each pin can be selected in the port
60 to 58 6 data direction register (P6DDR).
P7.to P7, 85to 78 Input  Port 7: Eight input pins
P8,to P8, 91to 87 Input/  Port 8: Five input/output pins. The direction of each
output pin can be selected in the port 8 data direction
register (P8DDR).
P9, to P9, 17to 12 Input/  Port 9: Six input/output pins. The direction of each
output pin can be selected in the port 9 data direction
register (PODDR).

PA_ to PA, 100t0 93 Input/  Port A: Eight input/output pins. The direction of each

output pin can be selected in the port A data direction
register (PADDR).

PB,to PB, 9to 2 Input/  Port B: Eight input/output pins. The direction of each

output pin can be selected in the port B data direction

register (PBDDR).
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133 Pin Assignmentsin Each Mode
Table 1.3 lists the pin assignments in each mode.

Table1.3 Pin Assignmentsin Each Mode (FP-100B or TFP-100B)

Pin No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7

1 VCL VCL VCL VCL VCL VCL

2 PB/TPy PB/TPy/ PB/TPy/ PB/TPy PB/TPy/ PB/TP/
TMO,/CS, TMO,/CS, TMO//CS, TMO,/CS, TMO,/CS, TMO,

3 PB./TP/ PB./TP/ PB./TP/ PB./TP/ PB./TP/ PB./TP/
T™MIO/ T™MIO/ TMIO/ T™MIO/ T™MIO/ TMIO/
DREQ/ DREQ/ DREQ/ DREQ/ DREQ/ DREQ,
CS, CS, CS, CS, CS,

4 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/
TMO,/CS, TMO,/CS, TMO,/CS, TMO,/CS, TMO,/CS, TMO,

5 PB,/TP,./ PB,/TP,./ PB./TP ./ PB,/TP,./ PB,/TP,./ PB./TP ./
T™MIO/ T™MIO/ TMIO/ T™MIO/ T™MIO/ TMIO/
DREQ/ DREQ/ DREQ/ DREQ,/ DREQ,/ DREQ,
CS, CS, CS, CS, CS,

6 PB,/TP/ PB,/TP/ PB,/TP,/ PB,/TP,/ PB,/TP/ PB,/TP,,
UCAS UCAS UCAS UCAS UCAS

7 PB,/TP../ PB,/TP../ PB./TP ./ PB,/TP../ PB,/TP../ PB./TP ./
LCAS/ LCAS/ LCAS/ LCAS/ LCAS/ SCK,
SCK, SCK, SCK, SCK, SCK,

8 PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/
TxD, TxD, TxD, TxD, TxD, TxD,

9 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/
RxD, RxD, RxD, RxD, RxD, RxD,

10 FWE FWE FWE FWE FWE FWE

11 VSS VSS VSS VSS VSS VSS

12 P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD,

13 P9./TxD, P9./TxD, P9./TxD, P9./TxD, P9./TxD, P9,/TxD,

14 P9,/RxD, P9,/RxD, P9,/RXD, P9,/RxD, P9,/RxD, P9,/RXD,

15 P9,/RxD, P9,/RxD, P9./RXD, P9,/RxD, P9,/RxD, P9./RXD,

16 P9,/IRQ,/ P9,/RQ,/ P9./IRQ/ P9,/IRQ,/ P9,/IRQ,/ P9./IRQ/
SCK, SCK, SCK, SCK, SCK, SCK,

17 P9,/IRQ/ P9,/IRQ/ P9/IRQ/ P9,/IRQ/ P9,/IRQ/ P9/IRQ/
SCK, SCK, SCK, SCK, SCK, SCK,

18 P4,/D** P4,/D,** P4,/D** P4,/D** P4,/D** P4,

19 P4,/D,** P4,/D,** P4,/D** P4,/D,** P4,/D** P4,

20 P4,/D,** P4,/D,** P4,/D,** P4,/D,** P4,/D,** P4,
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Pin No. Pin Name

FP-100B
TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7
21 P4,/D*! P4,/D** P4/D*! P4,/D** P4,/D*! P4,
22 Vg Ve Vg Ve Ve Vg
23 P4,/D*! P4,/D** P4,/D** P4,/D** P4,/D*! P4,
24 P4,/D*! P4,/D** P4/D > P4,/D** P4,/D*! P4,
25 P4,/D*! P4,/D** P4/D > P4,/D** P4,/D*! P4,
26 P4./D*! P4,/D** P4./D*! P4,/D** P4,/D*! P4,
27 D, D, D, D, D, P3,
28 D, D, D, D, D, P3,
29 D, D, D, D, D, P3,
30 D, D, D,, D, D, P3,
31 D, D, D, D, D, P3,
32 D, D, D, D, D, P3,
33 D, D, D, D, D, P3,
34 D, D, D, D, D, P3,
35 Ve Ve Vee Ve Ve Vee
36 A, A, A, A, P1/A, P1,
37 A A A A PL/A, P1,
38 A, A, A, A, PL/A, P1,
39 A, A, A, A, PL/A, P1,
40 A, A, A, A, P1,/A, P1,
41 A, A, A, A, P1J/A, P1,
42 A, A, A, A, P1/A, P1,
43 A, A, A, A, PL/A, P1,
44 Vg Ve Vg Ve Vg Vg
45 A, A, A, A, P2/A, P2,
46 A, A, A, A, P2/A, P2,
47 A, A, A, A, P2JA,, P2,
48 A, A, A, A, P2JA, P2,
49 A, A, A, A, P2JA, P2,
50 A, A, A, A, P2JA., P2,
51 A, A, A, A, P2JA., P2,
52 A, A, A, A, P2JA, P2,
53 A, A, A, A, P5,/A,, P5,
54 A, A, A, A, P5J/A, PS5,
www.DataSheetdU.com
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Pin No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7

55 A, A, A, A, P5,/A,, PS5,

56 A, A, A, A, P5/A,, P5,

57 Vs Vs Ve Vs Vs Ve

58 P6,/WAIT P6,/WAIT P6,/WAIT P6,/WAIT P6,/WAIT P6,

59 P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6,

60 P6,/BACK P6,/BACK P6,/BACK P6,/BACK P6,/BACK P6,

61 P6,/¢+° P6.,/¢+° P6,/¢g*° P6.,/¢+° P6.,/¢+° P6,/g*"

62 STBY STBY STBY STBY STBY STBY

63 RES RES RES RES RES RES

64 NMI NMI NMI NMI NMI NMI

65 Vs Vs Ve Vs Vs Ve

66 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL

67 XTAL XTAL XTAL XTAL XTAL XTAL

68 Vcc Vcc VCC Vcc Vcc VCC

69 AS AS AS AS AS P6,

70 RD RD RD RD RD P6,

71 HWR HWR HWR HWR HWR P6,

72 LWR LWR LWR LWR LWR P6,

73 MD, MD, MD, MD, MD, MD,

74 MD, MD, MD, MD, MD, MD,

75 MD, MD, MD, MD, MD, MD,

76 AV, AV, AV AV, AV, AV

77 Ve Ve Ve Ve Ve Ve

78 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

79 P7,/AN, P7,/AN, P7/AN, P7,/AN, P7,/AN, P7/AN,

80 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

81 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

82 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

83 P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, P7/AN,

84 P7,/AN/ P7,/AN/ P7,/AN/ P7,/AN/ P7,/AN/ P7,/AN/
DA, DA, DA, DA, DA, DA,

85 P7./AN/ P7./AN/ P7,/AN/ P7./AN/ P7./AN/ P7,/AN,/
DA, DA, DA, DA, DA, DA,

86 AV, AV, AV AV, AV, AV

Ss

Ss

Ss

Ss

Ss

Ss
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Pin No. Pin Name

FP-100B
TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7
87 P8,IRQ,/ P8,IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,IRQ,/ P8/IRQ,
RFSH RFSH RFSH RFSH RFSH
88 P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,
CS, CS, CS, CS, CS,
89 P8,RQ,/ P8,IRQ,/ P8,IRQ,/ P8,IRQ,/ P8,IRQ,/ P8,/IRQ,
CS, CS, CS, CS, CS,
90 P8,/IRQ/ P8,/IRQ/ P8,/IRQ,/ P8,/IRQ/ P8,/IRQ/ P8/IRQ,/
CS/ADTRG CS/ADTRG CS/ADTRG CS/ADTRG CS/ADTRG ADTRG
91 P8,/CS, P8,/CS, P8,/CS, P8,/CS, P8,/CS, P8,
92 VSS VSS VSS VSS VSS VSS
93 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/
TEND, TEND, TEND, TEND, TEND, TEND,
94 PAJTP,/ PAJTP,/ PA/JTP, PAJTP,/ PAJTP,/ PA/JTP,/
TCLKB/ TCLKB/ ITCLKB/ TCLKB/ TCLKB/ TCLKB/
TEND, TEND, TEND, TEND, TEND, TEND,
95 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC
96 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD
97 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCA, TIOCA, TIOCA/ TIOCA/ TIOCA/ TIOCA,
A23 A23 A23
98 PAJTP,/ PAJTP,/ PAJTP/ PAJTP,/ PAJTP,/ PAJTP/
TIOCB, TIOCB, TIOCB,/ Tiocs,/ Tiocs,/ TIOCB,
A22 A22 A22
99 PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP,/
TIOCA, TIOCA, TIOCA,/ TIOCA,/ TIOCA,/ TIOCA,
A21 A21 A21
100 PAJTP,/ PAJTP,/ A, A, PAJTP,/ PAJTP,/
TIOCB, TIOCB, TiocB,/ TIOCB,
A

20

Notes: 1. In modes 1, 3, 5 the P4, to P4, functions of pins P4,/D, to P4./D, are selected after a
reset, but they can be changed by software.

2. In modes 2 and 4 the D, to D, functions of pins P4/D, to P4./D, are selected after a
reset, but they can be changed by software.

3. Inmodes 1 to 5 the P6. /@ pin is the @pin after a reset, but it can be changed by
software.

4. In mode 7 the P6. /@ pin is set as the P6, pin after a reset, but it can be changed by
software.
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Section2 CPU

21 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general
registers, can address a 16-Mbyte linear address space, and isideal for reatime control.

211 Features

The H8/300H CPU has the following features.

Upward compatibility with H8/300 CPU

Can execute H8/300 Series object programs

General-register architecture

Sixteen 16-bit general registers (also usable as sixteen 8-hit registers or eight 32-bit registers)
Sixty-two basic instructions

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

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [ @(d: 16, ERn) or @(d:24, ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERN]
Absolute address [ @aa:8, @aa: 16, or @aa:24]

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

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

Memory indirect [ @@aa:8]

16-Mbyte linear address space

Oooo0oogoooao
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« High-speed operation

O All frequently-used instructions execute in two to four states
O Maximum clock frequency :25 MHz

O 8/16/32-bit register-register add/subtract :80 ns

O 8 x 8-hit register-register multiply :560 ns

O 16 + 8-bit register-register divide :560 ns

O 16 x 16-hit register-register multiply ~ :880 ns

O 32+ 16-hit register-register divide :880 ns

e Two CPU operating modes
00 Norma mode
O Advanced mode
e Low-power mode
Transition to power-down state by SLEEP instruction

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

¢ More general registers
Eight 16-bit registers have been added.
* Expanded address space
O Advanced mode supports a maximum 16-Mbyte address space.

O Norma mode supports the same 64-kbyte address space as the H8/300 CPU.
(Normal mode cannot be selected in the H8/3069R.)

e Enhanced addressing

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

« Enhanced instructions
0 Datatransfer, arithmetic, and logic instructions can operate on 32-bit data.
O Signed multiply/divide instructions and other instructions have been added.
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2.2 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes.

Maximum 64 kbytes, program
and data areas combined

Normal mode*

CPU operating modes

Maximum 16 Mbytes, program

Ad d mod
vanced mode and data areas combined

Note: * Cannot be selected in H8/3069R

Figure2.1 CPU Operating Modes
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2.3 Address Space

Figure 2.2 shows a simple memory map for the H8/3069R. The H8/300H CPU can address a
linear address space with a maximum size of 64 kbytesin normal mode, and 16 Mbytesin
advanced mode. For further details see section 3.6, Memory Map in Each Operating Mode.

The 1-Mbyte operating modes use 20-bit addressing. The upper 4 bits of effective addresses are
ignored.

H'0000 H'00000 H'000000
H'FFFF
H'FFFFF
H'FFFFFF
a. 1-Mbyte mode b. 16-Mbyte mode
N J
Normal mode* Advanced mode

Note: * Cannot be selected in H8/3069R

Figure2.2 Memory Map
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24 Register Configuration

24.1 Overview

The H8/300H CPU has the internal registers shown in figure 2.3. There are two types of registers:

general registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 E1l R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 ES5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23 0

PC |

[Legend]

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

ul: User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

OsSNzcZIT

76543210
ccr |1 ullH|uln|z|vc]

Figure2.3 CPU Registers
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24.2 General Registers

The H8/300H CPU has eight 32-hit general registers. These general registers are all functionally
alike and can be used without distinction between data registers and address registers. When a
general register is used as a data register, it can be accessed as a 32-hit, 16-hit, or 8-hit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ER7).

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

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

Figure 2.4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

e Address registers
e 32-bit registers » 16-bit registers * 8-bit registers

E registers
— (extended registers)
EOto E7

ER registers RH registers
ERO to ERY ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure2.4 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.5 shows the
stack.

/\/

Free area

SP (ER7) —

Stack area

/\/

Figure2.5 Stack

24.3 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-bit condition code register
(CCR).

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

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

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. NMI is accepted
regardless of the | bit setting. The | bit is set to 1 at the start of an exception-handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details see section 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): Whenthe ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and cleared to O
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.
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Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC ingtructions.

Bit 3—Negative Flag (N): Storesthe value of the most significant bit of data, regarded asthe
sign bit.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data.

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

Bit'0—=CarryFlag(C): Set to 1 when acarry is generated by execution of an operation, and
cleared to O otherwise. Used by:

¢ Addinstructions, to indicate a carry
* Subtract instructions, to indicate a borrow
¢ Shift and rotate instructions

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

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul bits, see section 5, Interrupt Controller.

2.4.4 Initial CPU Register Values

In reset exception handling, PC isinitialized to avalue loaded from the vector table, and the | bit
in CCRisset to 1. The other CCR hits and the general registers are not initialized. In particular,
theinitial value of the stack pointer (ER7) is also undefined. The stack pointer (ER7) must
therefore beinitialized by an MOV .L instruction executed immediately after a reset.
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2.5 Data Formats
The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-hit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1,

2, ..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as
two digits of 4-bit BCD data.

251 General Register Data For mats

Figures 2.6 and 2.7 show the data formats in general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don'tcare |

1-bit data RnL : Don’t care EE

7 43 0

4-bit BCD data RnH Don't care .

7 43 0

4-bit BCD data RnL : Don't care

7 o
Byte data RnH I::j Don't care I
MSB ts8
________________ 7 0
Byte data RnL I Don’t care [::I
MSB LSB

[Legend]

RnH: General register RH
RnL: General register RL

Figure2.6 General Register Data Formats
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General

DataType Register  Data Format
15 0
Word data R L
MSB LSB
Word data En | L |
MSB LSB
Longword data ERn |
MSB LSB

[Legend]

ERn: General register
En:  General register E
Rn:  General register R
MSB: Most significant bit
LSB: Least significant bit

Figure2.7 General Register Data Formats
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252 Memory Data For mats

Figure 2.8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an
attempt is made to access word or longword data at an odd address, no address error occurs but
the least significant bit of the addressis regarded as 0, so the access starts at the preceding address.
This also appliesto instruction fetches.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M + 1

Address 2N

Address 2N + 1
Address 2N + 2
Address 2N + 3

7

Data Format

/\_/

0

7]e6|s]al3|2]1]0

MSB

LSB

MSB

LSB

MSB

LSB

/\/

Figure2.8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word

size or longword size.
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vivewe.DataSheetdU.com
Rev. 5.0, 09/04, page 27 of 978




2.6 Instruction Set

26.1 Instruction Set Overview
The H8/300H CPU has 62 types of instructions, which are classified in table 2.1.

Table2.1 Instruction Classification

Function Instruction Types

Data transfer MOV, PUSH*!, POP**, MOVTPE*?, MOVFPE*? 3

Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, 18
MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations AND, OR, XOR, NOT 4

Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
BIXOR, BLD, BILD, BST, BIST

Branch Bcc*?, IMP, BSR, JSR, RTS 5

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9

Block data transfer EEPMOV 1

Total 62 types
Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
2. Not available in the H8/3069R.
3. Bcc is a generic branching instruction.
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26.2

Instructions and Addressing Modes

Table 2.2 indicates the instructions available in the H8/300H CPU.

Table2.2 Instructionsand Addressing Modes
Addressing Modes
@ @ @ @
(d:16, (d:24, @ERn+/ @ @ @ (d:8, (d:16, @@

Function Instruction #xx Rn @ERn ERn) ERn) @-ERn aa8 aa:16 aa:24 PC) PC) aa:8 —
Data MOV BWL BWL BWL BWL BWL BWL B BWL BWL — — — —
transfer

POP, PUSH — — — — — — — — — — — — WL

MOVFPE, — — — — — — — — — _ _ _ _

MOVTPE
Arithm_etic ADD, CMP BWL BWL — — — — — — — — — — —
operations

SuB WL BWL — — — — — — — — — — —

ADDX, SUBX B B — — — — — — — — — — —

ADDS, SUBS — L — — — — — — — — — — —

INC, DEC — BWL — — — — — — — — — — —

DAA, DAS — B — — — — — — — — — — —

MULXU, — BW — — — — — — — — — — —

MULXS,

DIVXU,

DIVXS

NEG — BWL — — — — — — — — — — —

EXTU, EXTS — WL — — — — — — — — — — —
Logic AND, OR, XOR — BWL — — — — — — — — — — —
operations

NOT — BWL — — — — — — — — — — —
Shift instructions — BWL — — — — — — — — — — _
Bit manipulation — B B — — — B — — — — _ _
Branch Bcc, BSR — — — — — — — — — — — _ _

JMP, JSR — — O — — — — — — O O — _

RTS — — — — — — — — O — — O —
System TRAPA — — — — — — — — — — — — O
control RTE — — — — — — — — — — — — o

SLEEP — — — — — — — — — — — — O

LDC B B w w w w — w w — — — O

STC — B w W W w — w w — — — —

ANDC, ORC, B — — — — — — — — _ _ _ _

XORC

NOP — — — — — — — — — — — — O
Block data transfer — — — — — — — — — — — — BW
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26.3 Tables of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The operation notation
used in these tablesis defined next.

Operation Notation

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

ERN General register (32-bit register or address register)
(EAd) Destination operand
(EASs) 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

O AND logical

d OR logical

O Exclusive OR logical

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit data or address registers (ERO to ER7).

vivewe.DataSheetdU.com

Rev. 5.0, 09/04, page 30 of 978
RENESAS



Table2.3

Data Transfer Instructions

Instruction Size*

Function

MOV

B/WI/L

(EAs) - Rd, Rs - (EAd)

Moves data between two general registers or between a general register and
memory, or moves immediate data to a general register.

MOVFPE

(EAs) - Rd
Cannot be used in this LSI.

MOVTPE

Rs - (EAs)
Cannot be used in this LSI.

POP

WiIL

@SP+ - Rn

Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. Similarly, POP.L ERn is identical to MOV.L @SP+, ERn.

PUSH

WiIL

Rn - @-SP

Pushes a general register onto the stack. PUSH.W Rn is identical to MOV.W
Rn, @-SP. Similarly, PUSH.L ERn is identical to MOV.L ERn, @-SP.

Note:

*

Size refers to the operand size.

B: Byte
wW:  Word
L: Longword
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Table2.4  Arithmetic Operation Instructions

Instruction Size* Function

ADD,SUB B/W/L Rd*Rs - Rd, Rd *#MM - Rd

Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data cannot
be subtracted from data in a general register. Use the SUBX or ADD
instruction.)

ADDX, B Rd+Rs+C - Rd,Rd+#IMM = C - Rd

SUBX Performs addition or subtraction with carry or borrow on data in two general

registers, or on immediate data and data in a general register.

INC, B/W/L Rd*1l - Rd, Rd+x2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands can

be incremented or decremented by 1 only.)

ADDS, L Rd+1 - Rd,Rd+2 - Rd,Rd+4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.
DAA, B Rd decimal adjust — Rd

DAS

Decimal-adjusts an addition or subtraction result in a general register by
referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - Rd

Performs unsigned multiplication on data in two general registers:
either 8 bits x 8 bits - 16 bits or 16 bits x 16 bits - 32 bits.

MULXS B/W Rd xRs - Rd

Performs signed multiplication on data in two general registers:
either 8 bits x 8 bits - 16 bits or 16 bits x 16 bits - 32 bits.

DIVXU B/W Rd+Rs -~ Rd

Performs unsigned division on data in two general registers: either 16 bits +
8 hits — 8-hit quotient and 8-bit remainder or 32 bits + 16 bits - 16-bit
quotient and 16-bit remainder

DIVXS B/W Rd+Rs - Rd

Performs signed division on data in two general registers: either 16 bits + 8
bits - 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits - 16-bit
quotient and 16-bit remainder

CMP B/W/L Rd-Rs, Rd-#IMM

Compares data in a general register with data in another general register or
with immediate data, and sets CCR according to the result.

NEG B/W/L O0-Rd - Rd

Takes the two’s complement (arithmetic complement) of data in a general
register.
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Instruction Size*  Function

EXTS Wi/L Rd (sign extension) —» Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by extending the sign bit.

EXTU WI/L Rd (zero extension) - Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by padding with zeros.

Note: * Size refers to the operand size.
B: Byte
wW:  Word
L: Longword

Table25 Logic Operation Instructions

Instruction Size* Function

AND B/W/L RdORs - Rd, Rd O#IMM - Rd

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

OR B/W/L RdORs - Rd, Rd O#IMM - Rd

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

XOR B/W/L RdORs - Rd, Rd O #IMM - Rd

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

NOT B/W/L -Rd - Rd

Takes the one's complement (logical complement) of general register
contents.

Note: * Size refers to the operand size.

B: Byte
wW:  Word
L: Longword
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Table2.6  Shift Instructions

Instruction Size* Function

SHAL, B/W/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on general register contents.
SHLL, B/W/L Rd (shift) - Rd

SHLR Performs a logical shift on general register contents.
ROTL, B/W/L Rd (rotate) — Rd

ROTR

Rotates general register contents.

ROTXL,---B/MWI/L - Rd (rotate) — Rd

ROTXR Rotates general register contents, including the carry bit.

Note: * Size refers to the operand size.

B: Byte
wW:  Word
L: Longword
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Table2.7

Instruction Size*

Bit Manipulation I nstructions

Function

BSET

B

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

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BCLR

0 - (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to 0. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BNOT

- (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

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

BTST

- (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit immediate
data or the lower 3 bits of a general register.

BAND

C O(<bit-No.> of <EAd>) — C

ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND

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

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

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

BOR

C O(<bit-No.> of <EAd>) - C

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

BIOR

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

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

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

BXOR

C O (<bit-No.> of <EAd>) -~ C

Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIXOR

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

Exclusive-ORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.
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Instruction Size*  Function

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

BILD B - (<bit-No.> of <EAd>) -~ C

Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.

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

BST B C - (<bit-No.> of <EAd>)

Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B C - - (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a general
register or memory operand.

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

Note: * Size refers to the operand size.
B: Byte
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Table2.8

Instruction Size

Branching Instructions

Function

Bcc — Branches to a specified address if address specified condition is met. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High ciz=0
BLS Low or same chz=1
Bcc (BHS) Carry clear (high orsame) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONNDOWV)=0
BLE Less or equal ZONOV)=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

RENESAS
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Table 2.9

Instruction Size*

System Control Instructions

Function

TRAPA — Starts trap-instruction exception handling
RTE — Returns from an exception-handling routine
SLEEP — Causes a transition to the power-down state
LDC B/W (EAs) - CCR
Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory, data is
read by word access.
STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The condition code
register size is one byte, but in transfer to memory, data is written by word
access.
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.
Note: * Size refers to the operand size.

B:
W:  Word

Byte
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Table2.10 Block Transfer Instruction

Instruction Size Function

EEPMOV.B — if R4L # 0 then
repeat @ER5+ -~ @ER6+, R4AL-1 - RAL
until R4L =0
else next;

EEPMOV.W — if R4 # 0 then
repeat @ER5+ -~ @ER6+, R4-1 - R4
until R4=0
else next;

Block transfer instruction. This instruction transfers the number of data bytes
specified by R4L or R4, starting from the address indicated by ERS5, to the
location starting at the address indicated by ER6. At the end of the transfer,
the next instruction is executed.

264 Basic I nstruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OP field), aregister field (r field), an effective address extension (EA field), and a condition
field (cc field).

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

Register Field: Specifiesageneral register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

Effective Address Extension: 8, 16, or 32 hits specifying immediate data, an absolute address, or
adisplacement. A 24-bit address or displacement is treated as 32-bit data in which the first 8 bits
are 0 (H'00).

Condition Field: Specifiesthe branching condition of Bcc instructions.

Figure 2.9 shows examples of instruction formats.
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Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| o |

| ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension
op ‘
EA (disp)

m ‘ rm

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

Operation field, effective address extension, and condition field

op EA (disp)

cc ‘ BRA d:8

Figure2.9 Instruction Formats

2.6.5 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access registers
with write-only bits, or to access ports.

Step Description

1 Read Read one data byte at the specified address

2 Modify Modify one bit in the data byte

3 Write Write the modified data byte back to the specified address

Example 1. BCLR is executed to clear hit 0 in the port 4 data direction register (PADDR) under
the following conditions.

P47, P4g:  Input pins
P45 — P4g:  Output pins

Theintended purpose of this BCLR instruction is to switch P4 from output to input.

Before Execution of BCLR Instruction

P4, P4g P45 P4, P4, P4, P4, P4,
Input/output  Input Input Output  Output  Output Output  Output  Output
DDR 0 0 1 1 1 1 1 1
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Execution of BCLR Instruction
BCLR #0, @P4DDR ;Clear bit 0 in data direction register

After Execution of BCLR Instruction

P4, P4g P45 P4, P4, P4, P4, P4,
Input/output  Output  Output  Output  Output  Output  Output  Output Input
DDR 1 1 1 1 1 1 1 0

Explanation: Toexecute the BCLR instruction, the CPU begins by reading PADDR. Since
PADDR isawrite-only register, it isread as H'FF, even though its true value is H'3F.

Next the CPU clears bit 0 of the read data, changing the value to H'FE.
Finally, the CPU writesthis value (H'FE) back to PADDR to complete the BCLR instruction.

Asaresult, P4gDDR is cleared to 0, making P4 an input pin. In addition, P47;DDR and P4gDDR
are set to 1, making P47 and P4g output pins.

The BCLR instruction can be used to clear flagsin the on-chip registersto 0. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the
flag ahead of time.
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2.7 Addressing Modes and Effective Address Calculation

271 Addressing M odes

The H8/300H CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
BCLR;BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify abit
number in the operand.

Table2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16, ERn)/@(d:24, ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #xX:8/#XX:16/#xx:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8

1 Register Direct—Rn: Theregister field of the instruction code specifies an 8-, 16-, or 32-bit
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-hit registers.
RO to R7 and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specified as 32-bit
registers.

2 Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn), the lower 24 bits of which contain the address of the operand.

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-hit
displacement contained in the instruction code is added to the contents of an address register
(ERn) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of amemory operand. A 16-hit displacement is sign-extended when added.
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4 Register Indirect with Post-Increment or Pre-Decr ement—@ERN+ or @-ERN:

e Register indirect with post-increment—@ERN+
Theregister field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of a memory operand. After the operand isaccessed, 1, 2, or 4 is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

» Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in‘the instruction code, and the lower 24 bits of the result become the address of a memory
operand. The result is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the
resulting register value should be even.

5 Absolute Address—@aa: 8, @aa: 16, or @aa:24: The instruction code contains the absolute
address of amemory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 bitslong (@aa:24). For an 8-bit absolute address, the upper 16 bits are all
assumed to be 1 (H'FFFF). For a 16-hit absolute address the upper 8 bits are asign extension. A
24-hit absolute address can access the entire address space. Table 2.12 indicates the accessible
address ranges.

Table2.12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFO0 to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'0O7FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

6 Immediate—#xx:8, #xx:16, or #xx:32: Theinstruction code contains 8-bit (#xx:8), 16-bit
(#xx:16), or 32-hit (#xx:32) immediate data as an operand.

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. Theinstruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.
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7 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismode is used in the Bcc and
BSR instructions. An 8-hit or 16-bit displacement contained in the instruction codeis sign-
extended to 24 bits and added to the 24-hit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to

+32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value should
be an even number.

8 Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand.contains.a branch address. The memory operand is accessed by longword access. The
first byte of the memory operand isignored, generating a 24-bit branch address. See figure 2.10.
The upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is
0 to 255 (H'000000 to H'0000FF). Note that the first part of this range is also the exception vector
area. For further details see section 5, Interrupt Controller.

/\/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification

When aword-size or longword-size memory operand is specified, or when a branch addressis
specified, if the specified memory addressis odd, the least significant bit isregarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,
Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2.13 explains how an effective address is calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to
generate a 20-bit effective address.
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2.8 Processing States

2.8.1 Overview

The H8/300H CPU has five processing states: the program execution state, exception-handling
state, power-down state, reset state, and bus-released state. The power-down state includes sleep
mode, software standby mode, and hardware standby mode. Figure 2.11 classifies the processing
states. Figure 2.13 indicates the state transitions.

Processing ‘states F% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Bus-released state |

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

% Reset state |

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure2.11 Processing States
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282 Program Execution State

In this state the CPU executes program instructions in normal seguence.

283 Exception-Handling State

The exception-handling state is atransient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branches to that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at al times in the program execution state.

Table2.14 Exception Handling Typesand Priority

Priority  Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts immediately
when RES changes from low to high
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end of
exception handling* the current instruction or current
exception-handling sequence
Trap instruction When TRAPA instruction Exception handling starts when a trap
Low is executed (TRAPA) instruction is executed

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

Figure 2.12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.

Reset

External interrupts
Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure2.12 Classification of Exception Sources
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Bus request

End of bus release

End of bus

Program execution state>
release

SLEEP
instruction
with SSBY =0

Bus
request

Sleep mode >

»

C Bus-released state >

Exception
handling source

End of
exception
handling

S
with SSBY =1

|nterrup source LEEP instruction
NMI, IRQq, IRQ 5,
I or IRQ;, interrupt

<Excepti0n—handling statej< ‘ \%Software standby mode >

A

RES = "High"

Gardware standby mode *5

Power-down state

C "\ _STBY="High", RES ="Low"
Reset state "1

-

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs
whenever RES goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2.13 State Transitions
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284 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset state is
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
including NMI, are disabled during the reset exception-handling sequence and immediately after it
ends.

Interrupt Exception Handling and Trap Instruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushesthe
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) is set to 1, the CPU setsthe | bit in the condition code register to 1. If the UE bit
is cleared to 0, the CPU sets both the | bit and the Ul bit in the condition code register to 1. Then
the CPU fetches a start address from the exception vector table and execution branches to that
address.

Figure 2.14 shows the stack after the exception-handling sequence.

\\\‘_'/////”__“\\ \\\‘_'/////”__“\\

SP-4 SP (ER7) —» CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) -1 Stack area SP+4 Even

n B | address

\\\‘_’/////”—_“‘\\ \\\‘_’/////”__“\\

Before exception = After exception
handling starts Pushed on stack handling ends

Legend
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure2.14 Stack Structure after Exception Handling
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2.85 Bus-Released State

In this state the bus is rel eased to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU are the DMA controller, the DRAM interface, and an external
bus master. While the bus is released, the CPU halts except for internal operations. Interrupt
requests are not accepted. For details see section 6.10, Bus Arbiter.

2.8.6 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The
I"bit'in‘the condition' code register is set to 1 by areset. All interrupts are masked in the reset state.
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details see section 12,
Watchdog Timer.

2.8.7 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes: sleep
mode, software standby mode, and hardware standby mode.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY hit iscleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bhitissetto 1in SY SCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but aslong
as aspecified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The I/O ports aso remain in their existing states.

Hardware Standby Mode; A transition to hardware standby mode is made when the STBY input
goes low. Asin software standby mode, the CPU and all clocks halt and the on-chip supporting
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.

For further information see section 20, Power-Down State.
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29 Basic Operational Timing

29.1 Overview

The H8/300H CPU operates according to the system clock (g). The interval from onerise of the
system clock to the next rise isreferred to asa “state.” A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip
supporting modules, and the external address space. Access to the external address space can be
controlled by the bus controller.

292 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data bus is 16 bits wide, permitting both byte and
word access. Figure 2.15 shows the on-chip memory access cycle. Figure 2.16 indicatesthe pin
states.

Bus cycle

|
|
|

-— T, state %Tz state —»

: B W e W

Internal address bus X Address X

Internal read signal \ y
Internal data bus : : \
(read access) :>—< ‘Read data ;)—

Internal write signal ‘ ‘\—/7
Internal data bus : ( — >
(write access) J _Write data

Figure2.15 On-Chip Memory Access Cycle
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0 N W W

Address bus X Address X

AS, RD, HWR, LWR

D510 Do ‘

Figure2.16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bits wide,
depending on the internal /O register being accessed. Figure 2.17 shows the on-chip supporting
modul e access timing. Figure 2.18 indicates the pin states.

Bus cycle

|
|
[ -
el
|
|

-+— T, state % T, state % T3 state —»

Address bus Address

Internal read signal

Read

access |
) Internal write signal ‘\ ‘ / !

Write ! ;

access ; ; |

Internal data bus

.

Write déta

Internal data bus :>_< Read data

Figure2.17 Access Cyclefor On-Chip Supporting M odules
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Address bus X Address ><:

High impedance

D15 toDg

Figure2.18 Pin Statesduring Accessto On-Chip Supporting Modules

294 Accessto External Address Space

The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each areais accessed via an 8-bit or 16-bit bus, and whether it is accessed in
two or three states. For details see section 6, Bus Controller.
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Section 3 MCU Operating Modes

31 Overview

311 Operating Mode Selection

The H8/3069R has six operating modes (modes 1 to 5, 7) that are selected by the mode pins (MD,
to MD,) asindicated in table 3.1. The input at these pins determines the size of the address space
and the initial bus mode.

Table3.1 Operating Mode Selection

Description
Operating Mode Pins Initial Bus On-Chip  On-Chip
Mode MD, MD, MD, Address Space Mode** ROM RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 hits Disabled Enabled*’
Mode 2 0 1 0 Expanded mode 16 bits Disabled Enabled*’
Mode 3 0 1 1 Expanded mode 8 hits Disabled Enabled*’
Mode 4 1 0 0 Expanded mode 16 bits Disabled Enabled*’
Mode 5 1 0 1 Expanded mode 8 hits Enabled  Enabled*’
— 1 1 0 — — — —
Mode 7 1 1 1 Single-chip advanced — Enabled Enabled

mode

Notes: 1. In modes 1 to 5, an 8-bit or 16-bit data bus can be selected on a per-area basis by
settings made in the area bus width control register (ABWCR). For details see
section 6, Bus Controller.

2. If the RAME bit in SYSCR is cleared to 0, these addresses become external
addresses.

For the address space size there are two choices: 1 Mbyte or 16 Mbyte. The external databusis
either 8 or 16 bits wide depending on ABWCR settings. If 8-bit access is selected for all areas, 8-
bit bus mode is used. For details see section 6, Bus Controller.

Modes 1 to 4 are externally expanded modes that enable access to external memory and peripheral
devices and disable access to the on-chip ROM. Modes 1 and 2 support a maximum address space
of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes.
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Mode 5 is an externally expanded mode that enables access to external memory and peripheral
devices and also enables access to the on-chip ROM. Maode 5 supports a maximum address space
of 16 Mbytes.

Mode 7 are single-chip modes that operate using the on-chip ROM, RAM, and registers, and
makes all 1/0 ports available. Mode 7 supports a maximum address space of 1 Mbyte.

The H8/3069R can be used only in modes 1 to 5, 7. The inputs at the mode pins must select one of
these six modes. The inputs at the mode pins must not be changed during operation.

312 Register Configuration

The H8/3069R has a mode control register (MDCR) that indicates the inputs at the mode pins
(MD, to MD,), and a system control register (SY SCR). Table 3.2 summarizes these registers.

Table3.2 Registers

Address* Name Abbreviation R/W Initial Value
H'EEO11 Mode control register MDCR R Undetermined
H'EEO012 System control register SYSCR R/W H'09

Note: * Lower 20 bits of the address in advanced mode.
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3.2 Mode Control Register (MDCR)

MDCR is an 8-hit read-only register that indicates the current operating mode of the
H8/3069R.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
Reserved bits Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

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

Bits 7 and 6—Reserved: These bits can not be modified and are alwaysread as 1.
Bits 5 to 3—Reserved: These bits can not be modified and are always read as 0.

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the logic levels at pins
MD, to MD, (the current operating mode). MDS2 to MDSO correspond to MD, to MD,. MDS2 to
MDSO are read-only bits. The mode pin (MD, to MD,) levels are latched into these bits when
MDCR isread.

Note: A product with on-chip flash memory can operate in boot mode in which flash memory
can be programmed. In boot mode, the MDS2 bit indicates the logic level at pin MD,,
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3.3 System Control Register (SYSCR)

SY SCR isan 8-hit register that controls the operation of the H8/3069R.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ SSOE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1

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

|
RAM enable
Enables or
disables
on-chip RAM

Software standby output
port enable

Selects the output state

of the address bus

and bus control signals

in software standby mode

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use the Ul bitin CCR
as a user bit or an interrupt mask bit

Standby timer select 2to 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 20, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear
this bit, write 0.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits 6 to 4—Standby Timer Select 2to 0 (STS2 to STS0): These hits select the length of time
the CPU and on-chip supporting modules wait for the internal clock oscillator to settle when
software standby mode is exited by an external interrupt.

When using a crystal oscillator, set these bits so that the waiting time will be at least 7 ms at the
system clock rate.

For further information about waiting time selection, see section 20.4.3, Selection of Waiting
Time for Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)

Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 65,536 states

Waiting time = 131,072 states

Waiting time = 262,144 states

Waiting time = 1,024 states

PR R|Rr|o|lo|o
N E= =1 =]
Rl o|lr|lo|r|lo|kr

lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register asa
user bit or an interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

1 Ul bit in CCR is used as a user bit (Initial value)

Bit 2—NM|I Edge Select (NMIEG): Selectsthe valid edge of the NMI input.

Bit 2

NMIEG  Description

0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI
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Bit 1—Softwar e Standby Output Port Enable (SSOE): Specifies whether the address bus and
bus control signals (CS, to CS,, AS, RD, HWR, LWR, UCAS, LCAS, and RFSH) are kept as
outputs or fixed high, or placed in the high-impedance state in software standby mode.

Bit 1

SSOE Description

0 In software standby mode, the address bus and bus control signals are all high-
impedance (Initial value)

1 In software standby mode, the address bus retains its output state and bus control

signals are fixed high

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized by the rising edge of the RES signal. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

3.4 Operating Mode Descriptions

34.1 Mode 1

Ports 1, 2, and 5 function as address pins A , to A, permitting access to a maximum 1-Mbyte
address space. Theinitial bus mode after areset is 8 bits, with 8-bit accessto al areas. If at least
one areais designated for 16-bit accessin ABWCR, the bus mode switchesto 16 hits.

34.2 Mode 2

Ports 1, 2, and 5 function as address pins A, to A, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 16 bits, with 16-bit accessto all areas. If all
areas are designated for 8-bit accessin ABWCR, the bus mode switches to 8 bits.

34.3 Mode 3

Ports 1, 2, 5, and part of port A function as addresspins A, to A, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 8 bits, with 8-bit access to
all areas. If at least one areais designated for 16-bit accessin ABWCR, the bus mode switches to
16 bits. A, to A,, are valid when O iswritten in bits 7 to 5 of the bus release control register
(BRCR). (Inthismode A, is always used for address output.)
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3.4.4 Mode 4

Ports 1, 2, 5, and part of port A function as addresspins A, to A, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 16 hits, with 16-bit access
to all areas. If al areas are designated for 8-bit accessin ABWCR, the bus mode switches to

8 bits. A, to A, arevalid when O iswritten in bits 7 to 5 of BRCR. (In thismode A, is always
used for address output.)

3.4.5 Mode5

Ports1;' 2,5, and part of port A can function as address pins A, to A, permitting accessto a
maximum 16-Mbyte address space, but following areset they are input ports. To use ports 1, 2,
and 5 as an address bus, the corresponding bitsin their data direction registers (PLDDR, P2DDR,
and PSDDR) must be set to 1. For A, to A, output, write 0 in bits 7 to 4 of BRCR. Products with
on-chip flash memory support on-board programming which enables programming of the flash
memory. Theinitial bus mode after areset is 8 bits, with 8-bit accessto all aress. If at least one
areais designated for 16-bit accessin ABWCR, the bus mode switches to 16 bits.

3.4.6 Mode 7

This mode operates using the on-chip ROM, RAM, and registers. All 1/0O ports are available.
Mode 7 supports a 1-Mbyte address space.

Products with on-chip flash memory support on-board programming which enables programming
of the flash memory.
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35 Pin Functionsin Each Operating Mode

The pin functions of ports 1 to 5, A and port 6, vary depending on the operating mode. Table 3.3
indicates their functions in each operating mode.

Table3.3 Pin Functionsin Each Mode

Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 7
Portl A to A, A oA, A oA, A to A, P1,to P1*? P1,to P1,
Port2 A, t0A, A to A, A to A, A to A, P2, to P2 ** P2,to P2,
Port3 D, to D, D, to D, D, to D, D, to D, D, to D, P3, to P3,
Port4  P4,to P4 D, to D,** P4, to P4** D, to D** P4,to P4+ P4, to P4,
Port5 A t0A, A t0 A, A t0 A, A t0 A, P5, to P5** P5, to P5,
Port6, @ @° @° @¢° @¢° P6, **
Port A PA, to PA, PA, to PA, PAsgto PA,, PAeato PA,, PA, to PA** PA, to PA,
Ax Ax

Notes: 1. Initial state. The bus mode can be switched by settings in ABWCR. These pins function
as P4, to P4, in 8-bit bus mode, and as D, to D, in 16-bit bus mode.

2. Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.

3. Initial state. A, is always an address output pin. PA, to PA, are switched over to A, to
A, output by writing O in bits 7 to 5 of BRCR.

4. Initial state. PA, to PA, are switched over to A, to A,  output by writing 0 in bits 7 to 4 of
BRCR.

5. Initial state. In modes 1 to 5 @, can be set as P6, by writing 1 to bit 7 in MSTCRH. In
mode 7 P6, can be set to ¢ output by writing 0 to bit 7 in MSTCRH.
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3.6 Memory Map in Each Operating Mode

Figures 3.1 and 3.2 show memory maps of the H8/3069R. The address space is divided into eight
areas.

The EMC bit in BCR can be read and written to select either of the two memory maps. For details,
see section 6.2.5, Bus Control Register (BCR).

Theinitial bus mode differs between modes 1 and 2, and also between modes 3 and 4.

The address |ocations of the on-chip RAM and on-chip registers differ between the 1-Mbyte
modes (modes 1, 2, and 7), and the 16-M byte modes (modes 3, 4, and 5). The address range
specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and @aa: 16) aso
differs.

3.6.1 Note on Reserved Areas

The H8/3069R memory map includes reserved areas to which read/write accessis prohibited.
Note that normal operation is not guaranteed if the following reserved areas are accessed.

e Thereserved areain theinternal 1/0 register space.

The H8/3069R internal 1/0 register space includes a reserved area to which accessis
prohibited. For details see appendix B, Internal 1/0 Registers.
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Modes 1 and 2

Modes 3 and 4

(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
ACCL Sl v— . H000000 | \ectorarea |1 _ 9 °
------------- S - [ S -
84 |3 £2 |3
S£1%w S5 (89
H'000FF [----====-=----1 ~Eg |9 H'0000FF |------------1 -Eg |ad
L8 |2g 1c|®3
°5 |25 85|35
§5|9% £S5 (e
HO7TFFF| | - % 2y H'007FFF _____________,,,2,,2,,,,,
st O | Area0 Area 0
H'20000 Hi1FFFFF | __ L. __
e N | Areal H'200000
H'40000
HsFFFF | Area2 Area 1
H'60000 | External address | praq 3 H3FFFFF )
H7FFFF|____space.___|"7"=%9° H'400000
H'80000
HOFFFF|. ...l Areas Area 2
H'A0000 HS5FFFFF | __ L.
HBFFFE| | Areas H'600000 ™~ External
:82&?:?: Area 6 address Area 3
= JUN H7PFFFR|  SP3% 1
HEE000 ea H'800000
Internal 1/O Area 4
weeorr| registers ) HOFFFFF| |
External address H'A00000
space
H'F8000 [F-----------FT--"--9""-- Area 5
, HBFFFFF|_ __ | _________
:,Eggg o |8 H'C00000
On-chip RAM* o ]
HEEFQQ |- ------=---1 - ? I Area 6
o 3 HDFFFFF|_ _ 1 ____
HEFFLF 3 |E H'E00000
HFFF20 [ emaiio || ¢ |2
nternal 2 3 H'FEE000 Area 7
registers (2) S 2 Internal 1/0
H'FFFE9 2 |= registers (1)
H'FFFEA| External ® o H'FEEOFF
address a8 Q External address
H'FFFFF space R A H'FF8000 |....5Pa€ | .
H'FFBF1F
H'FFBF20
On-chip RAM* [ @ g
H'FFFFOO [7======"="""1 T |8
(9] et
H'EFFF1F s |2
H'FFFF20 T |©
Internal /0 @ &
registers (2) 5 |2
H'FFFFE9 2 |a
HFFFFEA External 3 s
address s |2
H'FFFFFF Space L

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1(1) H8/3069R Memory Map in Each Operating Mode (EMC = 1)
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Mode 5
(16-Mbyte expanded mode with
on-chip ROM enabled)

Mode 7
(single-chip advanced mode)

H'000000 e H'00000 T4 "1~
Vector area 3 Vector area 2
_____________ Scn |2 eeeeeeee---] | B0 |2
23|12 92 |3
H'0000FF | ___________] 183589 HOOOFF | ... 123528
I®|®Q . I® | ®P
55|89 On-chip ROM 55|59
On-chip ROM e} Ie]
P §5|9% §5 9%
HOO7FFF || =2y HO7FFF |- e 28y
H'O7FFFF
H'080000 ,
HIFFFFF| | Areald H7FFFF
H200000
H3FFFFF| | Areal
H'400000
HSFFFFF| .| Area2
H'600000 | External address
H7FFFFF| ___space __|Areas3
H'800000
HOFFFFF|. ... | Aread
H'A00000
HBFFFFF| ... | Area5
H'C00000 g
. Area 6 H'EE000
HDFFFFF| LT Internal 1/O
H'E00000 Area 7 registers (1)
H'EEOFF
H'FEEO00
Internal 1/0 H'F8000 -------""-"""-""""77 S
registers (1) a
H'FEEOFF . a
) Exterr;alaigdress HFBF20 On-chip RAM 2 a‘_ua’
H'FF8000 | ___S pace o H'FFFOO [------------ T8 §
H'FFBF1F HFFF1F 3 |g
H'FFBF20 i » H'FFF20 & (2
.  On-chip RAM* | g b Internal /O > 2
H'FFFF00 8 g registers(2) 2 |®
HFFFF1F 3 |5 HFFFE9 g |2
H'FFFF20 Internal /O @ g = =1
H'EFEFEQ registers (2) % % — >
HFFFFEA 2 |g 0 WPt 3
External < <
address = =
space ® &
HFFFFFFL_______ Y ____1¥=s —_

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1(2) H8/3069R Memory Map in Each Operating Mode (EMC = 1)
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Modes 1 and 2

(1-Mbyte expanded modes with

on-chip ROM disabled)

Modes 3 and 4

(16-Mbyte expanded modes with
on-chip ROM disabled)

\ > .
H00000 Vector area 58e H000000 Vector area 5 § %
-------------- %g ?,w T %9-(,3 9"7
HOOOFF | oo, 1888 H'0000FF | ____________. 1EZ IR
55|58 55|55
EC |6 E2|&T
[ Q - © @ S — ®©
HO7FFF | ... 28y __ HOO7FFF | ... 28y __
HasEE Lo ) Areald Area 0
H'20000 H1FFFFF | |
H3FFFF | .| Areal H200000
H'40000
HSFRFF | L Areaz Area 1
H'60000 External address | Area 3 H3FFFFF | Ll __
H7FFFF | ____ ¢ space ____| " H'400000
H'80000
HOFFFF || Aread Area 2
H'A0000 K
Area 5 HS5FFFFF | L.
EESSOF('): ________________________ H'600000
Area 6 External address
HDFFFF | ____________|7™"%%° space Area 3
H'E0000 Area 7 H7FFFFF | | .
H'EE000 H'800000
Internal I/O Area 4
P registers (1) H'OFFEEF
External address H'A00000
______ space |l _______ Area 5
H'F8000 rea
HBFFFFF | _ L.
H'FBEDF H'C00000
H'FBEEO 4
On-chip RAM* 8 Area 6
o HDFFFFF| L.
H'EFE7E 3 H'E00000
H'EFES0 Internal I/O s Area 7
registers (2 I
wereeE Lroostes@ | E H'FEE000
H'FFF00 | External address 2 Internal /0
space 3 registers (1)
. = H'FEEOFF
E_EEE;S % o ﬁ External address
-chi * S space
' On-chip RAM é o |- H'EF8000 F----"Tommmmmmt oo
H'FFFDF c 2
HFFFEO | Internal /O =35 H'FFBEDF
. registers (3) D3y H'EFBEEO "
H'FFFFF On-chip RAM* @
8
HFFFE7F ke
H'FFFES0 Internal I/O § E
registers (2) 2 Q
H'FFFEFF +£ |3
HFFFFO0 | External address | 1 5 2
space o | @
HFFFF7F 5 |z
H'FFFF80 On-chip RAM* g :5
H'FFFFDF o
H'FFFFEO Internal I/O S
registers (3) ]
HFFFFFF L—o—— It Y .

Note: * This area becomes external address space when on-chip RAM is disabled.

Figure3.2(1) H8/3069R Memory Map in Each Operating Mode (EMC = 0)
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Mode 5 Mode 7
(16-Mbyte expanded mode with (single-chip advanced mode)
on-chip ROM enabled)

H'000000 [ .~ Tk oid_~ H'00000 e
Vector area =3l Vector area BHlL
own |5
.............. o0 |2 e ——— (S =]
<128 SE (30
H'0000FF | ... 1EZ (R H000FF | ______....._. 1£35 |88
e |58 Ss|58
onchipRom | £8 |83 onchipROM | EE |28
ol 8 |
HOO7FFF | oo 28y HOTFFF | oo L 280
H'O7FFFF
H'080000
Area 0 H'7FFFF
HA1FFFFF [ L.
H'200000
Area 1
H3FFFFF | _ L. ____
H'400000
External address | preq 2
space
HSFFFFF | L.
H'600000
Area 3
H7FFFFF [ L.
H'800000 H'EE000
Area 4 Internal 1/0
— registers (1)
S S I H'EEOFF
Area 5 H'F8000 R S
HBFFFFF | _ L. ____ i
H'C00000 H'FBEEO A
")
Area 6 On-chip RAM* '8
HDFFFFF| | .. . e
H'E00000 H'FFE7F K
Area 7 H'FFE80 Internal I/O ! %
, registers (2) 1=
H'FEE000 ' '3
Internal I/O HFFEFF | %
registers (1) HFFF80 T =
H'FEEOFF On-chi " 2,12
External address n-chip RAM 2819
'FF8000 [----" e H'FFFDF g2
H'FF8000 HFFFEO |  Internal IO £5 !
, registers (3) =l
H{EFBEDF ) A
On-chip RAM* 2
1%
[}
HFFFE7F o |3
H'FFFE8S0 Internal I/O o IS
registers (2) @ o
H'FFFEFF < |3
HFFFFOO | External address| | 5 2
space ° £
H'EFFFE7F 5 |z
HFFFF80 | onchiprave || 8 |4
) —
H'FFFFDF s
H'FFFFEO Internal /O a
registers (3) ©

HFFFFFFL————~ 1'% .

Note: * This area becomes external address space when on-chip RAM is disabled.

Figure3.2(2) H8/3069R Memory Map in Each Operating Mode (EMC = 0)
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Section 4 Exception Handling

41 Overview

41.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneoudly, they are accepted and processed in priority order. Trap instruction exceptions are
accepted at all timesin the program execution state.

Table4.1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES pin
Interrupt Interrupt requests are handled when execution of the current

instruction or handling of the current exception is completed

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

41.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows.

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. The CCR interrupt mask bit isset to 1.

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

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

The exception sources are classified as shown in figure 4.1. Different vectors are assigned to
different exception sources. Table 4.2 lists the exception sources and their vector addresses.

* Reset
External interrupts: NMI, IRQ to IRQg
Exception
sources . Interrupts
Internal interrupts: 36 interrupts from on-chip
« Trap instruction supporting modules

Figure4.1 Exception Sources
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Table4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address**

Advanced Mode

Normal Mode*®

Reset 0 H'0000 to H'0003 H'0000 to H'0001
Reserved for system use 1 H'0004 to H'0007 H'0002 to H'0003
2 H'0008 to H'000B H'0004 to H'0005
3 H'000C to H'O00F H'0006 to H'0007
4 H'0010 to H'0013 H'0008 to H'0009
5 H'0014 to H'0017 H'000A to H'000B
6 H'0018 to H'001B H'000C to H'000D
External interrupt (NMI) 7 H'001C to H'001F H'000E to H'000F
Trap instruction (4 sources) 8 H'0020 to H'0023 H'0010 to H'0011
9 H'0024 to H'0027 H'0012 to H'0013
10 H'0028 to H'002B H'0014 to H'0015
11 H'002C to H'002F H'0016 to H'0017
External interrupt IRQ, 12 H'0030 to H'0033 H'0018 to H'0019
External interrupt IRQ, 13 H'0034 to H'0037 H'001A to H'001B
External interrupt IRQ, 14 H'0038 to H'003B H'001C to H'001D
External interrupt IRQ, 15 H'003C to H'003F H'001E to H'0O01F
External interrupt IRQ, 16 H'0040 to H'0043 H'0020 to H'0021
External interrupt IRQ, 17 H'0044 to H'0047 H'0022 to H'0023
Reserved for system use 18 H'0048 to H'004B H'0024 to H'0025
19 H'004C to H'004F H'0026 to H'0027
Internal interrupts** 20 H'0050 to H'0053 H'0028 to H'0029
to to to
63 H'00FC to H'0OOFF  H'007E to H'007F

Notes: 1. Lower 16 bits of the address.
2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.

3. Cannot be selected in H8/3069R.
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4.2 Reset

421 Overview

A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the
chip entersthe reset state. A reset initializes the internal state of the CPU and the registers of the
on-chip supporting modules. Reset exception handling begins when the RES pin changes from
low to high.

The chip can aso be reset by overflow of the watchdog timer. For details see section 12,
Watchdog Timer.

422 Reset Sequence
The chip enters the reset state when the RES pin goes low.

To ensure that the chip isreset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 20 system clock (¢) cycles. See appendix
D.2, Pin States at Reset, for the states of the pinsin the reset state.

When the RES pin goes high after being held low for the necessary time, the chip starts reset
exception handling as follows.

e Theinterna state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1in CCR.

» The contents of the reset vector address (H'0000 to H'0003 in advanced mode, H'0000 to
H'0001 in normal mode) are read, and program execution starts from the addressindicated in
the vector address.

Note: The normal mode cannot be selected in the H8/3069R

Figure 4.2 shows the reset sequencein modes 1 and 3. Figure 4.3 shows the reset sequencein
modes 2 and 4.

* After power isturned on, hold the RES pin low and the STBY pin high.
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Figure4.2 Reset Sequence (Modes 1 and 3)
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Internal

Vector fetch processing Prefetch of first

| program instruction

¢

RES | 1 A ;
Address bus >< 1) X ® >< ®) ><
RD 1 1 [ 1
HWR, LWR " High ! i :

D, to Dy ‘ B) : (4) — (6) 3
(1), (3) Address of reset vector: (1) = H'000000, (3) = H'000002

(2), (4) Start address (contents of reset exception handling vector address)

5) Start address

(6) First instruction of program

Note: After a reset, the wait-state controller inserts three wait states in every bus cycle.

4.2.3

Figure 4.3 Reset Sequence (Modes 2 and 4)

Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, PC and CCR
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after areset. Thefirst instruction of the programis
always executed immediately after the reset state ends. This instruction should initialize the stack
pointer (example: MOV.L #xx:32, SP).

vivewe.DataSheetdU.com

Rev. 5.0, 09/04, page 76 of 978

RENESAS




4.3 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQ, to IRQ,), and
36 internal sources in the on-chip supporting modules. Figure 4.4 classifies the interrupt sources
and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT),
DRAM interface, 16-bit timer, 8-bit timer, DMA controller (DMAC), seria communication
interface (SCI), and A/D converter. Each interrupt source has a separate vector address.

NM L isthe highest-priority interrupt and is always accepted*. Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt
priority registers A and B (IPRA and IPRB) in the interrupt controller.

Note: * NMI input is sometimes disabled when flash memory is being programmed or erased. For
details see section 18.4.5 Flash Vector Address Control Register (FVACR).

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts { IRQ, to IRQ; (6)
Interrupts WDT*1 (1)
DRAM interface*? (1)
16-bit timer (9)
8-bit timer (8)
DMAC (4)
SCI (12)
A/D converter (1)

Internal interrupts

Notes: Numbers in parentheses are the number of interrupt sources.
1. When the watchdog timer is used as an interval timer, it generates an interrupt request
at every counter overflow.
2. When the DRAM interface is used as an interval timer, it generates an interrupt request
at compare match.

Figure4.4 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE hit is
set to 1 in the system control register (SY SCR), the exception handling sequence setsthe | bit to 1
in CCR. If the UE hit is 0, the | and Ul bits are both set to 1. The TRAPA instruction fetches a
start address from a vector table entry corresponding to a vector number from 0 to 3, which is
specified in the instruction code.

vivewe.DataSheetdU.com

Rev. 5.0, 09/04, page 78 of 978
RENESAS



4.5

Stack Status after Exception Handling

Figure 4.5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

SP—4
SP-3
SP-2
SP-1
SP (ER7) —

SP—4
SP-3
SP-2
sP—1
SP (ER7) -

[Legend]
PCE:
PCH:
PCL:
CCR:
SP:

\\\\__—’/////”"‘“‘\\

Stack area

\\\\__—’/////””_‘“‘\\

SP (ER7) -
SP+1
SP+2
SP+3
SP+4

\\\‘__—’/////””““\\

CCR

CCR*2

PC 4

PC |

\\\\____’//////”"“\\\

Before exception handling ——— After exception handling
Pushed on stack

a. Normal mode*!

\\\\__—’/////”"‘“‘\\

Stack area

\\\\__—’/////””““\\

SP (ER7) -
SP+1
SP+2
SP+3
SP+4

\\\‘__—’/////””““\\

CCR
PCEe
PCwhx
PC |

\\\\~___’//////”"“\\\

Before exception handling ———  After exception handling
Pushed on stack

b. Advanced mode

Bits 23 to 16 of program counter (PC)
Bits 15 to 8 of program counter (PC)
Bits 7 to 0 of program counter (PC)
Condition code register

Stack pointer

Notes: 1. Cannot be selected in H8/3069R
2. Ignored at return.
« PC indicates the address of the first instruction that will be executed after return.
» Registers must be saved in word or longword size at even addresses.

Even address

Even address

Figure4.5 Stack after Completion of Exception Handling
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3069R regards the lowest address bit as 0.
The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP, ER7) should always be kept even.

Use the following instructions to save registers:
PUSHWRn  (or MOV.W Rn, @-SP)
PUSH.L ERNn (or MOV.L ERNn, @-SP)

Use the following instructions to restore registers:
POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERnN)

Setting SP to an odd value may lead to a malfunction. Figure 4.6 shows an example of what
happens when the SP value is odd.
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CCR SP —* R1L H'FFFEFA
sp— H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
H'FFFEFF
sP—=
TRAPA instruction executed MOV. B R1L, @-ER7
_
SP set to H'FFFEFF Data saved above SP CCR contents lost
[Legend]
CCR: Condition code register
PC: Program counter
R1L: General register R1L
SP: Stack pointer
Note: The diagram illustrates modes 3 and 4.
Figure4.6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features
The interrupt controller has the following features:

e Interrupt priority registers (IPRs) for setting interrupt priorities
Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
in interrupt priority registers A and B (IPRA and | PRB).

» Three-level masking by the | and Ul bitsin the CPU condition code register (CCR)

* Seven external interrupt pins

NMI has the highest priority and is always accepted*; either the rising or falling edge can be
selected. For each of IRQ, to IRQ,, sensing of the falling edge or level sensing can be selected
independently.

Note: * NMI input is sometimes disabled when flash memory is being programmed or erased. For
details see section 18.4.5 Flash Vector Address Control Register (FVACR).
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51.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

CPU
liscR| [ 1ER | | IPRA,IPRB |
NMI N
input
Y Y
— .| IRQ input -
IRQ input section ISR
Interrupt
OVF .|  Priority request -
TME decision logic
Vector
) > number
TEI : _
TEIE ‘
? .
CCR
ul
Interrupt controller ( L
UE
SYSCR
[Legend]
ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register

IPRA:  Interrupt priority register A
IPRB:  Interrupt priority register B
SYSCR: System control register

Figure5.1 Interrupt Controller Block Diagram
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513 Pin Configuration
Table 5.1 lists the interrupt pins.

Table5.1 Interrupt Pins

Name Abbreviation /O Function

Nonmaskable interrupt NMI Input Nonmaskable interrupt*, rising edge or

falling edge selectable

External interrupt request 5to 0 IRQ, to IRQ, Input Maskable interrupts, falling edge or level

sensing selectable

Note: * NMI inputis sometimes disabled when flash memory is being programmed or erased.
For details see section 18.4.5, Flash Vector Address Control Register (FVACR).

514 Register Configuration
Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address**  Name Abbreviation R/W Initial Value
H'EEO12 System control register SYSCR R/W H'09
H'EEQ014 IRQ sense control register ISCR R/W H'00
H'EE015 IRQ enable register IER R/W H'00
H'EE016 IRQ status register ISR RI(W)*? H'00
H'EE018 Interrupt priority register A IPRA R/W H'00
H'EE019 Interrupt priority register B IPRB R/W H'00
Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written, to clear flags.
www.DataSheetdU.com
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52 Register Descriptions

521 System Control Register (SYSCR)

SYSCR is an 8-bit readable/writable register that controls software standby mode, selectsthe
action of the Ul hit in CCR, selectsthe NMI edge, and enables or disables the on-chip RAM.

Only bits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCRiisinitialized to H'09 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ SSOE ‘ RAME ‘

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable

Software standby
output port enable

Standby timer NMI edge select
select 2to 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use the Ul bit in
CCR as a user bit or interrupt mask bit
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Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in CCR asauser bit or an
interrupt mask bit.

Bit 3

UE Description

0 Ul bitin CCR is used as interrupt mask bit

1 Ul bit in CCR is used as user hit (Initial value)

Bit 2—NMI Edge Select (NMIEG): Selects the NMI input edge.

Bit'2

NMIEG  Description

0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input

522 Interrupt Priority RegistersA and B (IPRA, IPRB)

IPRA and IPRB are 8-hit readable/writable registers that control interrupt priority.
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Interrupt Priority Register A (IPRA): IPRA isan 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0
‘ IPRA7 ‘ IPRAG ‘ IPRA5S ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
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
Priority
level AO
Selects the
priority level
of 16-bit timer
channel 2
interrupt
requests
Priority level Al
Selects the priority level
of 16-bit timer channel 1
interrupt requests

Priority level A2

Selects the priority level of
16-bit timer channel 0 interrupt
requests

Priority level A3

Selects the priority level of WDT,
DRAM interface, and A/D converter
interrupt requests

Priority level A4

Selects the priority level of IRQ, and IRQ 5
interrupt requests

Priority level A5
Selects the priority level of IRQ, and IRQ 5 interrupt requests

Priority level A6
Selects the priority level of IRQ interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7): Selectsthe priority level of IRQ, interrupt requests.

Bit 7

IPRA7 Description

0 IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAG): Selects the priority level of IRQ, interrupt requests.

Bit 6

IPRAG Description

0 IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level A5 (IPRAD): Selectsthe priority level of IRQ, and IRQ, interrupt requests.

Bit 5

IPRAS Description

0 IRQ, and IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, and IRQ, interrupt requests have priority level 1 (high priority)

Bit 4—Priority Level A4 (IPRA4): Selects the priority level of IRQ, and IRQ; interrupt requests.

Bit 4

IPRA4 Description

0 IRQ, and IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, and IRQ, interrupt requests have priority level 1 (high priority)
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Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WDT, DRAM interface, and A/D
converter interrupt requests.

Bit 3
IPRA3 Description
0 WDT, DRAM interface, and A/D converter interrupt requests have priority level 0
(low priority) (Initial value)
1 WDT, DRAM interface, and A/D converter interrupt requests have priority level 1

(high priority)

Bit' 2=Priority'LLevel A2 (IPRA2): Selectsthe priority level of 16-bit timer channel O interrupt
requests.

Bit 2

IPRA2 Description

0 16-bit timer channel 0 interrupt requests have priority level 0 (low priority) (Initial value)
1 16-bit timer channel 0 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRA1): Selectsthe priority level of 16-bit timer channel 1 interrupt
requests.

Bit 1

IPRAL Description

0 16-bit timer channel 1 interrupt requests have priority level 0 (low priority) (Initial value)
1 16-bit timer channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level AO (IPRAO): Selectsthe priority level of 16-bit timer channel 2 interrupt
requests.

Bit 0

IPRAO Description

0 16-bit timer channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 16-bit timer channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRB6 ‘ IPRB5 ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
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

Reserved bit

Priority level B1

Selects the priority level
of SCI channel 2 interrupt
requests

Priority level B2
Selects the priority level of
SCI channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
channel O interrupt requests

Reserved bit

Priority level B5
Selects the priority level of DMAC
interrupt requests (channels 0 and 1)

Priority level B6
Selects the priority level of 8-bit timer channel 2, 3 interrupt requests

Priority level B7
Selects the priority level of 8-bit timer channel O, 1 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selectsthe priority level of 8-bit timer channel O, 1 interrupt
requests.

Bit 7

IPRB7 Description

0 8-bit timer channel 0, 1 interrupt requests have priority level O (low priority)(Initial value)
1 8-bit timer channel 0, 1 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selects the priority level of 8-bit timer channel 2, 3 interrupt
requests.

Bit 6

IPRB6 Description

0 8-bit timer channel 2, 3 interrupt requests have priority level 0 (low priority)(Initial value)
1 8-bit timer channel 2, 3 interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level B5 (IPRB5): Selectsthe priority level of DMAC interrupt requests
(channels 0 and 1).

Bit 5

IPRB5 Description

0 DMAC interrupt requests (channels 0 and 1) have priority level O (Initial value)
(low priority)

1 DMAC interrupt requests (channels 0 and 1) have priority level 1 (high priority)

Bit 4—Reserved: This bit can be written and read, but it does not affect interrupt priority.
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Bit 3—Priority Level B3 (IPRB3): Selectsthe priority level of SCI channel O interrupt requests.

Bit 3

IPRB3 Description

0 SCI channel 0 interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 0 interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Selectsthe priority level of SCI channel 1 interrupt requests.

Bit 2

IPRB2 Description

0 SCI channel 1 interrupt requests have priority level 0 (low priority) (Initial value)
1 SCI channel 1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of SCI channel 2 interrupt requests.

Bit 1

IPRB1 Description

0 SCI channel 2 interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 2 interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: This bit can be written and read, but it does not affect interrupt priority.
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52.3  IRQ StatusRegister (ISR)

ISR is an 8-hit readable/writable register that indicates the status of IRQ, to IRQ, interrupt
requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/(W)  R/(Wy R/(Wy  R/I(W}  RI(W)F RI(WF
| |
Reserved bits IRQ;5 to IRQ flags

These bits indicate IRQ5 to IRQ
interrupt request status

Note: * Only O can be written, to clear flags.

ISRisinitialized to H'00 by areset and in hardware standby mode.
Bits 7 and 6—Reserved: These bits can not be modified and are always read as 0.

Bits5to 0—IRQ, to IRQ, Flags (IRQ5F to IRQOF): These bits indicate the status of IRQ, to
IRQ, interrupt requests.

Bits 5to 0

IRQ5F to IRQOF Description

0 [Clearing conditions] (Initial value)
0 is written in IRQNF after reading the IRQNF flag when IRQnF = 1.
IRQNSC = 0, IRQn input is high, and interrupt exception handling is carried out.
IRQNSC =1 and IRQn interrupt exception handling is carried out.

1 [Setting conditions]

IRQNSC = 0 and IRQn input is low.
IRQNSC =1 and IRQn input changes from high to low.

Note: n=5t00
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524 IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables IRQ, to IRQ, interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ5 to IRQ, enable

These bits enable or disable IRQ 5 to IRQ interrupt requests

IER isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Reserved: These bits can be written and read, but they do not enable or disable
interrupts.

Bits5to 0—IRQ, to IRQ, Enable (IRQ5E to IRQOE): These bits enable or disable
IRQ, to IRQ, interrupt requests.

Bits 5to 0

IRQ5E to IRQOE Description

0 IRQ, to IRQ, interrupt requests are disabled (Initial value)
1 IRQ, to IRQ, interrupt requests are enabled
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525 IRQ Sense Control Register (ISCR)

ISCR is an 8-hit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pins IRQ, to IRQ,.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQSSC‘ IRQ4SC‘ IRQ3SC‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
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
Reserved bits IRQ5 to IRQ sense control

These bits select level sensing or falling-edge
sensing for IRQ 5 to IRQ interrupts

ISCR isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Reserved: These bits can be written and read, but they do not select level or
falling-edge sensing.

Bits5to 0—IRQ, to IRQ, Sense Control (IRQ5SC to IRQOSC): These bits select whether
interrupts IRQ, to IRQ, are requested by level sensing of pinsIRQ, to IRQ,, or by falling-edge
sensing.

Bits 5to 0

IRQ5SC to IRQOSC Description

0 Interrupts are requested when IRQ, to mo inputs are low (Initial value)
1 Interrupts are requested by falling-edge input at IRQ, to IRQ,
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53 Interrupt Sources

The interrupt sources include external interrupts (NMI, IRQ, to IRQ,) and 36 internal interrupts.

531 External Interrupts

There are seven external interrupts: NMI and IRQ, to IRQ,. Of these, NMI, IRQ,, IRQ,, and IRQ,
can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the |
and Ul bitsin CCR*. The NMIEG bit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

Note: * NMI input is sometimes disabled when flash memory is being programmed or erased. For
details see section 18.4.5, Flash Vector Address Control Register (FVACR).

IRQ, to IRQ, Interrupts: These interrupts are requested by input signals at pinsIRQ, to IRQ..
The IRQ, to IRQ; interrupts have the following features.

* ISCR settings can select whether an interrupt is requested by the low level of theinput at pins
IRQ, to IRQ,, or by the falling edge.

* |ER settings can enable or disable the IRQ, to IRQ, interrupts. Interrupt priority levels can be
assigned by four bitsin IPRA (IPRA7 to IPRA4).

+ Thestatus of IRQ, to IRQ, interrupt requestsisindicated in ISR. The ISR flags can be cleared
to O by software.

Figure 5.2 shows a block diagram of interrupts IRQ, to IRQ..

IRQNSC IRQNE
l IRQNF
Edge/level - s Q IRQn interrupt
sense circuit request
. R
IRQnN input f

Clear signal

Note: n=5t00

Figure5.2 Block Diagram of InterruptsIRQ,to IRQ,
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQNF).

IRQnN
input pin

IRQNF

Note:n=5t0 0

Figure5.3 Timing of Setting of IRQnF

Interrupts IRQ, to IRQ, have vector numbers 12 to 17. These interrupts are detected regardless of
whether the corresponding pin is set for input or output. When using a pin for external interrupt
input, clear its DDR bit to 0 and do not use the pin for chip select output, refresh output, SCI
input/output, or A/D external trigger input.

532 Internal Interrupts
Thirty-Six internal interrupts are requested from the on-chip supporting modules.

» Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.

e Interrupt priority levels can be assigned in IPRA and IPRB.

* 16-hit timer, SCI, and A/D converter interrupt requests can activate the DMAC, in which case
no interrupt request is sent to the interrupt controller, and the | and Ul bits are disregarded.

533 Interrupt Vector Table

Table 5.3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after areset isthe default order
shown intable 5.3.
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Table5.3

Interrupt Sources, Vector Addresses, and Priority

Vector Address*?!

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode*? IPR Priority
NMI External 7 H'001C to H'001F H'O0OE to H'000F — High
IRQ, pins 12 H'0030 to H'0033 H'0018 to H0019 IPRA7 A
IRQ, 13 H'0034 to HO037 H'001A to H'001B IPRA6
IRQ, 14 H'0038 to H'003B H'001C to H'001D IPRA5
IRQ, 15 H'003C to H'003F H'001E to H'001F
IRQ, 16 H'0040 to H'0043 H'0020 to H'0021 IPRA4
IRQ; 17 H'0044 to H'0047 H'0022 to H'0023
Reserved — 18 H'0048 to H'004B H'0024 to H'0025

19 H'004C to H'004F H'0026 to H'0027
WOVI Watchdog 20 H'0050 to H'0053 H'0028 to H'0029 IPRA3
(interval timer) timer
CMI DRAM 21 H'0054 to H'0057 H'002A to H'002B
(compare match) interface
Reserved — 22 H'0058 to H'005B H'002C to H'002D
ADI (A/D end) AID 23 H'005C to H'005F H'002E to H'002F
IMIAO 16-bit timer 24 H'0060 to H'0063 H'0030 to H'0031 IPRA2
(compare match/  channel 0
input capture A0)
IMIBO 25 H'0064 to H'0067 H'0032 to H'0033
(compare match/
input capture BO)
OVIO (overflow 0) 26 H'0068 to H'006B H'0034 to H'0035
Reserved — 27 H'006C to H'006F H'0036 to H'0037
IMIAL 16-bit timer 28 H'0070 to H'0073 H'0038 to H'0039 IPRAL
(compare match/  channel 1
inputcapture Al)
IMIB1 29 H'0074 to H'0077 H'003A to H'003B
(compare match/
input capture B1)
OVI1 (overflow 1) 30 H'0078 to H'007B H'003C to H'003D
Reserved — 31 H'007C to H'007F H'003E to H'003F Low

RENESAS

vivewe.DataSheetdU.com
Rev. 5.0, 09/04, page 99 of 978



Vector Address*?!

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode*? IPR Priority
IMIA2 16-bit timer 32 H'0080 to H'0083 H'0040 to H'0041 IPRAQO High
(compare match/  channel 2 A
input capture A2)
IMIB2 33 H'0084 to H'0087 H'0042 to H'0043
(compare match/
input capture B2)
OVI2 (overflow 2) 34 H'0088 to H'008B H'0044 to H'0045
Reserved — 35 H'008C to H'008F H'0046 to H'0047
CMIAO 8-bit timer 36 H'0090 to H'0093 H'0048 to H'0049 IPRBY
(compare match  channel 0/1
A0)
CMIBO 37 H'0094 to H'0097 H'004A to H'004B
(compare match
BO)
CMIA1/CMIB1 38 H'0098 to H'009B H'004C to H'004D
(compare match
A1/B1)
TOVIO/TOVIL 39 H'009C to H'009F H'004E to H'004F
(overflow 0/1)
CMIA2 8-bit timer 40 H'00AO to H'0O0A3 H'0050 to H'0051 IPRB6
(compare match ~ channel 2/3
A2)
CMIB2 41 H'00A4 to H'0O0A7 H'0052 to H'0053
(compare match
B2)
CMIA3/CMIB3 42 H'00A8 to H'O0AB H'0054 to H'0055
(compare match
A3/B3)
TOVI2/TOVI3 43 H'00AC to H'00AF H'0056 to H'0057
(overflow 2/3)
DENDOA DMAC 44 H'00BO to H'00B3 H'0058 to H'0059 IPRB5
DENDOB 45 H'00B4 to H'00B7 H'005A to H'005B
DEND1A 46 H'00B8 to H'00BB H'005C to H'005D
DEND1B 47 H'00BC to H'00BF H'005E to H'005F
Reserved — 48 H'00CO0 to H'00C3 H'0060 to H'0061 —
49 H'00C4 to H'00C7 H'0062 to H'0063
50 H'00C8 to H'00CB H'0064 to H'0065
51 H'00CC to H'00CF H'0066 to H'0067 Low
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Vector Address*?!

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode*? IPR Priority
ERIO SCI 52 H'00DO to H'0O0D3 H'0068 to H'0069 IPRB3 High
(receive error 0)  channel O A
RXIO (receive 53 H'00D4 to H'0O0D7 H'006A to H'006B
data full 0)
TXIO (transmit 54 H'00D8 to H'00DB H'006C to H'006D
data empty 0)
TEIO 55 H'00DC to H'OODF H'006E to H'006F
(transmit end 0)
ERI1 SCI 56 H'00EO to H'0OE3 H'0070 to H'0071 IPRB2
(receive error 1) channel 1
RXI1 (receive 57 H'00E4 to H'00E7 H'0072 to H'0073
data full 1)
TXI1 (transmit 58 H'O0OES8 to H'00EB H'0074 to H'0075
data empty 1)
TEI1 (transmit 59 H'00EC to H'O0EF H'0076 to H'0077
end 1)
ERI2 SCI 60 H'00FO0 to H'O0OF3 H'0078 to H'0079 IPRB1
(receive error 2)  channel 2
RXI2 (receive 61 H'00F4 to H'OOF7 H'007A to H'007B
data full 2)
TXI2 (transmit 62 H'00F8 to H'0O0FB H'007C to H'007D
data empty 2)
TEI2 (transmit 63 H'00FC to H'OOFF H'007E to H'007F
end 2) Low

Notes: 1. Lower 16 bits of the address.
2. Cannot be selected in H8/3069R.
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54 Interrupt Operation

54.1 Interrupt Handling Process

The H8/3069R handles interrupts differently depending on the setting of the UE bit. When UE =
1, interrupts are controlled by the | bit. When UE = O, interrupts are controlled by the | and Ul
bits. Table 5.4 indicates how interrupts are handled for all setting combinations of the UE, I, and
Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states*. IRQ
interrupts and interrupts from the on-chip supporting modules have their own enable bits.
Interrupt requests are ignored when the enable bits are cleared to O.

Note: * NMI input is sometimes disabled. For details see section 18.4.5, Flash Vector Address
Control Register (FVACR).

Table54 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR

UE I Ul Description

1 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.

— No interrupts are accepted except NMI.

0 0 — All interrupts are accepted. Interrupts with priority level 1 have higher

priority.
1 0 NMI and interrupts with priority level 1 are accepted.

No interrupts are accepted except NMI.

UE = 1. Interrupts IRQ, to IRQ, and interrupts from the on-chip supporting modules can all be
masked by the | bit in the CPU’s CCR. Interrupts are masked when the | bit isset to 1, and
unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher priority.
Figure 5.4 is aflowchart showing how interrupts are accepted when UE = 1.
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1

Program execution state

Y

No
Interrupt requested?

==

Yes
Yes
No
1=0
_| Yes

Yes

Y
| Save PC and CCR |
Y
| -1 |
Y

| Read vector address |

v

Branch to interrupt
service routine

Figure5.4 ProcessUp to Interrupt Acceptancewhen UE =1
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If an interrupt condition occurs and the corresponding interrupt enable bitisset to 1, an
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same IPR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

Theinterrupt controller checksthe | bit. If the | bit is cleared to O, the selected interrupt
request is accepted. If the | bit isset to 1, only NMI is accepted; other interrupt requests are
held pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

In interrupt exception handling, PC and CCR are saved to the stack area. The PC valuethat is
saved indicates the address of the first instruction that will be executed after the return from
the interrupt service routine.

Next the | bitisset to 1 in CCR, masking all interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.

UE =0: Thel and Ul bitsin the CPU’s CCR and the IPR bits enable three-level masking of
IRQ, to IRQ, interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the | bit is cleared to 0.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both set to 1, and
are unmasked when either the | bit or the Ul bit is cleared to 0.

For example, if theinterrupt enable bits of all interrupt requests are set to 1, IPRA is set to
H'20, and IPRB is set to H'00 (giving IRQ, and IRQ, interrupt requests priority over other
interrupts), interrupts are masked as follows:

a If 1 =0, al interrupts are unmasked (priority order: NMI > IRQ, > IRQ, >IRQ, ...).
b. If I =1and Ul =0, only NMI, IRQ,, and IRQ, are unmasked.
c. IfI=1and Ul =1, al interrupts are masked except NMI.
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Figure 5.5 shows the transitions among the above states.

<0
a. All interrupts are - 1 Ul -0 b. Only NMI, IRQ>, and
unmasked ’ - IRQ3 are unmasked
Exception handling,

| «1,Ul <1
o Ul -0
Exception handling,
orUl «1

c. All interrupts are
masked except NMI

Figure5.5 Interrupt Masking State Transitions (Example)
Figure 5.6 isaflowchart showing how interrupts are accepted when UE = 0.

» If aninterrupt condition occurs and the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

* When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same IPR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

« Theinterrupt controller checksthe | bit. If the bit is cleared to O, the selected interrupt
request is accepted regardless of its IPR setting, and regardless of the Ul bit. If the |l bitisset to
1 and the Ul bitis cleared to 0, only NMI and interrupts with priority level 1 are accepted,;
interrupt requests with priority level 0 are held pending. If the | bit and Ul bit are both set to 1,
only NMI is accepted; all other interrupt requests are held pending.

*  When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

e Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from
the interrupt service routine.

* Thel and Ul bitsare set to 1 in CCR, masking all interrupts except NMI.

« The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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1

Program execution state

5

/

Interrupt requested?

No

No

Save PC and CCR

1

I «1,Ul <1

1

| Read vector address |

1

Branch to interrupt
service routine

Figure5.6 ProcessUp to Interrupt Acceptance when UE =0
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Interrupt Sequence

54.2

Figure 5.7 shows the interrupt sequence in mode 2 when the program code and stack are in an

external memory area accessed in two states via a 16-hit bus.
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