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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software, and
information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of
third parties by or arising from the use of Renesas Electronics products or technical information described in this document. No
license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of
Renesas Electronics or others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.
“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual

equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots etc.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-

crime systems; and safety equipment etc.
Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred by
you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard
them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of
microcomputer software alone is very difficult, please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility
of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.
Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws
and regulations.

9.  Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose
manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or regulations. You should not use Renesas
Electronics products or technology described in this document for any purpose relating to military applications or use by the
military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas Electronics
products or technology described in this document, you should comply with the applicable export control laws and regulations
and follow the procedures required by such laws and regulations.

10. It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places
the product with a third party, to notify such third party in advance of the contents and conditions set forth in this document,
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of
Renesas Electronics products.

11.  This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas
Electronics.

12.  Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document
or Renesas Electronics products, or if you have any other inquiries.

(Note 1)  “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2)  “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(2012.4)

Page iii of xxviii



General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LSI, an associated shoot-through current flows internally, and malfunctions may
occur due to the false recognition of the pin state as an input signal. Unused pins should
be handled as described under Handling of Unused Pins in the manual.

Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LS| is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become
stable. When switching the clock signal during program execution, wait until the target clock
signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization of
the clock signal. Moreover, when switching to a clock signal produced with an external
resonator (or by an external oscillator) while program execution is in progress, wait until
the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.
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1.

How to Use This Manual

Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this
LSI to the target users, i.e. those who will be using this LSI in the design of application
systems. Target users are expected to understand the fundamentals of electrical circuits, logic
circuits, and microcomputers.

This manual is organized in the following items: an overview of the product, descriptions of
the CPU, system control functions, and peripheral functions, electrical characteristics of the
device, and usage notes.

When designing an application system that includes this LSI, take all points to note into
account. Points to note are given in their contexts and at the final part of each section, and
in the section giving usage notes.

in the manual.

The list of revisions is a summary of major points of revision or addition for earlier versions.
It does not cover all revised items. For details on the revised points, see the actual locations

The following documents have been prepared for the H8S/20103R, H8S/20203R,

H8S/20223R, H8S/20323R, H8S/20115R, H8S/20215R, H8S/20235R, and H8S/20335R
Groups. Before using any of the documents, please visit our web site to verify that you have

the most up-to-date available version of the document.

Document Type

Contents

Document Title

Document No.

Data Sheet Overview of hardware and electrical — —
characteristics
User's manual for  Hardware specifications (pin H8S/20103R, H8S/20203R, This User's
Hardware assignments, memory maps, H8S/20223R, H8S/20323R, manual
peripheral specifications, electrical H8S/20115R, H8S/20215R,
characteristics, and timing charts) and H8S/20235R, H8S/20335R
descriptions of operation Groups User's Manual:
Hardware
User's manual for  Detailed descriptions of the CPU and  H8S/2600 Series, REJ09B0139

Software

instruction set

H8S/2000 Series
Software Manual

Application Note

Examples of applications and sample
programs

Renesas Technical
Update

Preliminary report on the specifications

of a product, document, etc.

The latest versions are available from our

web site.
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2. Description of Numbers and Symbols

Aspects of the notations for register names, bit names, numbers, and symbolic names in this
manual are explained below.

(1) Overall notation
In descriptions involving the names of bits and bit fields within this manual, the modules and
registers to which the bits belong may be clarified by giving the names in the forms
"module name"."register name"."bit name" or "register name"."bit name".

)

Register notation

The style "register name"_"instance number" is used in cases where there is more than one
instance of the same function or similar functions.

[Example] CMCSR_O: Indicates the CMCSR register for the compare-match timer of channel 0.

(3) Number notation
Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.

[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAOQ or OXEFAQ
Decimal: 1234

(4) Notation for active-low

An overbar on the name indicates that a signal or pin is active-low.
[Example] WDTOVF

4) ()

14.2.2 Compare Match Control/Status Register_0, _{ (CMCSR_0,)CMCSR_1)

CMCSR indicates compar ation, enables or disables interrupts, and selects the counter

ut clock. Generation ofla WDTOVE i ializes the TCNT value to 0. r
W

14.3.1 Interval Count Operation

‘When an internal clock is selected with the CKS1 and CKSO bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing using the selected clock. When values in
CMCNT and the compare match constant register (CMCOR) match, CMCNT i§ cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the CKS1 and CKSO0 bits are set '01 at this tipa€,
a f/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
RENESAS

()
Note: The bit names and sentences in the above figure are examples and have nothing to do
with the contents of this manual.
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3. Description of Registers
Each register description includes a bit chart, illustrating the arrangement of bits, and a table of
bits, describing the meanings of the bit settings. The standard format and notation for bit charts
and tables are described below.

[Bit Chart]
Bit:@ 13 12 1 10 9 8 7 6 5 4 3 2 1 0
| — — @2|ASID1 |A@| — | — | — | — | — | — | Q |ACMP2|ACMP1|ACMPO| IFE |
Initial value: 0 0 0 0 1 0 0 0 0 0 0 0 0 0
RW: RW | RW RW R RW ’@ RW RW RW RW RW RW RW RW RW
[Table of Bits] (") @) ®) @) ®)
Bit! Bit Name Initial Value R/W Description
15 - i Reserved
14 - i ( These bits are always read as 0. )
13to 11 ASID2 to All 0 R/W  Address Identifier
ASIDO These bits enable or disable the pin function.
10 - 0 R Reserved
This bit is always read as 0.
9 - 1 R Reserved

This bit is always read as 1.

— =
Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this
manual.
(1) Bit
Indicates the bit number or numbers.

In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.

Bit name
Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is
included (e.g., ASID[3:0]).
A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.
(3) Initial value
Indicates the value of each bit immediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined
(4) RIW
For each bit and bit field, this entry indicates whether the bit or field is readable or writable,
or both writing to and reading from the bit or field are impossible.
The notation is as follows:
R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.
Description
Describes the function of the bit or field and specifies the values for writing.

@

G
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4. Description of Abbreviations

The abbreviations used in this manual are listed below.

e Abbreviations specific to this product

Abbreviation Description

BSC Bus controller

CPG Clock pulse generator

INT Interrupt controller

SCI3 Serial communications interface 3
PMC Peripheral 1/0 mapping controller
WDT Watchdog timer

DTC Data transfer controller

ELC Event link controller

lca Inter IC bus interface 2

SSuU Synchronous serial communication unit
LVD Low-voltage detection circuits

e Abbreviations other than those listed above

Abbreviation Description

Bps Bits per second

CRC Cyclic redundancy check
DMA Direct memory access

Hi-Z High impedance

IO Input/output

IrDA Infrared Data Association
LSB Least significant bit

MSB Most significant bit

NC No connection

PLL Phase-locked loop

PWM Pulse width modulation
SFR Special function register
UART Universal asynchronous receiver/transmitter
VCO Voltage-controlled oscillator

All trademarks and registered trademarks are the property of their respective owners.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups Section 1 Overview

Section 1 Overview

1.1 Features

The H8S/Tiny series are CISC (complex instruction set computer) microcontrollers that
incorporate an H8S/2000 CPU, which has an internal 16-bit architecture and provides upward
compatibility with Renesas-original H8/300 and H8/300H CPUs.

The on-chip peripheral function modules include a data transfer controller, event link controller,
serial communication interface 3, I'C bus interface 2, synchronous serial communication unit,
hardware LIN communication interface, A/D and D/A converters, low-voltage detection circuit,
and versatile timers. These modules realize low-cost systems. The power consumption of these
modules can be controlled dynamically using power-down modes.

1.1.1  Applications

Examples of the applications include home appliances, office automation equipment, consumer
equipment, and industrial equipment.
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Section 1 Overview

H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

1.1.2  Overview of Functions

Table 1.1 lists the specifications of the products of this series.

Table 1.1  Overview of Functions

Module/
Classification Function Description
Memory ROM e Flash memory version
Program memory: 256 Kbytes, 192 Kbytes, 128 Kbytes, or 96
Kbytes
Number of program/erase times: 1000 times
Data flash: 4 Kbytes x two blocks
Number of program/erase times: 10000 times
RAM e Capacity: 12 Kbytes, 8 Kbytes
CPU CPU e 16-bit high-speed H8S/2000 CPU (CISC type)
Upwardly compatible with H8/300 and H8/300H CPUs at object
level
e General-register architecture (sixteen 16-bit general registers)
¢ Eight addressing modes
e 16-Mbyte address space
— Program: 16 Mbytes available
— Data: 16 Mbytes available
e 65 basic instructions including bit operation instructions, multiply
and divide instructions, bit manipulation instructions, and others
e Minimum instruction execution time: 50 ns (for an ADD
instruction) while system clock ¢ = 20 MHz and
V,=27t055V
Operating  Advanced single-chip mode
mode
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 1 Overview

Module/
Classification Function Description
Interrupt Interrupt e Nine external interrupt pins (NMI, and TRQ7 to IRQO)
(source) controller Internal interrupt sources
— 61 (H8S/20103R and H8S/20115R Groups)
— 67 (H8S/20203R and H8S/20215R Groups)
— 69 (H8S/20223R and H8S/20235R Groups)
— 74 (H8S/20323R and H8S/20335R Groups)
e Two interrupt control modes (specified by the interrupt control
register)
e Four interrupt priority orders specifiable (by setting the interrupt
priority register)
¢ Independent vector addresses
Clock Clock pulse e Two clock generation circuits: main and sub-clock oscillators
?g;g;’:ltor Three on-chip oscillators
— High speed: 40 MHz
— Low speed: 125 kHz
— Low speed dedicated for the WDT: 125 kHz
e Three power-down modes: sleep mode, software standby mode,
and module standby mode
Voltage Low-voltage Voltage drop detected
detection detection
circuit (LVD)
DMA Data e Transfer via any number of channels possible
::r:r?tsrﬁlrer e Three transfer modes
(DTC)
A/D converter  A/D e 10-bit resolution x eight to sixteen input channels
converter e Sample and hold function included
(ADC) e Conversion time: 2 us per channel
e Two operating modes: single mode and scan mode
e Three ways to start A/D conversion: software, timer trigger, and
external pin trigger.
D/A converter  D/A e 8-bit resolution x two input channels
converter
(DAC)
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Section 1 Overview

H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Module/
Classification Function

Description

Timers Timer RA 8 bits x one channel (with 8-bit prescaler)
Timer RB 8 bits x one channel (with 8-bit prescaler)
Timer RC 16 bits x one channel (only available with H8S/20103R,
H8S/20115R, H8S/20323R, and H8S/20335R Groups)
Timer RD 16 bits x two channels (per unit)
— Products of the H8S/20103R and H8S/20115R Groups have
one unit.
— Products of the H8S/20203R, H8S/20223R, H8S/20215R,
H8S/20235R, H8S/20323R, and H8S/20335R Groups have
two units.
Timer RE 8 bits x one channel with real-time clock function
Timer RG 16 bits x one channel with phase-counting mode
Watchdog 8 bit x one channel (on-chip low-speed OCO dedicated for the WDT)
timer (WDT)
8-bit timers 8 bits x two channels (dedicated for the average transfer rate
(TMR)*’ generator)
Serial interfaces Serial e Three channels (SCI3, SCI3_2, SCI3_X) (either for
communi- asynchronous or clock-synchronous communication)
cation e Full-duplex communication capability
interface 3 o  Any desired bit rate selectable
(SCI3) e [rDA (only available with channel 2)
e On-chip average transfer rate generator (channel X only)*'
Synchro- ¢ One channel (IIC2 and selection format)
nous serial e  Clock-synchronous communication with chip-select function
communi-
cation unit
(SSvU)
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 1 Overview

One channel (SSU and selection format)
Continuous transmission and reception possible

Module/
Classification Function Description
Serial interfaces I°C bus o

interface2 o

(nca)

Two transmission/reception formats

— I°C bus format: generates start and stop conditions in master
mode automatically, acknowledge bit, master or slave
operation

— Clock-synchronous serial format: no acknowledge bit, master
operation only

Hardware One channel (timer RA and SCI3 used)

LIN interface
Serial ¢ Realizes serial communications protocols where the signals are
communi- composed of a start frame and information frames
?nigcr)fgce X — Mater mode: output of break signals, detection of bus
(SCIX)*' conflicts
— Slave mode: output of break signals, data match detection
¢ Includes a dedicated timer
e Capable of LIN transfer
Event link controller (ELC) Events (interrupts) generated by peripheral modules can be

interconnected between modules, enabling cooperation between the
modules without CPU intervention.

CRC operation circuit (CRC)*' o
[ ]

CRC code generated for any desired data length in an 8-bit unit
CRC operation executed on eight bits in parallel
One of three generating polynomials selectable

CRC code generation for LSB-first or MSB-first communication
selectable

I/O ports .

I/O pins

— 55 (H8S/20103R and H8S/20115R Groups)

— 69 (H8S/20203R, H8S/20223R, H8S/20215R, and
H8S/20235R Groups)

— 88 (H8S/20323R and H8S/20335R Groups)

Pull-up resistors settable for all ports

LED driving capability

RO1UH0185EJ0300 Rev. 3.00
Sep 25, 2012
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Section 1 Overview

H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Module/

Classification Function Description

Packages .

64-pin QFP package (PLQP0O064KB-A)
— Former code: 64P6Q-A

— Body size: 10 x 10 mm

— Pin pitch: 0.50 mm

64-pin QFP package (PLQPO064GA-A)
— Former code: 64P6U-A

— Body size: 14 x 14 mm

— Pin pitch: 0.80 mm

80-pin QFP package (PLQPO080JA-A)
— Former code: FP-80W

— Body size: 14 x 14 mm

— Pin pitch: 0.65 mm

100-pin QFP package (PLQP0100KB-A)
— Former code: FP-100U

— Body size: 14 x 14 mm

— Pin pitch: 0.50 mm

Operating frequency/ o
Power supply voltage .

Operating frequency: 4 to 20 MHz
Power supply voltage: Vcc =2.7t0 5.5V, Avcc=2.7t0 5.5V

Operating ambient o
temperature (°C) .

—20 to +85°C (version N)
—40 to +85°C (version D)

Notes: 1. The 8-bit timers (TMR), channel X (SCI3_X) of serial communication interface 3, serial
communication interface X (SCIX), and the CRC operation circuit (CRC) are beyond the
scope of support by the E100 full emulator.

2. The H8S/20323R and H8S/20335R Groups are not supported by the E100 full

emulator.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 1 Overview

1.2

List of Products

Table 1.2 lists products of this series, and figure 1.1 shows how to read the part number.

Table 1.2  List of Products
ROM RAM

Group Part No. Capacity Capacity Package Remarks

H8S/20103R  R4F20103RNFA 128 Kbytes 8 Kbytes  PLQPO064KB-A  Version N
R4F20102RNFA 96 Kbytes 8 Kbytes  (-QFP1010-64)
R4F20103RNFB 128 Kbytes 8 Kbytes  PLQPOOB4GA-A
R4F20102RNFB 96 Kbytes 8 Kbytes  (LQFP1414-64)
R4F20103RDFA 128 Kbytes 8 Kbytes =~ PLQP0064KB-A  Version D
R4F20102RDFA 96 Kbytes 8 Kbytes  (-QFP1010-64)
R4F20103RDFB 128 Kbytes 8 Kbytes  PLQPOOS4GA-A
R4F20102RDFB 96 Kbytes 8 Kbytes  (LQFP1414-64)
R4F20103RNXXXFA 128 Kbytes 8 Kbytes =~ PLQPO064KB-A  Version N  Shipped after
R4F20102RNXXXFA 96 Kbytes 8 Kbytes  (-QFP1010-64) gf":ﬁ;ag;r;i”g
R4F20103RNXXXFB 128 Kbytes 8 Kbytes  PLQPO0B4GA-A ROMX
R4F20102RNXXXFB 96 Kbytes 8 Kbytes  (LQFP1414-64)
R4F20103RDXXXFA 128 Kbytes 8 Kbytes PLQPOO0B4KB-A  Version D
R4F20102RDXXXFA 96 Kbytes 8 Kbytes  (-QFP1010-64)
R4F20103RDXXXFB 128 Kbytes 8 Kbytes  PLQPO0B4GA-A
R4F20102RDXXXFB 96 Kbytes 8 Kbytes (-G P1414-64)

H8S/20203R  R4F20203RNFD 128 Kbytes 8 Kbytes PLQPOOSOJA-A  Version N
R4F20202RNFD 96 Kbytes 8 Kbytes  (-QFP1414-80)
R4F20203RDFD 128 Kbytes 8 Kbytes PLQPOOSOJA-A  Version D
R4F20202RDFD 96 Kbytes 8 Kbytes  (-QFP1414-80)
R4F20203RNXXXFD 128 Kbytes 8 Kbytes =~ PLQPO080JA-A  Version N  Shipped after
RAF20202RNXXXFD 96 Kbytes 8 Kbytes (-G P1414-80) gf":ﬁ;ag;r;i”g
R4F20203RDXXXFD 128 Kbytes 8 Kbytes PLQPOOBOJA-A  VersionD ROM*
RA4F20202RDXXXFD 96 Kbytes 8 Kbytes (-G P1414-80)
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Section 1

Overview

H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Group

Part No.

ROM
Capacity

RAM
Capacity

Package

Remarks

H8S/20223R

R4F20223RNFD

128 Kbytes

8 Kbytes

R4F20222RNFD

96 Kbytes

8 Kbytes

PLQPO0SO0JA-A
(LQFP1414-80)

Version N

R4F20223RDFD

128 Kbytes

8 Kbytes

R4F20222RDFD

96 Kbytes

8 Kbytes

PLQP0080JA-A
(LQFP1414-80)

Version D

R4F20223RNXXXFD

128 Kbytes

8 Kbytes

R4F20222RNXXXFD

96 Kbytes

8 Kbytes

PLQPO0SO0JA-A
(LQFP1414-80)

Version N

R4F20223RDXXXFD

128 Kbytes

8 Kbytes

R4F20222RDXXXFD

96 Kbytes

8 Kbytes

PLQPO0SO0JA-A
(LQFP1414-80)

Version D

Shipped after
programming
of the user
ROM#*

H8S/20323R

R4F20323RNFE

128 Kbytes

8 Kbytes

R4F20322RNFE

96 Kbytes

8 Kbytes

PLQP0100KB-A
(LQFP1414-100)

Version N

R4F20323RDFE

128 Kbytes

8 Kbytes

R4F20322RDFE

96 Kbytes

8 Kbytes

PLQP0100KB-A
(LQFP1414-100)

Version D

R4F20323RNXXXFE

128 Kbytes

8 Kbytes

R4F20322RNXXXFE

96 Kbytes

8 Kbytes

PLQP0100KB-A
(LQFP1414-100)

Version N

R4F20323RDXXXFE

128 Kbytes

8 Kbytes

R4F20322RDXXXFE

96 Kbytes

8 Kbytes

PLQP0100KB-A
(LQFP1414-100)

Version D

Shipped after
programming
of the user
ROM#*

H8S/20115R

R4F20115RNFA

256 Kbytes

12 Kbytes

R4F20114RNFA

192 Kbytes

12 Kbytes

PLQP0064KB-A
(LQFP1010-64)

Version N

R4F20115RNFB

256 Kbytes

12 Kbytes

R4F20114RNFB

192 Kbytes

12 Kbytes

PLQPO064GA-A
(LQFP1414-64)

R4F20115RDFA

256 Kbytes

12 Kbytes

R4F20114RDFA

192 Kbytes

12 Kbytes

PLQP0064KB-A
(LQFP1010-64)

Version D

R4F20115RDFB

256 Kbytes

12 Kbytes

R4F20114RDFB

192 Kbytes

12 Kbytes

PLQPO0B4GA-A
(LQFP1414-64)

R4F20115RNXXXFA

256 Kbytes

12 Kbytes

R4F20114RNXXXFA

192 Kbytes

12 Kbytes

PLQP0064KB-A
(LQFP1010-64)

Version N

R4F20115RNXXXFB

256 Kbytes

12 Kbytes

R4F20114RNXXXFB

192 Kbytes

12 Kbytes

PLQPO064GA-A
(LQFP1414-64)

R4F20115RDXXXFA

256 Kbytes

12 Kbytes

R4F20114RDXXXFA

192 Kbytes

12 Kbytes

PLQP0064KB-A
(LQFP1010-64)

Version D

R4F20115RDXXXFB

256 Kbytes

12 Kbytes

R4F20114RDXXXFB

192 Kbytes

12 Kbytes

PLQPO0B4GA-A
(LQFP1414-64)

Shipped after
programming
of the user
ROM#*
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

H8S/20215R, H8S/20235R, H8S/20335R Groups Section 1 Overview
ROM RAM

Group Part No. Capacity Capacity Package Remarks

H8S/20215R  R4F20215RNFD 256 Kbytes 12 Kbytes PLQP0080JA-A Version N
R4F20214RNFD 192 Kbytes 12 Kbytes (LQFP1414-80)
R4F20215RDFD 256 Kbytes 12 Kbytes PLQP0080JA-A Version D
R4F20214RDFD 102 Kbytes 12 Kbytes  (-QFP1414-80)
R4F20215RNXXXFD 256 Kbytes 12 Kbytes PLQPO080JA-A  Version N  Shipped after
R4F20214RNXXXFD 192 Kbytes 12 Kbytes (-G P 1414-80) 2;‘:3:‘&[::”9

R4F20215RDXXXFD 256 Kbytes 12 Kbytes PLQPO0BOJA-A  VersionD  ROM*
R4F20214RDXXXFD 192 Kbytes 12 Kbytes (-G P 1414-80)

H8S/202356R R4F20235RNFD 256 Kbytes 12 Kbytes PLQPO0SBOJA-A  Version N
R4F20234RNFD 102 Kbytes 12 Kbytes  (-QFP1414-80)
R4F20235RDFD 256 Kbytes 12 Kbytes PLQPOOBOJA-A  Version D
R4F20234RDFD 102 Kbytes 12 Kbytes  (-QFP1414-80)
R4F20235RNXXXFD 256 Kbytes 12 Kbytes PLQPO080JA-A  Version N  Shipped after
R4F20234RNXXXFD 192 Kbytes 12 Kbytes (- P 1414-80) g;‘:ﬁ;ag::”g
R4F20235RDXXXFD 256 Kbytes 12 Kbytes PLQPOOBOJA-A  VersionD ROM*
R4F20234RDXXXFD 192 Kbytes 12 Kbytes (- P 1414-80)

H8S/20335R  R4F20335RNFE 256 Kbytes 12 Kbytes PLQPO100KB-A  Version N
R4F20334RNFE 102 Kbytes 12 Kbytes  (-QFP1414-100)
R4F20335RDFE 256 Kbytes 12 Kbytes PLQPO100KB-A  Version D
R4F20334RDFE 102 Kbytes 12 Kbytes (-QAFP1414-100)
R4F20335RNXXXFE 256 Kbytes 12 Kbytes PLQPO100KB-A  Version N  Shipped after
R4F20334RNXXXFE 192 Kbytes 12 Kbytes (-QF P 1414-100) g;‘:ﬁ;ag::”g

R4F20335RDXXXFE 256 Kbytes 12 Kbytes PLQPO100KB-A  VersionD ROM*
R4F20334RDXXXFE 192 Kbytes 12 Kbytes (-QF P 1414-100)

Note: * These are shipped after programming of the user ROM number.
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Section 1 Overview

H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Partnumber R 4

N XX FA

| Package type

FA: PLQP0064KB-A (64-pin version) or FB: PLQP0064GA-A (64-pin version)
FD: PLQPO080JA-A (80-pin version) or FE: PLQP0O100KB-A (100-pin version)

ROM number

Operating temperature
N: -20°C to +85°C

D: -40°C to +85°C
Product-specific code
H8S/20103R

Memory type

F: On-chip flash memory

Product classification
4: Microcomputer

Indicates Renesas semiconductor product

Figure 1.1 How to Read the Part Number
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 1 Overview

1.3

Block Diagram
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Figure 1.2 Block Diagram of the H8S/20103R and H8S/20115R Groups
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Section 1 Overview

H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups
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Figure 1.3 Block Diagram of the H8S/20203R and H8S/20215R Groups
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 1 Overview
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Figure 1.4 Block Diagram of the H8S/20223R and H8S/20235R Groups
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

Section 1 Overview H8S/20215R, H8S/20235R, H8S/20335R Groups
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Figure 1.5 Block Diagram of the H8S/20323R and H8S/20335R Groups
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 1 Overview
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Figure 1.6 Pin Assignment of the H8S/20103R and H8S/20115R Groups
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Section 1 Overview

H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

H8S/20215R, H8S/20235R, H8S/20335R Groups
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Figure 1.7 Pin Assignment of the H8S/20203R and H8S/20215R Groups
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 1 Overview

NN NN NN

[2 < B! SI T T - -9 Qo9
On< w0 00D <AO0d<
COoOO0BYy oaoXid ©0000000O0KX
FFFIEE XXOE FFFFFFFFO
LLlbizls ETZQlE Ll o
O O T O NOAN—TOFT I OO FTOAN— O O
0O OO0~ AN AN ANANAN OO O© O O O© O O O O A
fAAaAodAaaoAoAAA0Q>0000000aQaoin
o000 00000000M00Mmrm
BBBBEBBIVRRISTBIIRFTLLYIQYT
P97/FTIOD3 6t 20
POO/FTIOA2 e 9
P91/FTIOB2 []63 38
P92/FTIOC2 |64 37
P93/FTIOD2 []65 36
PA4/ANO_2 []e6 35
PA5/AN1_2 |67
- H8S/20223R Group ¥
PA6/AN2_2 |68 3B
H8S/20235R Group
PA7/AN3_2 []|69 2
PLQPO080JA-A
PAO/ANS8 []70 31
FP-80W
PA1/AN9 []71 (top view) 30
PA2/AN10 []72 P 29
PA3/AN11 |73 28
AVss [|74 27
PBO/ANO [} 75 26
PB1/AN1 []76 25
PB2/AN2 [|77 24
PB3/AN3 []78 23
PB4/AN4 []79 2
PB5/AN5 []80 21
O-r N o<two~onFNN2F®0LOero2{
o L
Q- 8N QM E 2E = 85000 XXX
88z " cKE>33>=ggzRR¢¢
Q5 X0 EEELLH
<< Q% 'o\oggéx|@
S X SIS oapg xAa8
m m O X a
oo D Em
Q A
2 i
Note: Do not connect any pin to NC. N
o

P26/RXD_2
P27/TXD_2
P11/IRQT
P10/IRQ0
P50/TCLKA
P51/TCLKB
P52/TGIOA
P53/TGIOB
P54/SSO
P55/SSCK
P56/SDA/SCS
P57/SCL/SSI
P17/IRQ7
P16/IRQ6
P15/IRQ5
P14/IRQ4
P30

P31

P32

P33

Figure 1.8 Pin Assignment of the H8S/20223R and H8S/20235R Groups
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

Section 1 Overview H8S/20215R, H8S/20235R, H8S/20335R Groups
o
322 5 5 B0EBX830824
600[gly Boo@R 00000000¢
FFFIElE o X X O FFFFFFFFO
Lzl EETOE Lulblbullud
N O U TOAN OO ANT-TOTT o MNOWOOFTOAN—OLWWO — AN
NSO OO0~ ONANNANAN O © O© © O© © O O OoOAN T 3
o000 >0o0000>000000000000
7574 7372 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51
P73 76 50 P43
P74 77 49 P44
P75 78 48 P45
P76 79 47 P46
P77 80 46 P47
P97/FTIOD3 81 45 P26/RXD_2
P9O/FTIOA2 82 44 P27/TXD_2
P91/FTIOB2 83 43 P11/IRQT
P92/FTIOC2 84 42 P10/IRQ0
P93/FTIOD2 85 41 P50/TCLKA
PA4/ANO_2 86 H8S/20323R Group 40 P51/TCLKB
PA5S/AN1_2 87 H8S/20335R Group 39 P52/TGIOA
PAG/AN2_2 88 PLQP0O100KB-A 38 P53/TGIOB
PA7/AN3_2 89 FP-100U 37 P54/SSO
PAO/ANS 90 (top view) 36 P55/SSCK
PA1/AN9 91 P 35 P56/SDA/SCS
PA2/AN10 92 34 P57/SCL/SSI
PA3/AN11 93 33 P17/IRQ7
AVss 94 32 P16/IRQ6
PBO/ANO 95 31 P15/IRQ5
PB1/AN1 9 30 P14/IRQ4
PB2/AN2 97 29 P30/FTIOA/TRGC
PB3/AN3 98 28 P31/FTIOB
PB4/AN4 99 27 P32/FTIOC
PB5/AN5 100 26 P33/FTIOD
O1 234567 8 910111213141516171819202122232425
Q- 8B YTV E SET SE00Q00MO NS QXX XG5
SESSXXURL QS LaIIRERL 4P
EESENES F2£0  EEEEE TTS 3
z z =3 oS3 XX p®
<< O © O P 0 D oA
S R o oo oo <x08
m m O < &
o o [} E o
Q o8
2 X o
~
(s
o

Figure 1.9 Pin Assignment of the H8S/20323R and H8S/20335R Groups
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 1 Overview

1.4.1 Pin Functions

Table 1.3

Classification = Symbol

Pin Functions

Pin No.

H8S/20103R
and
H8S/20115R
Groups

H8S/20203R,
H8S/20223R,
H8S/20215R,
and
H8S/20235R
Groups

H8S/20323R
and
H8S/20335R
Groups

/0

Description

Power supply Ve

12

12

12, 69

Input

Power supply pin.
Connect this pin to the
system power supply.

VSS

9, 50

9,63

Input

Ground pin. Connect this
pin to the system power

supply (0 V).

AV,

Input

Analog power supply pin
for A/D and D/A
converters. When neither
the A/D nor D/A converter
is in use, connect this pin
to the system power
supply.

AV

74

94

Input

Analog ground pin for A/D
and D/A converters.
Connect this pin to the
system power supply
(oV).

AVref

Input

Reference voltage input
pin for the A/D and D/A
converters. Set this to the
same voltage as that on
AV_.. When neither the
A/D nor D/A converter is
in use, connect this pin to
the system power supply.
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Section 1 Overview

H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Pin No.
H8S/20203R,
H8S/20223R,
H8S/20103R  H8S/20215R, H8S/20323R
and and and
H8S/20115R  H8S/20235R  H8S/20335R
Classification = Symbol  Groups Groups Groups /0 Description
Clock 0OSC1 11 11 11 Input  Pins to be connected to a
oscz 10 10 10 Output CTystal or ceramic
CLKOUT resonator for the system
clock. An external clock
can also be input to
OSC1. When the on-chip
oscillator is used, the
system clock signal can
be output from CLKOUT.
For connection examples,
see section 5, Clock
Pulse Generator.
X1 5 5 6 Input  Pins to be connected to a
X2 4 4 5 Output crystal resonator for the
32.768-kHz sub-clock.
For connection examples,
see section 5, Clock
Pulse Generator.

System control  RES 7 7 7 Input  Reset pin. Applying a low
level signal to this pin
resets this LSI.

TEST 8 8 8 Input  Test pin. Connect this pin
to V.

External NMI 35 13 13 Input  Non-maskable interrupt

interrupt request input pin. Be sure
to pull up this pin with a
resistor.

IRQOto  52to 54*, 37, 38, 42,43,70,71, Input External interrupt request
IRQ7 21to 23 56, 57, 30 to 33 input pins. Either rising,
2510 28 falling, or rising/falling
edge of these pins can be
detected.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

H8S/20215R, H8S/20235R, H8S/20335R Groups Section 1 Overview
Pin No.
H8S/20203R,
H8S/20223R,
H8S/20103R  H8S/20215R, H8S/20323R
and and and
H8S/20115R  H8S/20235R  H8S/20335R
Classification = Symbol  Groups Groups Groups /0 Description
Timer RA TRAIO 41 16 16 1/0 Pin for pulse output,

count source input, and
input of pulses to be

measured.

TRAO 2 2 18 Output Pin for inverted pulse
output.

Timer RB TRGB 2 2 17 Input  Pin for trigger input.

TRBO 42 15 15 Output Pin for pulse output and
PWM output.

Timer RC*® FTCI 16 — 25 Input  Pin for external event
input.

FTIOAto 20to17 — 29 t0 26 110 Pins for output-compare

FTIOD output, input-capture
input, and PWM output.

TRGC 20 — 29 Input  Pin for external trigger
input.

TRCOI 47 — 68 Input  Pin for inputting the timer-
output enable or disable
signal.

Timer RD_0 FTIOAO 36 42 55 I/0 Pin for output-compare

output, input-capture
input, and external clock
input.

FTIOBO 34 43 56 I/0 Pin for output-compare
output, input-capture
input, and PWM output.

RO1UHO185EJ0300 Rev. 3.00
Sep 25, 2012 RENESAS
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Section 1 Overview

H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Pin No.
H8S/20203R,
H8S/20223R,
H8S/20103R  H8S/20215R, H8S/20323R
and and and
H8S/20115R  H8S/20235R  H8S/20335R

Classification = Symbol  Groups Groups Groups /0 Description

Timer RD_0 FTIOCO 33 44 57 I/0 Pin for output-compare
output, input-capture
input, and PWM
synchronous output (at
reset or in
complementary PWM
mode).

FTIODO 32 45 58 I/0 Pin for output-compare
output, input-capture
input, and PWM output.

FTIOA1 37 46 59 I/0 Pin for output-compare
output, input-capture
input, and PWM output
(at reset orin
complementary PWM
mode).

FTIOB1to 38to 40 47 t0 49 60 to 62 110 Pins for output-compare

FTIOD1 output, input-capture
input, and PWM output.

TRDOI_0 51 51 64 Input  Pin for inputting the timer-
output enable or disable
signal.

Timer RD_1%° FTIOA2 — 62 82 1/0 Pin for output-compare
output, input-capture
input, and external clock
input.

FTIOB2 — 63 83 1/0 Pin for output-compare
output, input-capture
input, and PWM output.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 1 Overview

Pin No.
H8S/20203R,
H8S/20223R,
H8S/20103R  H8S/20215R, H8S/20323R
and and and
H8S/20115R  H8S/20235R  H8S/20335R
Classification = Symbol  Groups Groups Groups /0 Description
Timer RD_1*° FTIOC2 — 64 84 1/0 Pin for output-compare
output, input-capture
input, and PWM
synchronous output (at
reset or in
complementary PWM
mode).

FTIOD2 — 65 85 110 Pin for output-compare
output, input-capture
input, and PWM output.

FTIOA3 — 58 72 110 Pin for output-compare
output, input-capture
input, and PWM output
(at reset orin
complementary PWM
mode).

FTIOB3to — 59 to 61 73,74, 81 110 Pins for output-compare

FTIOD3 output, input-capture
input, and PWM output.

TRDOI_1 — *“ e Input  Pin for inputting the timer-
output enable or disable
signal.

Timer RE TREO 43 14 14 Output Pin for clock signal
output.
Timer RG TCLKA 31 36 41 Input  Pins for external clock

TCLKB 30 35 40 input.

TGIOA 29 34 39 110 Pins for output-compare

TGIOB o8 33 38 output, input-capture
input, and PWM output.

RO1UHO185EJ0300 Rev. 3.00 Page 23 of 1126
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Section 1 Overview

H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Pin No.
H8S/20203R,
H8S/20223R,
H8S/20103R  H8S/20215R, H8S/20323R
and and and
H8S/20115R  H8S/20235R  H8S/20335R
Classification = Symbol  Groups Groups Groups /0 Description
Serial TXD 46 54 67 Output Output pins for data
communication TXD. 2 50 39 44 transmission.
interface 3
(SCI3) TXD_X 13 17 22

RXD 45 53 66 Input  Input pins for data

RXD_2 49 40 45 reception.

RXD_X 14 18 23

SCK3 44 52 65 110 Input/output pins for clock

SCK3 2 48 41 54 signals.

SCK3_X 15 19 24

Serial TXDX 13 17 22 Output Output pin for data

communication transmission.

interface X RXDX 14,13 18,17 23,22 Input  Input pin for data

(SCIX) ;
reception.

I’C bus interface SDA 26 30 35 I/0 Input/output pin for I°C

2 (lic2) data. Bus can be directly
driven by the NMOS
open-drain output. When
this pin is used, an
external pull-up resistor is
required.

SCL 27 29 34 110 Input/output pin for I°C
clock signal. Bus can be
directly driven by the
NMOS open-drain output.
When this pin is used, an
external pull-up resistor is
required.

Page 24 of 1126 R0O1UH0185EJ0300 Rev. 3.00
RENESAS Sep 25, 2012



H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 1 Overview

Pin No.
H8S/20203R,
H8S/20223R,
H8S/20103R  H8S/20215R, H8S/20323R
and and and
H8S/20115R  H8S/20235R  H8S/20335R
Classification = Symbol  Groups Groups Groups /0 Description
Synchronous SCS 26 30 35 1/0 Input/output pin for the
serial chip select signal.
Comrgléndcat"’” SSCK 25 31 36 0O Inputioutput pin for the
unit ( ) clock signal.
SSli 27 29 34 1/0 Input/output pin for data
transmission/reception.
SSO 24 32 37 l{e] Input/output pin for data
transmission/reception.
AD converter 1 AN11to 2,1,64,63,59 73t070,2,1, 93t090,2,1, |Input Analog input pins.
ANO*® to 62 80to 75 100 to 95
ADTRG1 * # 7 Input  Input pin for the
#12 conversion-start trigger
signal.
AD AN3_2to — 69 to 66 89 to 86 Input  Analog input pins.
converter_2+*°  ANO_2
ADTRG2 — ! # Input  Input pin for the
conversion-start trigger
signal.
DA converter DA1 2 2 2 Output Analog output pins.
DAO 1 1 1
1/0 ports P17 to 23to21,54t0 28t025,57, 33t030,71, 1O 8-bit input/output port
P10*° 52 56, 38, 37 70, 43, 42 pins.
P27 to 50, 49, 48,51, 39to 41,51, 44,45,54,64, 1/O 8-bit input/output port
P20 47 to 44 55 to 52 68 to 65 pins.
P37 to 1310 20 17t0 24 221029 110 8-bit input/output port
P30 pins.
P47 to — — 46 to 53 110 8-bit input/output port
P40*" pins.
P57 to 27 to 24, 29 to 36 34 to 41 110 8-bit input/output port
P50 28 to 31 pins.
R0O1UH0185EJ0300 Rev. 3.00 Page 25 of 1126
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

Section 1 Overview H8S/20215R, H8S/20235R, H8S/20335R Groups

Pin No.
H8S/20203R,
H8S/20223R,

H8S/20103R  H8S/20215R, H8S/20323R

and and and

H8S/20115R  H8S/20235R  H8S/20335R

Classification = Symbol  Groups Groups Groups /0 Description
1/0 ports P67 to 40 to 37, 49 to 42 62 to 55 1/0 8-bit input/output port

P60 32 to 34, 36 pins.
P77 to — — 80to 75 110 6-bit input/output port
p72+* pins.
P87 to 43 to 41 14t0 16 14 to 21 110 8-bit input/output port
P8o*' pins.
P97 to — 61 to 58, 81,74t072, 110 8-bit input/output port
P90*"° 65 to 62 85 to 82 pins.
PA7 to 58 to 55 69 to 66, 89 to 86, 110 8-bit input/output port
PAQ*" 7310 70 93 to 90 pins.
PB7 to 2,1, 64, 63, 2,1,80to75 2,1,100t095 I/O 8-bit input/output port
PBO 59 to 62 pins.
PJ1and 10, 11 10, 11 10, 11 1/0 2-bit input/output port
PJO pins.

Notes: 1.

2.

© N oA

10.
11
12.

13.

In the H8S/20103R and H8S/20115R Groups, the IRQO and IRQ4 pins are not available
with the initial setting of the PMC.

In the H8S/20103R, H8S/20115R, H8S/20203R, H8S/20215R, H8S/20223R, and
H8S/20235R Groups, the TRAO and TRGB pins are not available with the initial setting
of the PMC.

The H8S/20203R, H8S/20223R, H8S/20215R, and H8S/20235R Groups do not
incorporate timer RC.

The TRDOI_1 pin is not available with the initial setting of the PMC.

The H8S/20103R and H8S/20115R Groups do not incorporate timer RD_1.

In the H8S/20103R and H8S/20115R Groups, AN8 to AN11 are not available.

The ADTRG1 and ADTRG2 pins are not available with the initial setting of the PMC.

The H8S/20103R, H8S/20203R, H8S/20115R, and H8S/20215R Groups do not
incorporate A/D converter_2.

The H8S/20103R and H8S/20115R Groups do not provide P14 or P10.
The H8S/20103R and H8S/20115R Groups do not provide P97 to P90.

. The H8S/20103R and H8S/20115R Groups do not provide PA3 to PAO.

This can also be used as the A/D conversion start trigger for A/D converter 2 in
products of the H8S/20223R, H8S/20235R, H8S/20323R, and H8S/20335R Groups.
The H8S/20103R, H8S/20115R, H8S/20203R, H8S/20215R, H8S/20223R, and
H8S/20235R Groups do not provide P47 to P40.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups Section 1 Overview

14.The H8S/20103R, H8S/20115R, H8S/20203R, H8S/20215R, H8S/20223R, and
H8S/20235R Groups do not provide P77 to P72.

15. The H8S/20103R, H8S/20115R, H8S/20203R, H8S/20215R, H8S/20223R, and
H8S/20235R Groups do not provide P84 to P80.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
Section 1 Overview H8S/20215R, H8S/20235R, H8S/20335R Groups
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups Section2 CPU

Section 2 CPU

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

This section describes the H8S/2000 CPU.

2.1 Features

e Upward-compatibility with H8/300 and H8/300H CPUs
Can execute H8/300 and H8/300H CPU object programs
e General-register architecture
Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
e Sixty-five basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
e Fight addressing modes
— Register direct [Rn]
— Register indirect [@ERn]
— Register indirect with displacement [ @(d:16,ERn) or @(d:32,ERn)]
— Register indirect with post-increment or pre-decrement [ @ERn+ or @—ERn]
— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Memory indirect [@ @aa:8§]
e 16-Mbyte address space
— Program: 16 Mbytes
— Data: 16 Mbytes
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e High-speed operation
All frequently-used instructions are executed in one or two states
— 8/16/32-bit register-register add/subtract: 1 state
— 8 X 8-bit register-register multiply: 12 states (MULXU.B), 13 states (MULXS.B)
— 16 + 8-bit register-register divide: 12 states (DIVXU.B)
— 16 x 16-bit register-register multiply: 20 states (MULXU.W), 21 states (MULXS.W)
— 32 + 16-bit register-register divide: 20 states (DIVXU.W)
e Two CPU operating modes
— Normal mode
— Advanced mode
e Power-down state
Transition to power-down state by SLEEP instruction
Selectable CPU clock speed

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

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

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

e The number of execution states of the MULXU and MULXS instructions

Execution States

Instruction Mnemonic H8S/2600 H8S/2000

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

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

In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.
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2.1.2 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

e More general registers and control registers

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

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

e Enhanced addressing

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

e Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.
Two-bit shift and two-bit rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

e Higher speed

Basic instructions are executed twice as fast.

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

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

e Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
Two-bit shift and two-bit rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.

e Higher speed

Basic instructions are executed twice as fast.
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2.2 CPU Operating Modes

The H8S/2000 CPU has two operating modes: normal and advanced. Note that this LSI supports
only advanced mode. Advanced mode supports a maximum 16-Mbyte address space.

2.2.1 Advanced Mode

e Address space
Linear access to a maximum address space of 16 Mbytes is possible.
e Extended registers (En)

The extended registers (EO to E7) can be used as 16-bit registers. They can also be used as the
upper 16-bit segments of 32-bit registers or address registers.

e Instruction set
All instructions and addressing modes can be used.
e Exception vector table and memory indirect branch addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception vector
table in 32-bit units. In each 32 bits, the upper 8 bits are ignored and a branch address is stored
in the lower 24 bits (see figure 2.1). For details of the exception vector table, see section 3,
Exception Handling.
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H'00000000

H'00000003 |

H'00000004

H'00000007 |

H'00000008

H'00000014

Reserved

(Reserved for system use)

Reserved

> Exception vector table

Figure 2.1 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed in the JMP and JSR instructions
uses an 8-bit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In advanced mode, the operand is a 32-bit longword operand,
providing a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is
regarded as H'00. Branch addresses can be stored in the area from H'00000000 to H'O000000FF.
Note that the top area of this range is also used for the exception vector table.
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e Stack structure
In advanced mode, the program counter (PC) is pushed onto the stack in a subroutine call, and
the PC and condition-code register (CCR) are pushed onto the stack in exception handling.
They are stored as shown in figure 2.2. EXR is not pushed onto the stack in interrupt control
mode 0. For details, see section 3, Exception Handling.

\/\\/\

sP—~| PC SP — EXR™!
(16 bits) Reserved*1*3
(SP*2—>) CCR
\/\ CCR™?
— PC -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

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

Figure 2.2 Stack Structure in Advanced Mode

23 Address Space

Figure 2.3 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 16-Mbyte (architecturally 4-Gbyte) address space in advanced mode. The
usable modes and address spaces differ depending on the product.
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H8S/20103R
H'000000
Interrupt vectors
On-chip flash ROM
(128 Kbytes)
H'01FFFF
H'020000 | |
E Reserved area '
H'EFFFFF | :
H'F00000 Data flash area
H'FO1FFF (8 Kbytes)
H'F02000 ! '
E Reserved area :
H'FF0000
On-chip I/O registers
H'FFOFFF
H'FF1000 ; !
© Reserved area ;
H'FFDF7F | :
H'FFDF80
On-chip RAM
(8 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H'000000

H'017FFF
H'018000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

HFFDF7F
HFFDF80

HFFFF7F
H'FFFF80

HFFFFFF

H8S/20102R

Interrupt vectors

On-chip flash ROM
(96 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(8 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (1) (H8S/20103R Group)
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H8S/20203R
H'000000
Interrupt vectors
On-chip flash ROM
(128 Kbytes)
H'O1FFFF
H'020000 ; ]
E Reserved area '
H'EFFFFF. ;
H'FO0000 |  Data flash area
H'FO1FFF (8 Kbytes)
H'F02000 ! '
E Reserved area :
H'FF0000
On-chip I/O registers
H'FFOFFF
H'FF1000 ! !
i Reserved area ;
H'FFDF7F | :
H'FFDF80
On-chip RAM
(8 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H'000000

H'017FFF
H'018000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

H'FFDF7F
H'FFDF80

H'FFFF7F
H'FFFF80

H'FFFFFF

H8S/20202R

Interrupt vectors

On-chip flash ROM
(96 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip /O registers

Reserved area

On-chip RAM
(8 Kbytes)

On-chip /O registers

Figure 2.3 Memory Map (2) (H8S/20203R Group)
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H8S/20223R
H'000000
Interrupt vectors
On-chip flash ROM
(128 Kbytes)
H'01FFFF
H'020000 |
E Reserved area '
H'EFFFFF. :
H'F00000 Data flash area
H'FO1FFF (8 Kbytes)
H'F02000 ! '
E Reserved area :
H'FF0000
On-chip I/O registers
H'FFOFFF
H'FF1000 | !
i Reserved area ;
H'FFDF7F | :
H'FFDF80
On-chip RAM
(8 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H'000000

H'017FFF
H'018000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

H'FFDF7F
H'FFDF80

H'FFFF7F
H'FFFF80

H'FFFFFF

H8S/20222R

Interrupt vectors

On-chip flash ROM
(96 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(8 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (3) (H8S/20223R Group)
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H8S/20323R
H'000000
Interrupt vectors
On-chip flash ROM
(128 Kbytes)
H'01FFFF
H'020000 |
E Reserved area '
H'EFFFFF. :
H'F00000 Data flash area
H'FO1FFF (8 Kbytes)
H'F02000 ! '
E Reserved area :
H'FF0000
On-chip I/O registers
H'FFOFFF
H'FF1000 | !
i Reserved area ;
H'FFDF7F | :
H'FFDF80
On-chip RAM
(8 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H'000000

H'017FFF
H'018000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

H'FFDF7F
H'FFDF80

H'FFFF7F
H'FFFF80

H'FFFFFF

H8S/20322R

Interrupt vectors

On-chip flash ROM
(96 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(8 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (4) (H8S/20323R Group)
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H8S/20115R
H'000000
Interrupt vectors
On-chip flash ROM
(256 Kbytes)
H'03FFFF
H'040000 :
E Reserved area '
H'EFFFFF. .
H'F00000 Data flash area
H'FO1FFF (8 Kbytes)
H'F02000 ! '
E Reserved area :
H'FF0000
On-chip I/O registers
H'FFOFFF
H'FF1000 | !
i Reserved area ;
H'FFCF7F | :
H'FFCF80
On-chip RAM
(12 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H'000000

H'02FFFF
H'030000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

H'FFCF7F
H'FFCF80

H'FFFF7F
H'FFFF80

H'FFFFFF

H8S/20114R

Interrupt vectors

On-chip flash ROM
(192 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(12 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (5) (H8S/20115R Group)
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H8S/20215R
H'000000
Interrupt vectors
On-chip flash ROM
(256 Kbytes)
H'03FFFF
H'040000 :
E Reserved area '
H'EFFFFF. :
H'F00000 Data flash area
H'FO1FFF (8 Kbytes)
H'F02000 ! '
E Reserved area :
H'FF0000
On-chip I/O registers
H'FFOFFF
H'FF1000 | !
i Reserved area ;
H'FFCF7F | :
H'FFCF80
On-chip RAM
(12 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H'000000

H'02FFFF
H'030000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

H'FFCF7F
H'FFCF80

H'FFFF7F
H'FFFF80

H'FFFFFF

H8S/20214R

Interrupt vectors

On-chip flash ROM
(192 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(12 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (6) (H8S/20215R Group)
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H8S/20235R
H'000000
Interrupt vectors
On-chip flash ROM
(256 Kbytes)
H'03FFFF
H'040000 :
E Reserved area '
H'EFFFFF. .
H'F00000 Data flash area
H'FO1FFF (8 Kbytes)
H'F02000 ! '
E Reserved area :
H'FF0000
On-chip I/O registers
H'FFOFFF
H'FF1000 | !
i Reserved area ;
H'FFCF7F | :
H'FFCF80
On-chip RAM
(12 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H'000000

H'02FFFF
H'030000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

H'FFCF7F
H'FFCF80

H'FFFF7F
H'FFFF80

H'FFFFFF

H8S/20234R

Interrupt vectors

On-chip flash ROM
(192 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(12 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (7) (H8S/20235R Group)
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H8S/20335R
H'000000
Interrupt vectors
On-chip flash ROM
(256 Kbytes)
H'03FFFF
H'040000 :
E Reserved area '
H'EFFFFF. :
H'F00000 Data flash area
H'FO1FFF (8 Kbytes)
H'F02000 ! '
E Reserved area :
H'FF0000
On-chip I/O registers
H'FFOFFF
H'FF1000 | !
i Reserved area ;
H'FFCF7F | :
H'FFCF80
On-chip RAM
(12 Kbytes)
H'FFFF7F
H'FFFF80
On-chip I/O registers
H'FFFFFF

H'000000

H'02FFFF
H'030000

HEFFFFF
H'F00000

H'FO1FFF
H'F02000

H'FF0000

H'FFOFFF
H'FF1000

H'FFCF7F
H'FFCF80

H'FFFF7F
H'FFFF80

H'FFFFFF

H8S/20334R

Interrupt vectors

On-chip flash ROM
(192 Kbytes)

Reserved area

Data flash area
(8 Kbytes)

Reserved area

On-chip I/O registers

Reserved area

On-chip RAM
(12 Kbytes)

On-chip I/O registers

Figure 2.3 Memory Map (8) (H8S/20235R Group)
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24 Register Configuration

The H8S/2000 CPU has the internal registers shown in figure 2.4. There are two types of registers:
general registers and control registers. Control registers are a 24-bit program counter (PC), an 8-
bit extended control register (EXR), and an 8-bit condition code register (CCR).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers
23 0
PC

76543210
ExR [T]-]-[-]-[i]11]io

76543210

cer [ 1 Ju]u[n]z]v]c|

Legend:

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

EXR : Extended control register N : Negative flag
T : Trace bit Z :Zeroflag

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

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

Note: * For this LSI, the interrupt mask bit is not available.

Figure 2.4 CPU Internal Registers
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24.1 General Registers

The H8S/2000 CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used as both address registers and data registers. When a general register is used
as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.5 illustrates the
usage of the general registers. When the general registers are used as 32-bit registers or address
registers, they are designated by the letters ER (ERO to ER7).

When the general registers are used as 16-bit registers, the ER registers are divided 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.

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

The usage of each register can be selected independently.

General register ER7 has the function of the stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.6 shows the
stack.

« Address registers  16-bit registers « 8-bit registers
« 32-bit registers

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure 2.5 Usage of General Registers
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/\_/

Free area

SP (ER7)—»]

Stack area

/\/

Figure 2.6 Stack

2.4.2 Program Counter (PC)

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

24.3 Extended Control Register (EXR)

EXR is an 8-bit register that can be operated by the LDC, STC, ANDC, ORC, and XORC
instructions. When an instruction other than STC is executed, all interrupts including NMI are
masked in three states after the instruction is completed.

Bit Symbol Bit Name Description R/W

7 T Trace bit 0: Consecutively executes instructions. R/W

1: Starts trace exception processing each time an
instruction is executed.

6t03 — Reserved These bits are always read as 1. —
2to 0 2% Interrupt These bits specify interrupt request mask levels R/W
I request mask (0 to 3). For details, see section 4, Interrupt
10 level2to 0 Controller.

Note: * The I2-bit is reserved in this product. The 12 bit is set to 1 if an interrupt is accepted, but
this does not affect the mask level for interrupt requests.
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2.4.4 Condition-Code Register (CCR)

This 8-bit register contains internal CPU status information, including an interrupt mask bit (I) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

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

Bit Symbol Bit Name Description R/W

7 I Interrupt mask 0: Does not mask interrupts. R/W
bit 1: Masks interrupts.

6 Ul User bit or This bit does not affect this LSI operation. R/W
interrupt mask
bit

5 H Half-carry flag [Setting conditions] R/W

e If there is a carry or borrow bit 3 when the
ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B or
NEG.B instruction is executed.

e |If there is a carry or borrow at bit 11 when the
ADD.W, SUB.W, CMP.W, or NEG.W instruction
is executed.

e |If there is a carry or borrow at bit 27 when the
ADD.L, SUB.L, CMP.L, or NEG.L instruction is
executed.

[Clearing condition]
When none of the above setting conditions are

satisfied.
U User bit This bit does not affect the LS| operation. R/W
N Negative flag  [Setting condition] R/W

When the execution result is negative.
[Clearing condition]
When the execution result is not negative.
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Bit Symbol Bit Name Description R/W
2 4 Zero flag [Setting condition] R/W

When data is zero.
[Clearing condition]
When data is not zero.

\ Overflow flag  [Setting condition] R/W

When an overflow occurs after an arithmetic
instruction has been executed.

[Clearing condition]

When no overflow occurs after an arithmetic
instruction has been executed.

C Carry flag [Setting condition] R/W

When a carry occurs after an instruction has been
executed.

[Clearing condition]

When no carry occurs after an instruction has been
executed.

I (interrupt mask bit)

This bit masks interrupts other than NMI when set to 1. NMI is accepted regardless of the I bit
setting. The I bit is set to 1 at the start of an exception-handling sequence. For details, see
section 4, Interrupt Controller.

UI (user bit/interrupt mask bit)
This bit can be written to and read from by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

For this LSI, interrupt mask bit is not available.

H (half carry flag)

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B or NEG.B instruction is executed, this
flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0 otherwise. When the
ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is set to 1 if there is
a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L, SUB.L, CMP.L, or
NEG.L instruction is executed, the H flag is set to 1 if there is a carry or borrow at bit 27, and
cleared to O otherwise.
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o U (user bit)
This bit can be written to and read from by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

e N (negative bit)

This bit stores the value of the most significant bit of data as a sign bit.

e C (carry flag)
This flag is set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:
— Add instructions, to indicate a carry
— Subtract instructions, to indicate a borrow
— Shift and rotate instructions, to indicate a carry

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

24.5 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace (T) bit in EXR to 0, and sets the interrupt mask (I) bits in CCR and EXR to 1. The other
CCR bits and the general registers are not initialized. Note that the stack pointer (ER7) is
undefined. The stack pointer should therefore be initialized by an MOV.L instruction executed
immediately after a reset.
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2.5 Data Formats

The H8S/2000 CPU can process 1-bit, 4-bit BCD, 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two

digits of 4-bit BCD data.

2.5.1 General Register Data Formats

Figure 2.7 shows the data formats of general registers.

Data Type Register Number Data Format
7 0
1-bit data Roft 7565554535251E°|_____P_O_"_'t_c."”_r?__--..i
___________________ 7 0
1-bit data RnL E Don't care | 7161514132110
7 43 o i
4-bit BCD data RnH | Upper | Lower | Don't care |
.................. J
___________________ 7 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH . H | Don't care !
MSB tss
___________________ 7 0
Byte data RnL ! Don't care | b !
"""""""""" MSB LSB

Figure 2.7 General Register Data Formats (1)
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Data Type Register Number Data Format
Word data Rn
15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15 0
MSB En Rn LSB
Legend:
ERn : General register ER
En : General register E
Rn : General register R
RnH : General register RH
RnL : General register RL
MSB : Most significant bit
LSB : Least significant bit

Figure 2.7 General Register Data Formats (2)
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2.5.2 Memory Data Formats

Figure 2.8 shows the data formats in memory. The H8S/2000 CPU can access word data and
longword data in memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the address is regarded as 0, so the access starts at the preceding address. This

also applies to instruction fetches.

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

size or longword size.

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

Data Format

/\/

7 0

7 l6 [5]a]3]2]1]0

MSB. i i ! | ! LS8

SB L1l
popo b ouse
MSB:  © ¢

\LSB]

/\/

Figure 2.8 Memory Data Formats
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2.6 Instruction Set

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function as
shown in table 2.1.

Table 2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*', PUSH™* WiL
LDM*®, STM™*® L
MOVFPE™’, MOVTPE™® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/W/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS W/L
TAS™ B
Logic operations AND, OR, XOR, NOT B/WI/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, B/W/L
ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, B 14
BAND, BIAND, BOR, BIOR, BXOR, BIXOR
Branch BCC*Z, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, —
NOP
Block data transfer EEPMOV — 1
Total: 65

Notes: B: Byte size; W: Word size; L: Longword size.

1. POP.W Rn and PUSH.W Rn are identical to MOV.W @ SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.
B, is the general name for conditional branch instructions.
Cannot be used in this LSI.
Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
The ERY register is used as a stack pointer in an STM and LDM instructions.
Accordingly, ER7 cannot be stored by STM or loaded by LDM.

oprwN
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2.6.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used in
tables 2.3 to 2.10 is defined below.

Table 2.2  Operation Notation

Symbol Description

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

ERn General register (32-bit register)
(EAd) Destination operand
(EAs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR
z Z (zero) flag in CCR

Vv V (overflow) flag in CCR
C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

~ NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table 2.3  Data Transfer Instructions
Instruction  Size™ Function
MOV B/W/L (EAs) — Rd, Rs — (EAd)
Moves data between two general registers or between a general
register and memory, or moves immediate data to a general register.
MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP Wi/L @SP+ — Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn
PUSH Wi/L Rn —» @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.
LDM** L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
sTM* L Rn (register list) - @-SP

Pushes two or more general registers onto the stack.

Notes: 1. Size refers to the operand size.

B:
W:
L:

Byte

Word

Longword

2. The ERTY register is used as a stack pointer in the STM and LDM instructions.
Accordingly, ER7 cannot be stored by STM or loaded by LDM.
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Table 2.4

Arithmetic Operations Instructions (1)

Instruction  Size*

Function

ADD B/WI/L Rd + Rs — Rd, Rd + #IMM — Rd

SuB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Subtraction on
immediate data and data in a general register cannot be performed in
bytes. Use the SUBX or ADD instruction.)

ADDX B Rd +Rs + C —» Rd, Rd = #IMM + C — Rd

SUBX Performs addition or subtraction with carry on data in two general
registers, or on immediate data and data in a general register.

INC B/WI/L Rd+1— Rd, Rd+2 — Rd

DEC Adds or subtracts the value 1 or 2 to or from data in a general register.
(Only the value 1 can be added to or subtracted from byte operands.)

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

DIVXU B/W Rd + Rs — Rd
Performs unsigned division on data in two general registers: either 16
bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
16-bit quotient and 16-bit remainder.

Note: * Size refers to the operand size.

B: Byte

W: Word

L: Longword
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Table 2.4  Arithmetic Operations Instructions (2)

Instruction  Size™' Function
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 the CCR bits according to the
result.

NEG B/W/L 0-Rd - Rd

Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU Wi/L Rd (zero extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size, or the lower
16 bits of a 32-bit register to longword size, by padding with zeros on
the left.

EXTS W/L Rd (sign extension) — Rd

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

TAS* B @ERd -0, 1 — (<bit 7> of @ERd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

Notes: 1. Size refers to the operand size.
B: Byte
W: Word
L: Longword
2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table 2.5 Logic Operations Instructions

Instruction  Size*

Function

AND B/W/L

Rd A Rs — Rd, Rd A #IMM — Rd

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

OR B/WI/L

Rd v Rs — Rd, Rd v #IMM — Rd

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

XOR B/WI/L

Rd @ Rs — Rd, Rd @ #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 data in a general
register.

Note: * Size refers to the operand size.

B: Byte
W:  Word

L: Longword
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Table 2.6  Shift Instructions

Instruction  Size* Function

SHAL B/WI/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on data in a general register. 1-bit or 2 bit
shift is possible.

SHLL B/W/L Rd (shift) - Rd

SHLR Performs a logical shift on data in a general register. 1-bit or 2 bit shift
is possible.

ROTL B/W/L Rd (rotate) —» Rd

ROTR Rotates data in a general register. 1-bit or 2 bit rotation is possible.

ROTXL B/W/L Rd (rotate) —» Rd

ROTXR Rotates data including the carry flag in a general register. 1-bit or 2 bit

rotation is possible.

Note: * Size refers to the operand size.

B:
W:
L:

Byte

Word

Longword
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Table 2.7  Bit Manipulation Instructions (1)

Instruction  Size* 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 three bits
of a general register.

BCLR B 0 — (<bit-No.> of <EAd>)

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

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

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

BTST B ~ (<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 three bits of a general register.

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

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

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

Logically 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 B C v (<bit-No.> of <EAd>) —» C

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

BIOR B C v (~ <bit-No.> of <EAd>) —» C

Logically 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 imnmediate data.

Note: * Size refers to the operand size.
B: Byte
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Table 2.7

Instruction

Size™

Bit Manipulation Instructions (2)

Function

BXOR

B

C ® (<bit-No.> of <EAd>) —» C

Logically 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 @ ~ (<bit-No.> of <EAd>) — C

Logically 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.

BLD

(<bit-No.> of <EAd>) —» C

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

BILD

~ (<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

C — (<bit-No.> of <EAd>)

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

BIST

~ 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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Table 2.8 Branch Instructions

Instruction Size

Function

Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High CvzZ=0
BLS Low or same Cvz=1
BCC (BHS) Carry clear C=0
(high or same)
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 NeV=0
BLT Less than NoV=1
BGT Greater than Zv(NeV)=0
BLE Less or equal Zv(NeV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table 2.9  System Control Instructions

Instruction  Size* Function

TRAPA — Starts trap-instruction exception handling.

RTE — Returns from an exception-handling routine.

SLEEP — Causes a transition to a power-down state.

LDC B/W (EAs) — CCR, (EAs) —» EXR
Moves the memory operand contents or immediate data to CCR or
EXR. Although CCR and EXR are 8-bit registers, word-size transfers
are performed between them and memory. The upper 8 bits are valid.

STC B/W CCR — (EAd), EXR — (EAd)
Transfers CCR or EXR contents to a general register or memory
operand. Although CCR and EXR are 8-bit registers, word-size
transfers are performed between them and memory. The upper 8 bits
are valid.

ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.

ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.

XORC B CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate
data.

NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.

B:
W:

Byte
Word
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Table 2.10 Block Data Transfer Instructions

Instruction Size Function
EEPMOV.B — if R4L = 0 then
Repeat @ ER5+ —» @ER6+
R4L-1 — R4L
UntilR4L =0
else next:
EEPMOV.W — if R4 # 0 then
Repeat @ ER5+ — @ERG6+
R4-1 — R4
UntiiR4 =0
else next:

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location
set in ERG6.

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

2.6.2 Basic Instruction Formats

The H8S/2000 CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), a register field (r), an effective address extension (EA), and a condition field

(co).
Figure 2.9 shows examples of instruction formats.

e 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 four bits of the instruction.
Some instructions have two operation fields.

e Register field

Specifies a general register. Address registers are specified by 3 bits, and data registers by 3
bits or 4 bits. Some instructions have two register fields, and some have no register field.

e Effective address extension
8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
e Condition field

Specifies the branching condition of Bcce instructions.
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(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op rn rm ADD.B Rn, Rm, etc.

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

op n rm

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

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

op cc EA (disp) BRA d:16, etc.

Figure 2.9 Instruction Formats (Examples)
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2.7 Addressing Modes and Effective Address Calculation

The H8S/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses

a subset of these addressing modes.

Arithmetic and logic operations instructions can use the register direct and immediate addressing
modes. Data transfer instructions can use all addressing modes except program-counter relative
and memory indirect. Bit manipulation instructions can use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table 2.11 Addressing Modes

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

2.7.1 Register Direct—Rn

The register field of the instruction code specifies an 8-, 16-, or 32-bit general register which
contains the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7
and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit registers.

272 Register Indirect—@ERn

The register field of the instruction code specifies an address register (ERn) which contains the
address of a memory operand. If the address is a program instruction address, the lower 24 bits are
valid and the upper 8 bits are all assumed to be 0 (H'00).

RO1UH0185EJ0300 Rev. 3.00
Sep 25, 2012

RENESAS

Page 65 of 1126



H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
Section2 CPU H8S/20215R, H8S/20235R, H8S/20335R Groups

2.7.3 Register Indirect with Displacement—@(d:16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction code is added to an address register
(ERn) specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

2.7.4 Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @-ERn
(1) Register Indirect with Post-Increment—@ERn+

The register field of the instruction code specifies an address register (ERn) which contains the
address of a memory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sum is stored in the address register. The value added is 1 for byte access,
2 for word access, and 4 for longword access. For word or longword transfer instructions, the
register value should be even.

(2) Register Indirect with Pre-Decrement—@-ERn

The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field in
the instruction code, and the result becomes 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, and 4
for longword access. For word or longword transfer instructions, the register value should be even.

2.7.5 Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits long
(@aa:32). Table 2.12 indicates the accessible absolute address ranges.

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF).
For a 16-bit absolute address, the upper 16 bits are a sign extension. For a 32-bit absolute address,
the entire address space is accessed.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).
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Table 2.12 Absolute Address Access Ranges

Absolute Address Advanced Mode
Data address 8 bits (@aa:8) H'FFFF0O0 to H'FFFFFF
16 bits (@aa:16) H'000000 to H'007FFF, H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction address 24 bits (@aa:24)

2.7.6 Immediate—#xx:8, #xx:16, or #xx:32

The 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data contained in an instruction
code can be used directly as an operand.

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

2.7.7 Program-Counter Relative—@(d:8, PC) or @(d:16, PC)

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

This mode can be used by the JMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand which contains a branch address. The upper bits of
the 8-bit absolute address are all assumed to be 0, so the address range is 0 to 255 (H'000000 to
H'0000FF in advanced mode).

In advanced mode, the memory operand is a longword operand, the first byte of which is assumed
to be 0 (H'00).

Note that the top area of the address range in which the branch address is stored is also used for
the exception vector area. For further details, see section 3, Exception Handling.

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

\/\

Specified -| Reserved
by @aa:8

Advanced Mode

Figure 2.10 Branch Address Specification in Memory Indirect Addressing Mode
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2.7.9 Effective Address Calculation
Table 2.13 indicates how effective addresses are calculated in each addressing mode.

Table 2.13 Effective Address Calculation

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)

1 Register direct (Rn)

[ o [m[nm]

2 Register indirect (@ERnN) 31 0 31 2423 0

| General register contents |———|Don't Cafel
Lo ] ]

3 | Register indirect with displacement
@(d:16,ERn) or @(d:32,ERn) 31 0

| I General register contents
31 2423 0

Operand is general register contents.

o] r dis |

| P | | | P ——lDon't carel
31 0
| Sign extension | disp

4 Register indirect with post-increment or

pre-decrement ) ) 31 31 2423 0

« Register indirect with post-increment @ERn+ [ - 5
1 General register contents ——lDon 't carel

[ [ ] |

* Register indirect with pre-decrement @-ERn 31
I General register contents 31 2423 0
[ _>|Don't carel
Lo ] ]
Operand Size Offset
Byte 1
Word 2
Longword 4
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No | Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 Absolute address
@aa:8 31 2423 87 0
|Don't carel H'FFFF | |
@aa:16 31 2423 16 15 0
| op | abs | |Don't carel Sign extensionl |
@aa:24 31 24 23 0
| op | abs | |Don't carel |
@aa:32
op 31 24 23 0
abs |Don't carel
6 | Immediate
hocBlixx 1632 Operand is immediate data.
op IMM
7 Program-counter relative 23
@(d:8,PC)/@(d:16,PC) | PC contents h
op disp
31 2423 0
|Don't carel
8 Memory indirect @@aa:8
« Normal mode*
‘ - i
EENECN H000000 | abs |
15 0 31 2423 16 15 0
Memory contents | |Don't carel H'00 | |
« Advanced mode
31 87 l 0
H'000000 | abs | 31 2423 0
31 0 |Don't carel
Memory contents |
T
Note: * For this LS|, normal mode is not available.
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2.8 Processing States

The H8S/2000 CPU has five main processing states: the reset state, exception handling state,
program execution state, bus-released state, and program stop state. Figure 2.11 indicates the state
transitions.

o Reset state

In this state the CPU and internal peripheral modules are all initialized and stopped. When the
RES input goes low, all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, see section 3, Exception Handling.

The reset state can also be entered by a watchdog timer overflow.

e Exception-handling state

The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to an exception source, such as, a reset, trace, interrupt, or trap instruction.
The CPU fetches a start address (vector) from the exception vector table and branches to that
address. For further details, see section 3, Exception Handling.

e Program execution state

In this state the CPU executes program instructions in sequence.

e Bus-released state

The bus-released state occurs when the bus has been released in response to a bus request*
from a bus master (DTC) other than the CPU. While the bus is released, the CPU halts
operations.

e Program stop state

This is a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed. For details, see section 6, Power-Down Modes.

Notes: * The DTC requests bus mastership when an activation request for the DTC is generated.

Bus mastership is transferred from the CPU to the DTC with the following timing.
1. Bus mastership is transferred at the end of the current bus cycle.

However, when the bus activity for a single instruction is divided up into multiple bus
cycles due to longword access, etc., the bus mastership will not necessarily be
transferred at the end of the current bus cycle. For details, see section 2.7, Bus States
During Instruction Execution, in the H8S/2600 Series, H8S/2000 Series Software
Manual.
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2. If the CPU is in sleep mode at the time of the request, bus mastership is transferred

immediately.
Reset state™
&£
& 2
< 2 %
o8 ¥ <
Ey X & G
& @ & R?
< Ey N} &
o S &
£ & N
&
9
: &
Exception & Bus-released state

handling state
/

End of exception handling
Request for exception handling

Program execution state

Bus request

End of bus request

9
SLEEP instruction
- Program stop state

Note: * A transition to the reset state occurs in any of the following cases.
1. When RES goes low in any state
2. When the watchdog timer overflows
3. When an LVD reset is caused by a low-voltage detection

Figure 2.11 State Transitions
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2.9 Usage Notes

2.9.1 TAS Instruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The H8S
and H8/300 Series C/C++ Compiler of Renesas Electronics Corp. does not generate a TAS
instruction. Accordingly, when a TAS instruction is used as a user-defined embedded function,
register ERO, ER1, ER4, or ERS5 should be used.

29.2 STM and LDM Instructions

The ER7 register is used as a stack pointer in an STM and LDM instructions. Accordingly, ER7
cannot be stored by STM or loaded by LDM. Two, three, or four registers can be stored or loaded
by a single STM or LDM instruction. The combination of registers that can be stored or loaded are
as follows.

e Two registers: ERO and ER1, ER2 and ER3, or ER4 and ER5
e Three registers: ERO to ER2 or ER4 to ER6
e Four registers: ERO to ER3

The H8S and H8/300 Series C/C++ Compiler of Renesas Electronics Corp. does not generate an
STM or LDM instruction that uses ER7.

293 Note on Bit Manipulation Instructions

Bit manipulation instructions such as BSET, BCLR, BNOT, BST, and BIST read data in byte
units, perform bit manipulation, and write data in byte units. Thus, care must be taken when these
bit manipulation instructions are executed for a register or port including write-only bits.

In addition, the BCLR instruction can be used to clear the flag of an internal I/O register. In this
case, if the flag to be cleared has been set by an interrupt processing routine, the flag need not be
read before executing the BCLR instruction.
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294 EEPMOY Instruction

1. The EEPMOV instruction performs a block transfer. As shown in the following figure,
EEPMOYV transfers data whose start address is indicated by RS for the number of bytes
indicated by R4L to the address indicated by R6.

R5 — \

% % ~— R6

\ ~ R6+RAL

R5 + R4L —

2. R4L and R6 should be set so that the end address (R6 + R4L) of the transfer destination does
not exceed H'FFFF (R6 should not change from H'FFFF to H'0000 during EEPMOV
instruction execution).

R5 — \
<~—R6
R5 + R4L—
Cannof] TP ~—R6 + R4L
be set
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Section 3 Exception Handling

3.1 Exception Handling Types and Priority

As table 3.1 indicates, exception handling is caused by a reset, trace, NMI interrupt, trap
instruction, or interrupt. Exception handling is prioritized as shown in table 3.1. If two or more
exceptions occur simultaneously, they are accepted and processed in order of priority. Exception
sources, the stack structure, and operation of the CPU vary depending on the interrupt control
mode. For details on the interrupt control mode, see section 4, Interrupt Controller.

Table 3.1 Exception Handling Types and Priority

Priority = Exception Type Start Timing of Exception Handling

High Reset Started immediately after a low-to-high transition at the RES pin,
N or by other reset sources. The CPU enters the reset state when
the RES pin is low.
Trace*’ Started when execution of the current instruction or exception
handling ends, if the trace (T) bit in EXR is set to 1.
NMI Generated when an edge of the NMI pin is input. An NMI

interrupt request has the highest priority among interrupt
requests. It is always accepted regardless of the value of the | bit
in CCR.

Trap instruction*® Started by execution of a trap instruction (TRAPA).

Low Interrupt Started when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.**

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

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

3. Trap instruction exception handling requests are accepted at all times in program
execution state.
3.2 Exception Handling Sources and Vector Table

Different vector addresses are assigned to different exception sources. For details on the exception
sources and their vector addresses, see section 4, Interrupt Controller.
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3.3 Reset

A reset has the highest exception handling priority. When the RES pin goes low, all processing
halts and this LSI enters the reset. To ensure that this LSI is reset, hold the RES pin low for the
specified time at power-on and during operation, hold the RES pin low for the specified time. A
reset initializes the internal state of the CPU and the registers of on-chip peripheral modules, and
selects low-speed on-chip oscillator as a system clock. The chip can also be reset by detection of
the low-voltage, overflow of the watchdog timer, or software.

The interrupt control mode is 0 immediately after reset.

3.3.1 Reset Sources

This LSI enters the reset state by reset sources listed in table 3.2. If multiple reset sources occur
simultaneously, a reset source having the highest priority will be accepted. A reset source can be
identified by reading the reset source flag register (RSTFR).

For details on a low-voltage detection reset, see section 29, Low-Voltage Detection Circuits. For
details on a watchdog timer overflow reset, see section 20, Watchdog Timer (WDT).

Table 3.2  List of Reset Sources

Reset Source Description Priority
Reset by RES pin This LSI enters the reset state if the RES pin is held low for High
at least a specified period.
Low-voltage detection This LSI enters the reset state if the power voltage
reset becomes the specified voltage or lower.
Watchdog timer overflow  This LSI enters the reset state if the counter in the
reset watchdog timer overflows.
Software reset This LSI enters the reset state if the SRST bit in RSTCR is
setto 1. Low
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(1) Reset Source Flag Register (RSTFR)

Address: H'FF0620

Bit: b6 b5 b4 b3 b2 b1 b0
— SWRST PRST LVD2RST | LVDIRST | PORRST WRST
Value after reset: 0 (0) (0) (0) (0) 0) 0)
Bit Symbol Bit Name Description R/W
— Reserved This bit is read as 0. The write value should be 0. —
SWRST Software reset 1: Indicates that a reset by a software reset occurs. R/W
detection flag 0: Indicates that a reset by a software reset does
not occur.
4 PRST RES pinreset  1: Indicates that a reset by a RES pin reset occurs. R/W
detectionflag o |ngicates that a reset by a RES pin reset does
not occur.
3 LVD2RST LVD2 reset 1: Indicates that a reset by an LVD2 reset occurs.  R/W
detectionflag o |ngicates that a reset by an LVD2 reset does not
occur.
2 LVD1RST LVD1 reset 1: Indicates that a reset by an LVD1 reset occurs. R/W
detectionflag o |ngicates that a reset by an LVD1 reset does not
occur.
1 PORRST  LVDO reset 1: Indicates that a reset by an LVDO reset occurs.  R/W
detection flag 0: Indicates that a reset by an LVDO reset does not
occur.
0 WRST Watchdog timer 1: Indicates that a reset by a watchdog timer R/W

reset detection
flag

overflows.

0: Indicates that a reset by a watchdog timer does
not occur.

Note: Each flag in this register can be cleared by writing 0 to it. The write value to the reserved
bits should always be 0.
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(2) Reset Control Register (RSTCR)

Address: H'FFO6DA

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE — — — — — SRST
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol  Bit Name Description R/W
7 Wi Write inhibit 0: Writing is permitted. w
1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W

1: Writing is enabled.

[Setting condition]

When 0 is written to Wl and 1 is written to WE.
[Clearing condition]

When 0 is written to Wl and WE.

5t01 — Reserved These bits are read as 0. The write value should —
be 0.
0 SRST Software reset 0: Normal operation R/W

1: A software reset is generated.

Note: A MOV instruction should be used to write to this register.

o  WI bit (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

e WE bit (write enable)
Bit O in this register can be written to when this bit is 1.

o SRST bit (software reset)

A software reset is generated when this bit is 1.

RO1UHO185EJ0300 Rev. 3.00
RENESAS Sep 25, 2012

Page 78 of 1126



H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups Section 3 Exception Handling

332 Reset Exception Handling

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

1. The internal state of the CPU and the registers of the on-chip peripheral modules are
initialized, VOFR is cleared to H'0000, the T bit in EXR is cleared to 0, and the I bit in EXR
and CCR is setto 1.

The low-speed on-chip oscillator is selected as a system clock.

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

Figure 3.1 shows an example of the reset sequence.

Internal Prefetch of first
Vector fetch processing program instruction

RES /

Internal
address bus

X ©

—_
—_
~

g

Internal

read signal ' ! . :
Internal : High : : :
write signal ; | | |
Internal : { 2 Y @)} ' { 6 )
data bus \l‘/ \L‘/ \i‘/

(1) (3) :Reset exception handling vector address (when reset, (1) = H'000000, (3) = H'000002)
(2) (4) :Start address (contents of reset exception handling vector address)
(5) :Start address ((5) = (2)(4))
(6) :First program instruction

Figure 3.1 Reset Sequence
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333 Interrupts immediately after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the 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 a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

334 On-Chip Peripheral Functions after Reset Release

After release from a reset, MSTCR is initialized, and the DTC and all modules other than timer
RE enter module standby mode.

Consequently, on-chip peripheral module registers cannot be read or written to. Register reading
and writing is enabled when module standby mode is exited.
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34 Trace Exception Handling

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. For details on interrupt control modes, see section 4,
Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by the interrupt masking bit in CCR.
Table 3.3 shows the state of CCR and EXR after execution of trace exception handling. Trace
mode is canceled by clearing the T bit in EXR to 0. The T bit saved on the stack retains its value
of 1, and trace mode resumes when control is returned from the trace exception handling routine
by the RTE instruction. Trace exception handling is not carried out after execution of the RTE
instruction.

Interrupts are accepted even within the trace exception handling routine.

Table 3.3  Status of CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
[Legend]
1: Setto 1
0: Cleared to 0

— Retains value prior to execution.
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3.5 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The interrupt controller has two interrupt
control modes and can assign interrupts other than NMI to four priority/mask levels to enable
multiplexed interrupt control. The source to start interrupt exception handling and the vector
address differ depending on the product. For details, see section 4, Interrupt Controller.

The interrupt exception handling is as follows:

1. The values in the program counter (PC), condition code register (CCR), and extended register
(EXR) are saved in the stack.

The interrupt mask bit is updated and the T bit is cleared to 0.

3. A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution starts from that address.

3.6 Trap Instruction Exception Handling

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all times in the program execution state.

The trap instruction exception handling is as follows:

1. The values in the program counter (PC), condition code register (CCR), and extended register
(EXR) are saved in the stack.

The interrupt mask bit is updated and the T bit is cleared to 0.

A vector address corresponding to the interrupt source is generated, the start address is loaded
from the vector table to the PC, and program execution starts from that address.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from O to 3, as specified in the instruction code.

Table 3.4 shows the status of CCR and EXR after execution of trap instruction exception handling.
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Section 3 Exception Handling

Table 3.4  Status of CCR and EXR after Trap Instruction Exception Handling
CCR EXR

Interrupt Control Mode | ul 12to 10 T

0 1 — — —

2 1 — — 0

[Legend]

1: Setto 1

0: Clearedto 0

— Retains value prior to execution.

3.7 Stack Status after Exception Handling

Figure 3.2 shows the stack after completion of trap instruction exception handling and interrupt

exception handling.

Advanced Modes

SP— CCR

PC (24 bits)

Interrupt control mode 0

Note: * Ignored on return.

SP—

EXR

Reserved*

CCR

PC (24 bits)

Interrupt control mode 2

Figure 3.2 Stack Status after Exception Handling
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3.8 Usage Note

When accessing word data or longword data, this LSI assumes that the lowest address bit is 0. The
stack should always be accessed by word transfer instruction or longword transfer instruction, and
the value of the stack pointer (SP, ER7) should always be kept even.

Use the following instructions to save registers:

PUSH.W Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 3.3 shows an example of operation
when the SP value is odd.

Address
CCR SP— R1L H'FFFEFA
SP— L ] L ] H'FFFEFB
PC PC HFFFEFC
I N [ ~ |nFrreFD
______________________________________________________________ HFFFEFE
SPo b ] H'FFFEFF
TRAPA instruction executed MOV.B R1L,@-ER7
E—— e Instruction executed
Data saved above SP Contents of CCR lost

SP set to H'FFFEFF
[Legend]
CCR : Condition code register
PC : Program counter
R1L : General register R1L
SP : Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0, in advanced mode.

Figure 3.3 Operation when SP Value Is Odd
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Section 4 Interrupt Controller

4.1 Features

e Two interrupt control modes

Either of the two interrupt control modes can be selected by means of the INTM1 and INTMO
bits in the interrupt control register (INTCR).

e Priorities settable with IPR
An interrupt priority register (IPR) is provided for setting interrupt priorities. Four priority
levels can be set for each module for all interrupts except NMI. NMI and some flash memory
interrupts are assigned the highest priority level of 3, and can be accepted at all times.

e Independent vector addresses

Most interrupt sources are assigned independent vector addresses, making it unnecessary for
the source to be identified in the interrupt handling routine.

e Nine external interrupts

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
can be selected for NMI. Falling edge, rising edge, or both edges can be selected independently
for IRQ7 to IRQO.

e DTC control

DTC activation is performed by means of interrupt requests.
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A block diagram of the interrupt controller is shown in figure 4.1.

INTM1 INTMO CPU
INTCR|
NMIEG L
NMI input > NMI input unit > Interrupt
request
; N IRQ input unit - "
IRQ input — ISR > Vector
number
N N
ISCR||IER Priority
determination
Internal |
interrupt | CCR
i:;rfgzs | 1to 10 | EXR
|
ITGUD
Interrupt controller

Figure 4.1 Block Diagram of Interrupt Controller
Table 4.1 shows the pin configuration of the interrupt controller.

Table 4.1 Pin Configuration

Name 1/0 Function

NMI Input Nonmaskable external interrupt
Rising or falling edge can be selected.

IRQ7 to IRQO Input Maskable external interrupts
Rising, falling, or both edges can be selected independently.
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4.2 Register Descriptions

e Interrupt control register (INTCR)

e JRQ sense control register H (ISCRH)

e IRQ sense control register L (ISCRL)

e JRQ enable register (IER)

e IRQ status register (ISR)

e Interrupt priority register A (IPRA)

e Interrupt priority register B (IPRB)

e Interrupt priority register C (IPRC)

e Interrupt priority register D (IPRD)

e Interrupt priority register E (IPRE)

e Interrupt priority register F (IPRF)

e Interrupt priority register G (IPRG)

e Interrupt priority register H (IPRH)

e Interrupt priority register I (IPRI)

e Interrupt priority register J (IPRJ)

e Interrupt vector offset register (VOFR)

¢ IRQ noise canceler control register (INCCR)
e Event link interrupt control status register (ELCSR)
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4.2.1 Interrupt Control Register (INTCR)

Address: H'FF0520

Bit: b7 b6 b5 b4 b3 b2 b1 b0
_ _ INTM[1:0] NMIEG ADTRG1 | ADTRGO -
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 — Reserved These bits are read as 0. The write value should —
6 be 0.
5 INTM[1:0] Interrupt control 00: Interrupt control mode 0 R/W
4 select mode 1 Interrupts are controlled by the | bit.
and 0 01: Setting prohibited
10: Interrupt control mode 2
Interrupts are controlled by bits 11 and 10, and
IPR.
11: Setting prohibited
3 NMIEG NMI edge select O: Interrupt request is generated at falling edge of R/W
NMI input.
1: Interrupt request is generated at rising edge of
NMI input.
2 ADTRG1 ADTRG2edge 0: AD2 conversion is started at falling edge of R/W
select ADTRG2 input.
1: AD2 conversion is started at rising edge of
ADTRG2 input.
1 ADTRGO ADTRG1 edge 0: AD1 or AD2 conversion is started at falling edge R/W
select of ADTRG1 input.
1: AD1 or AD2 conversion is started at rising edge
of ADTRG1 input.
0 — Reserved This bit is read as 0. The write value should be 0. —

e INTMI1 and INTMO bits (interrupt control select mode 1 and 0)

These bits select the interrupt control mode for the interrupt controller.

e NMIEG bit (NMI edge select)
Selects the input edge for the NMI pin.
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e ADTRGI and ADTRGO bits (ADTRG?2 and ADTRGI edge select)
These bits select the input edge for the ADTRG2 and ADTRGI pins.
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4.2.2

e JPRA to IPRJ

Address: H'FF0529 to H'FF0532

Interrupt Priority Registers A to J (IPRA to IPR])

Bit: b7 b6 b5 b4 b3 b2 b1 b0
IPRN[7:6] IPRN[5:4] IPRn[3:2] IPRN[1:0]
Value after reset: 1 1 1 1 1 1 1 1
(n=AtoJ)

Bit Symbol Bit Name Description R/W
7 IPRN[7:6] Interrupt priority 00: Priority level O (lowest) R/W
6 7and 6 01: Priority level 1

10: Priority level 2

11: Priority level 3 (highest)
5 IPRN[5:4]  Interrupt priority 00: Priority level O (lowest) R/W
4 5and 4 01: Priority level 1

10: Priority level 2

11: Priority level 3 (highest)
3 IPRN[3:2] Interrupt priority 00: Priority level O (lowest) R/W
2 3and2 01: Priority level 1

10: Priority level 2

11: Priority level 3 (highest)
1 IPRn[1:0] Interrupt priority 00: Priority level O (lowest) R/W
0 Tand0 01: Priority level 1

10: Priority level 2

11: Priority level 3 (highest)
[Legend]
n=AtoJ

e IPRn7 to IPRnO bits (Interrupt priority 7 to 0) (n = A to J)

IPR are ten 8-bit readable/writable registers that set priorities (levels 3 to 0) for interrupt sources
other than Nonmaskable interrupt request (NMI). The correspondence between interrupt sources
and IPR settings is shown in table 4.2. Setting a value in the range from H'0 to H'3 in the 2-bit
groups of bits 7 and 6, 5 and 4, 3 and 2, and 1 and O determines the priority of the corresponding
interrupt requests.
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Table 4.2  Correspondence between Interrupt Sources and IPR Settings

Register Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IPRA Flash memory WDT LVD CPG
IPRB IRQO IRQ1 IRQ2 IRQ3
IPRC IRQ4 IRQ5 IRQ6 IRQ7
IPRD A/D converter A/D converter DTC ELC

unit 1 unit 2%’
IPRE SCI3 channel 1 SCI3 channel 2 SCI3 channel X —
IPRF — — [IC2/SSU —
IPRG — Timer RA Timer RB Timer RC*
IPRH Timer RD unit 0 Timer RD unit 0 Timer RD unit 1 Timer RD unit 1
channel 0 channel 1 channel 2*° channel 3*°

IPRI Timer RE — Timer RG —
IPRJ SCIX TMR — —
Notes: —: Reserved

1. Provided for the H8S/20223R, H8S/20235R, H8S/20323R, and H8S/20335R Groups

only.

2. Provided for the H8S/20103R, H8S/20115R, H8S/20323R, and H8S/20335R Groups

only.

3. Not provided for the H8S/20103R and H8S/20115R Groups.
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4.2.3 IRQ Enable Register (IER)

Address: H'FF0521

Bit: b7 b6 b5 b4 b3 b1 b0
IRQ7E IRQBE IRQS5E IRQ4E IRQ3E IRQ1E IRQOE

Value after reset: 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 IRQ7E IRQ7 enable 0: IRQY7 interrupts are disabled. R/W
1: IRQ7 interrupts are enabled.

6 IRQ6E IRQ6 enable 0: IRQ6 interrupts are disabled. R/W
1: IRQ6 interrupts are enabled.

5 IRQ5E IRQ5 enable 0: IRQ5 interrupts are disabled. R/W
1: IRQ5 interrupts are enabled.

4 IRQ4E IRQ4 enable 0: IRQ4 interrupts are disabled. R/W
1: IRQ4 interrupts are enabled.

3 IRQ3E  IRQ3 enable 0: IRQ3 interrupts are disabled. R/W
1: IRQ3 interrupts are enabled.

2 IRQ2E  IRQ2 enable 0: IRQ2 interrupts are disabled. R/W
1: IRQ2 interrupts are enabled.

1 IRQ1E  IRQ1 enable 0: IRQ1 interrupts are disabled. R/W
1: IRQ1 interrupts are enabled.

0 IRQOE  IRQO enable 0: IRQO interrupts are disabled. R/W
1: IRQO interrupts are enabled.
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4.2.4 IRQ Sense Control Register H and L. ISCRH and ISCRL)

e ISCRH

Address: H'FF0522

Bit: b7 b6 b5 b4 b3 b2 b1 b0

IRQ7SCB IRQ7SCA IRQ6SCB IRQ6SCA IRQ5SCB IRQ5SCA IRQ4SCB IRQ4SCA

Value after reset: 0 1 0 1 0 1 0 1

e ISCRL

Address: H'FF0523

Bit: b7 b6 b5 b4 b3 b2 b1 b0

IRQ3SCB | IRQ3SCA | IRQ2SCB | IRQ2SCA | IRQ1SCB | IRQ1SCA | IRQOSCB | IRQOSCA

Value after reset: 0 1 0 1 0 1 0 1
e ISCRH
Bit Symbol Bit Name Description R/W
7 IRQ7SCB IRQ7 sense 00: Reserved (setting prohibited) R/W
6 IRQ7SCA controlBand A . Interrupt request is generated at falling edge

of IRQ7 input.

10: Interrupt request is generated at rising edge
of IRQ7 input.

11: Interrupt request is generated at both falling
and rising edges of IRQ7 input.

5 IRQ6SCB  IRQ6 sense 00: Reserved (setting prohibited) R/W
4 IRQ6SCA  controlBand A 4. |hterrupt request is generated at falling edge
of IRQ6 input.
10: Interrupt request is generated at rising edge
of IRQ6 input.

11: Interrupt request is generated at both falling
and rising edges of IRQ6 input.
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Bit Symbol

Bit Name

Description R/W

3 IRQ5SCB
2 IRQ5SCA

IRQ5 sense
control B and A

00:
01:

10:

11:

Reserved (setting prohibited) R/W

Interrupt request is generated at falling edge
of IRQ5 input.

Interrupt request is generated at rising edge
of IRQ5 input.

Interrupt request is generated at both falling
and rising edges of IRQ5 input.

IRQ4SCB
0 IRQ4SCA

IRQ4 sense
control B and A

00:
01:

10:

11:

Reserved (setting prohibited) R/W

Interrupt request is generated at falling edge
of IRQ4 input.

Interrupt request is generated at rising edge
of IRQ4 input.

Interrupt request is generated at both falling
and rising edges of IRQ4 input.
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Bit

ISCRL
Symbol

Bit Name

Description

R/W

7
6

IRQ3SCB
IRQ3SCA

IRQ3 sense
control B and A

00:
01:

10:

11:

Reserved (setting prohibited)

Interrupt request is generated at falling edge
of IRQ3 input.

Interrupt request is generated at rising edge
of IRQ3 input.

Interrupt request is generated at both falling
and rising edges of IRQ3 input.

R/W

IRQ2SCB
IRQ2SCA

IRQ2 sense
control B and A

00:
01:

10:

11:

Reserved (setting prohibited)

Interrupt request is generated at falling edge
of IRQ2 input.

Interrupt request is generated at rising edge
of IRQ2 input.

Interrupt request is generated at both falling
and rising edges of IRQ2 input.

R/W

IRQ1SCB
IRQ1SCA

IRQ1 sense
control B and A

00:
01:

10:

11:

Reserved (setting prohibited)

Interrupt request is generated at falling edge
of IRQ1 input.

Interrupt request is generated at rising edge
of IRQ1 input.

Interrupt request is generated at both falling
and rising edges of IRQ1 input.

R/W

IRQOSCB
IRQOSCA

IRQO sense
control B and A

00:
01:

10:

11:

Reserved (setting prohibited)

Interrupt request is generated at falling edge
of IRQO input.

Interrupt request is generated at rising edge
of IRQO input.

Interrupt request is generated at both falling
and rising edges of IRQO input.

R/W
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4.2.5 IRQ Status Register (ISR)

Address: H'FF0524

Bit: b7 b6 b5 b4 b1 b0
IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ1F IRQOF
Value after reset: 0 0 0 0 0 0
Bit  Symbol Bit Name Description R/W
7 IRQ7F IRQ7 flag [Setting condition] R/W
6 IRQ6F IRQ6 flag ¢ When the interrupt source selected by ISCR R/W
5 IRQ5F IRQ5 flag occurs. R/W
4 IRQ4F IRQ4 flag [Clearing conditions] W
3 IRQ3F IRQ3 flag e When 1 is read from the bit and then O is written to gpy
2 IRQ2F  IRQ2 flag the same bit . o W
T e o TR
0 IRQOF IRQO flag detection is set. R/W

When the DTC is activated by an IRQn interrupt
and the DISEL bit in MRB of the DTC is 0.
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Section 4 Interrupt Controller

4.2.6 IRQ Noise Canceler Control Register (INCCR)
Address: H'FF0525
Bit: b7 b6 b5 b4 b3 b2 b1 b0
_ _ INCCR[5:4] INCCR[3:2] INCCR[1:0]
Value after reset: 0 0 1 1 1 1 1
Bit Bit Name Initial Value Description R/W
7 — Reserved These bits are always read as 0. The write value  —
6 should always be 0.
5 INCCR[5:4] Noise canceling 00: Noise canceling ability 1 R/W
4 ability setting 5 4. Nojse canceling ability 2 (approximately 1.5
apd 4 for NMI times as capable as noise canceling ability 1)
pin . . . .
10: Noise canceling ability 3 (approximately 2.7
times as capable as noise canceling ability 1)
11: Noise canceling ability 4 (approximately 5 times
as capable as noise canceling ability 1)
INCCR[3:2] Noise canceling 00: Noise canceling ability 1 R/W
ability setting 3 4. Nojge canceling ability 2 (approximately 1.5
and 2 for IRQ7 times as capable as noise canceling ability 1)
to IRQ4 pins
10: Noise canceling ability 3 (approximately 2.7
times as capable as noise canceling ability 1)
11: Noise canceling ability 4 (approximately 5 times
as capable as noise canceling ability 1)
1 INCCR[1:0] Noise canceling 00: Noise canceling ability 1 R/W
0 ability setting 1 4. Nojge canceling ability 2 (approximately 1.5
and 0 for !RQS times as capable as noise canceling ability 1)
to IRQO pins
10: Noise canceling ability 3 (approximately 2.7
times as capable as noise canceling ability 1)
11: Noise canceling ability 4 (approximately 5 times
as capable as noise canceling ability 1)
Note: Noise canceling ability varies according to the manufacturing condition, temperature, and

V... When NMI or IRQ pin is in use, input pulses over longer intervals than the specified
minimum interval for input.
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4.2.7

Address: H'FF0526

Bitt b15 bi14 bi13 b12 bi1 bi0

b9

Interrupt Vector Offset Register (VOFR)

b8 b7 b6 b5 b4 b3 b2 b1 b0

|bit15 |bit14 | bit13| bit12| bit11 | bit10| bit9 | bit8 | bit7 | bité | bits | bit4 | bit3 | bit2 | bit1 | bit0

Value afterreset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MSB LSB
bit15 bit14 bit13 bit12 bit11 bit10 bitd bit8 bit7 bit6 bits bit4 bit3 bit2 bit1 bitd
VOFR oioio!
+
Interrupt vector
base address l |0|0|0|0|0 0|0| | | | | | | | | |
A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11|A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
veoragawess | | [ [ [ [ [ [ [ [ ][ ][] T T T T T[] ]]]

VORFR is a 16-bit readable/writable register that sets an offset for an interrupt vector address.

Interrupt vector areas other than the trace interrupt area and trap instruction interrupt area can be
varied with the offset. The upper 13 bits are used to set the offset for the interrupt vector address
(A23 to Al1). Bits 2 to 0 are reserved. The write value should always be 0. This register also can

be accessed in 8-bit units.

The vector address can be obtained by adding the VOFR value to the interrupt vector base address
as shown above, except for the trace interrupt and trap instruction interrupt.

This register is initialized to H'0000 by a reset.
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4.2.8 Event Link Interrupt Control Status Register (ELCSR)

Address: H'FF0528

Bit: b7 b6 b5 b4 b3 b2 b1 b0
- - - - ELIE2 ELIE1 ELF2 ELF1
Value after reset: 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7t04 — Reserved These bits are read as 0. The write value should —
be 0.
3 ELIE2 ELC interrupt 2 0: ELF2 interrupts are disabled. R/W
enable 1: ELF2 interrupts are enabled.
2 ELIE1 ELC interrupt 1 0: ELF1 interrupts are disabled. R/W
enable 1: ELF1 interrupts are enabled.
1 ELF2 ELC interrupt  [Setting condition] R/W
flag 2

¢ When the event selected by ELSR30 occurs*"’
[Clearing conditions]
¢ When 1 is read from this bit and then 0 is
written to the same bit.
e When the DTC is activated by an ELF2
interrupt, and the DISEL bit in MRB of the DTC
is 0.%
0 ELF1 ELC interrupt  [Setting condition] R/W
flag 1

¢ When the event selected by ELSR12 occurs*"’

[Clearing conditions]

e When 1 is read from this bit and then 0 is
written to the same bit.

e When the DTC is activated by an ELF1
interrupt, and the DISEL bit in MRB of the DTC
is 0.%

Notes: 1. For details, see section 12, Event Link Controller.

2. When the DTC is activated by an ELF1 or ELF2 interrupt, the event link source module
is not affected.

RO1UHO0185EJ0300 Rev. 3.00

Page 99 of 1126
Sep 25, 2012 RENESAS



H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
Section 4 Interrupt Controller H8S/20215R, H85/20235R, H8S/20335R Groups

4.3 Interrupt Sources

4.3.1 External Interrupt sources

There are nine external interrupts: NMI and IRQ7 to IRQO. These external interrupts can be used
to cause the device to exit from standby mode.

(1) NMI Interrupt

The nonmaskable interrupt request (NMI) is the highest-priority interrupt, and always accepted by
the CPU regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The
NMIEG bit in INTCR can be used to select whether an interrupt is requested at a rising edge or a
falling edge on the NMI pin.

(2) IRQ7 to IRQO Interrupts

Interrupts IRQ7 to IRQO are generated by an input signal at pins IRQ7 to IRQO. IRQ7 to IRQO
interrupts have the following features:

e Using ISCR, it is possible to select whether an interrupt on the IRQ7 to IRQO input pins is
generated by a falling edge, rising edge, or both edges.

e Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.
e The interrupt priority level can be set with IPR.

e The status of interrupt requests IRQ7 to IRQO is indicated in ISR. ISR flags can be cleared to 0
by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 4.2.
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IRQnE
INCCRn IRQNSCB, IRQNSCA

; ‘ IRQNF
Noise cancel Edge detection »ls a IRQn interrupt
circuit circuit o request

IRQn input ’—> R
n=7t0

Clear signal

Figure 4.2 Block Diagram of IRQ7 to IRQO Interrupt

4.3.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. They can be controlled
independently. When the enable bit is set to 1, an interrupt request is issued to the interrupt
controller.

e The interrupt priority level can be set by means of IPR.

e The DTC can be activated by a peripheral module interrupt request.

e  When the DTC is activated by an interrupt request, it is not affected by the interrupt control
mode or CPU interrupt mask bit.
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Section 4 Interrupt Controller H8S/20215R, H85/20235R, H8S/20335R Groups

4.4 Interrupt Exception Handling Vector Table
Table 4.3 shows interrupt exception handling sources, vector addresses, and interrupt priorities.

For default priorities, the lower the vector number, the higher the priority. When interrupt control
mode 2 is set, priorities among modules can be changed by the IPR. Modules set at the same
priority will conform to their default priorities. Priorities within a module are fixed.
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H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 4 Interrupt Controller

Table 4.3 Interrupt Sources, Vector Addresses, and Interrupt Priorities
Origin of
Interrupt Vector
Source Interrupt Source Number Vector Address*' DTCER IPR Priority
RES Pin Reset 0 H'0000 to H'0003 — — High
WDT 1. RES pin reset 4
LVD 2. WDT overflow
3. LVD reset
4. Software reset
— Reserved 1to 4 H'0004 to H'0013 — —
CPU Trace 5 H'0014 to H'0017 — —
— Reserved 6 H'0018 to H'001B — —
External NMI 7 H'001C to H'001F — —
pin
CPU TRAPAO (TRAPA #0 8 H'0020 to H'0023 — —
instruction)
TRAPAO (TRAPA #1 9 H'0024 to H'0027 — —
instruction)
TRAPAO (TRAPA #2 10 H'0028 to H'002B — —
instruction)
TRAPAO (TRAPA #3 11 H'002C to H'002F — —
instruction)
— Reserved 12to 15 H'0030 to H'OO3F — —
FLASH IFMBSYA (access 16 H'0040 to H'0043 — —
when flash memory
busy)
IFLRDY (flash 17 H'0044 to H'0047 — IPRA7 and
memory ready) IPRA6
WDT IWDT (WDT periodic 18 H'0048 to H'004B — IPRA5 and
interrupt) IPRA4
LVD ILVINT1 (low-voltage 19 H'004C to H'004F — IPRAS3 and
detected interrupt 1) IPRA2
ILVINT2 (low-voltage 20 H'0050 to H'0053 —
detected interrupt 2)
CPG ICKSW (clock 21 H'0054 to H'0057 — IPRA1 and \4
switching interrupt) IPRAO Low
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Origin of
Interrupt Vector
Source Interrupt Source  Number Vector Address*' DTCER IPR Priority
External  IRQO 22 H'0058 to H'005B DTCEA7 IPRB7 and High
pin IPRB6 A
IRQ1 23 H'005C to H'0O0O5F DTCEA6 IPRB5 and
IPRB4
IRQ2 24 H'0060 to H'0063 DTCEA5 IPRB3 and
IPRB2
IRQ3 25 H'0064 to H'0067 DTCEA4 IPRB1 and
IPRBO
IRQ4 26 H'0068 to H'006B DTCEA3 IPRC7 and
IPRC6
IRQ5 27 H'006C to H'006F DTCEA2 IPRC5 and
IPRC4
IRQ6 28 H'0070 to H'0073 DTCEA1 IPRC3 and
IPRC2
IRQ7 29 H'0074 to H'0077 DTCEAO0 IPRC1 and
IPRCO
A/D IADEND_1 30 H'0078 to H'007B DTCEB7 IPRD7 and
converter (conversion end) IPRD6
unit 1 IADCMP_1 31 H'007C to H007F DTCEB6
(compare condition
match)
A/D IADEND_2 32 H'0080 to H'0083 DTCEB5 IPRD5 and
converter (conversion end) IPRD4
. 2
unit 2 ADCMP_2 33 H'0084 to H'0087 DTCEB4
(compare condition
match)
DTC ISWDTEND (data 34 H'0088 to H'008B — IPRD3 and
transfer end) IPRD2
ELC ELC1FP (ELSR12 35 H'008C to H'008F DTCEB3 IPRD1 and
event generation) IPRDO
ELC2FP (ELSR30 36 H'0090 to H'0093 DTCEB2 v
event generation) Low
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Origin of

Interrupt Vector

Source Interrupt Source Number Vector Address*' DTCER IPR Priority
SCI3 SCI3_1 ERI 37 H'0094 to H'0097 — IPRE7 and High
channel 1 1. Overrun error IPRE6 A

2. Parity error
3. Framing error

SCI3_1 RXI 38 H'0098 to H'009B  DTCEB1

SCI3_1 TXI 39 H'009C to H'009F DTCEBO

SCI3_1 TEI 40 H'00AO0 to H'O0A3 —
SCI3 SCI3_2 ERI 41 H'00A4 to H'00A7 — IPRE5 and
channel 2 1. Overrun error IPRE4

2. Parity error
3. Framing error

SCI3_2 RXI 42 H'00A8 to H'0O0OAB DTCEC7

SCI3_2 TXI 43 H'00AC to H'0OOAF DTCEC6

SCI3_2 TEI 44 H'00BO to H'00B3 —
SCI3 SCI3_X ERI 45 H'00B4 to H'0O0B7 — IPRE3 and
channel X 1. Overrun error IPRE2

2. Parity error
3. Framing error

SCI3_X RXI 46 H'00B8 to H'0O0BB DTCEC5
SCI3_X TXI 47 H'00BC to H'OOBF DTCEC4
SCI3_X TEI 48 H'00CO to H'00C3 —
— Reserved 49t0 58 H'00C4 to HOOEB — —
IIC2/SSU 1. lIC-BUS mode 59 H'00EC to H'OOEF — IPRF3 and
— NAKI IPRF2
— STPI
2. Clock
synchronous mode
— Overrun
3. SSU mode

— Overrun (OEI)
— Conflict (CEI)

RXI 60 H'00F0 to H'OOF3  DTCED7
TXI 61 H'O0F4 to H'OOF7  DTCED®6 v
TEI 62 H'OOF8 to HOOFB — Low
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Origin of
Interrupt
Source

Interrupt Source

Vector

Number Vector Address*'

DTCER

IPR

Priority

Reserved

63 to 68 H'00OFC to H'0113

High

Timer RA/
HW-LIN

1. Timer RA
— ITAUD

2. HW-LIN

— Bus conflict
detection
(BCDCT)

— Sync Break
detection
(SBDCT)

— Sync Field
measurement
end (SFDCT)

69

H'0114 to H'0117

IPRG5 and
IPRG4

A

Timer RB

ITBUD

70

H'0118 to H'011B

IPRG3 and
IPRG2

Timer RC*®

ITCMA (input
capture A/compare
match A)

71

H'011C to H'O11F

DTCED3

IPRG1 and
IPRGO

ITCMB (input
capture B/compare
match B)

72

H'0120 to H'0123

DTCED2

ITCMC (input
capture C/compare
match C)

73

H'0124 to H'0127

DTCED1

ITCMD (input
capture D/compare
match D)

74

H'0128 to H'012B

DTCEDO

ITCOV counter
overflow

75

H'012C to H'012F

Timer RD
unit 0
channel 0

ITDMAO_O (input
capture A/compare
match A)

76

H'0130 to H'0133

DTCEE7

IPRH7 and
IPRH6

ITDMBO_O (input
capture B/compare
match B)

77

H'0134 to H'0137

DTCEE6

Low
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Section 4 Interrupt Controller

Origin of
Interrupt
Source

Interrupt Source

Vector

Number Vector Address*'

DTCER

IPR Priority

Timer RD
unit 0
channel 0

ITDMCO_O (input
capture C/compare
match C)

78

H'0138 to H'013B

DTCEE5

ITDMDO_O (input
capture D/compare
match D)

H'013C to H'013F

DTCEE4

ITDOVO_O overflow

80

H'0140 to H'0143

Timer RD
unit 0
channel 1

ITDUDO_1 underflow

H'0144 to H'0147

IPRH7 and High

IPRH6
A

ITDMAO_1 (input
capture A/compare
match A)

82

H'0148 to H'014B

DTCEE3

ITDMBO_1 (input
capture B/compare
match B)

83

H'014C to H'014F

DTCEE2

ITDMCO_1 (input
capture C/compare
match C)

84

H'0150 to H'0153

DTCEEH

ITDMDO_1 (input
capture D/compare
match D)

85

H'0154 to H'0157

DTCEEO

ITDOVO_1 overflow

86

H'0158 to H'015B

IPRH5 and
IPRH4

Timer RD
unit 1
channel 2+

ITDMA1_2 (input
capture A/compare
match A)

87

H'015C to H'015F

DTCEF7

ITDMB1_2 (input
capture B/compare
match B)

88

H'0160 to H'0163

DTCEF6

ITDMC1_2 (input
capture C/compare
match C)

89

H'0164 to H'0167

DTCEF5

ITDMD1_2 (input
capture D/compare
match D)

90

H'0168 to H'016B

DTCEF4

ITDOV1_2 overflow

91

H'016C to H'016F

IPRH3 and
IPRH2

Low
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Origin of
Interrupt Vector
Source Interrupt Source Number Vector Address*' DTCER IPR Priority
Timer RD  ITDUD1_3 underflow 92 H'0170 to H'0173 — IPRH3 and High
unit 1 IPRH2 A
channel 3**
ITDMA1_3 (input 93 H'0174 to H'0177 DTCEF3 IPRH1 and
capture A/compare IPRHO
match A)
ITDMB1_3 (input 94 H'0178 to H'017B DTCEF2
capture B/compare
match B)
ITDMC1_3 (input 95 H'017C to H'017F DTCEF1
capture C/compare
match C)
ITDMD1_3 (input 96 H'0180 to H'0183 DTCEFO
capture D/compare
match D)
ITDOV1_3 overflow 97 H'0184 to H'0187 —
— Reserved 98,99 H'0188to H'018F — —
Timer RE  Second interrupt 100 H'0190 to H'0193 DTCEG4 IPRI7 and
Minute interrupt 101 H'0194 to H'0197 DTCEG3 T HI6
Hour interrupt 102 H'0198 to H'019B DTCEG2
Day interrupt 103 H'019C to H'019F DTCEGH1
Week interrupt 104 H'01A0 to H'01A3 DTCEGO
Compare match 105 H'01A4 to H'01A7 —
— Reserved 106to  H'01A8to H'01B3 — —
108
Timer RG  ITGMA (input 109 H'01B4 to H'01B7 DTCEH3 IPRI3 and
capture A/compare IPRI2
match A)
ITGMB (input 110 H'01B8 to H'01BB DTCEH2
capture B/compare
match B)
ITGOV 111 H'01BC to H01BF —
ITGUD 112 H'01C0 to H01C3 —
— Reserved 113to  H'01C4to H'01D3 — — v
116 Low
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Section 4 Interrupt Controller

Origin of

Interrupt Vector
Source Interrupt Source Number Vector Address*'

DTCER

IPR Priority

SCIX SCIXO0 (break field 117
low width detection)

H'01D4 to H'01D7

IPRJ7 and High
IPRJ6 A

SCIX1 (control field 118
0 match, control field

1 match, priority

interrupt bit

detection)

H'01D8 to H'01DB

SCIX2 (bus conflict 119
detection)

H'01DC to H'01DF

SCIX3 (available 120
edge detection)

H'01EO to H'01E3

TMR CMIO (TCORA_O 121
compare match,
TCORB_0 compare
match)

H'01E4 to H'01E7

IPRJ5 and
IPRJ4

CMI1 (TCORA_1 122
compare match,
TCORB_1 compare
match)

H'01E8 to H'01EB

v
Low

Notes: 1. Lower 16 bits of the vector address when VOFR = H'0000

2. Provided for the H8S/20223R, H8S/20235R, H8S/20323R, and H8S/20335R Groups
only. This area is reserved for the other groups.
3. Provided for the H8S/20103R, H8S/20115R, H8S/20323R, and H8S/20335R Groups
only. This area is reserved for the other groups.
4. Not provided for the H8S/20103R and H8S/20115R Groups.
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4.5 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two modes: interrupt control mode 0 and interrupt control mode 2.
Interrupt operations differ depending on the interrupt control mode. The interrupt control mode is
selected by INTCR. Table 4.4 shows the differences between interrupt control mode 0 and
interrupt control mode 2.

Table 4.4  Interrupt Control Modes

Interrupt Priority Setting Interrupt
Control Mode Registers Mask Bits  Description
0 Default | The priorities of interrupt sources are fixed at
the default settings.
Interrupt sources except for NMI is masked by
the | bit.
2 IPR 11 and 10 Four priority levels except for NMI can be set
with IPR.
Four-level interrupt mask control is performed
by bits 11 and 0.
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4.5.1 Interrupt Control Mode 0

In interrupt control mode 0, interrupt requests except for NMI is masked by the I bit in CCR of the
CPU. Figure 4.3 shows a flowchart of the interrupt acceptance operation in this case.

1.

If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

If the I bit is set to 1, only an NMI interrupt is accepted, and other interrupt requests are held
pending. If the I bit is cleared, an interrupt request is accepted.

When interrupt requests are sent to the interrupt controller, the highest-ranked interrupt request
according to the priority system is accepted, and other interrupt requests are retained.

When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

The I bit in CCR is set to 1. This masks all interrupts except NMI.

The CPU generates a vector address for the accepted interrupt request and starts execution of
the interrupt handling routine at the address indicated by the contents of the start address in the
vector table.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

1

Program execution status

No

Interrupt generated

Yes

Yes
IFMBSYA*

" |Retained|

-

A
Save PC and CCR
I |

| |1 |

| Read vector address |

|Branch to interrupt handling routinel

Note: * Access interrupt when flash memory busy.

Figure 4.3 Flowchart of Procedure Up to Interrupt Acceptance

in Interrupt Control Mode 0
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4.5.2 Interrupt Control Mode 2

In interrupt control mode 2, mask control is executed in four levels for interrupt requests except
NMI by comparing the EXR interrupt mask level (I1 and I0 bits*) in the CPU and the IPR setting.
Figure 4.4 shows a flowchart of the interrupt acceptance operation.

1.

If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If the same priority are generated at the same time, the
interrupt request is selected according to the default priority system shown in table 4.3.

Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that time is
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of the first instruction to be executed after returning from
the interrupt handling routine.

The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt. If the accepted interrupt is NMI, the interrupt mask level is set to H'3.
The CPU generates a vector address for the accepted interrupt request and starts execution of
the interrupt handling routine at the address indicated by the contents of the start address in the
vector table.

Note: * The I2 bit does not affect the mask control.
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H8S/20215R, H8S/20235R, H8S/20335R Groups

;

Program execution status |

nterrupt m\No

Yes

IFMBSYA*

Level 3 interrupt

Mask
or b

Yes

evel 2 No
low

Yes

No

No

Level 2 interrupt

Yes

Mask level 1 No
or below

Yes

\
[ save Pc, ccRr, and EXR |

| Clear T bitto 0 [

| Update mask level |

| Read vector address |

|Branch to interrupt handling routinel

Note: * Access interrupt when flash memory busy.

A
Retained

Figure 4.4 Flowchart of Procedure Up to Interrupt Acceptance

in Interrupt Control Mode 2
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453 Interrupt Exception Handling Sequence

Figure 4.5 shows the interrupt exception handling sequence. The example shown is for the case
where interrupt control mode 0, the program area, and stack area are in on-chip memory.
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Section 4 Interrupt Controller
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454 Interrupt Response Time

Table 4.5 shows interrupt response time, the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine.

Table 4.5 Interrupt Response Times

Interrupt Control Interrupt Control
No. Execution Status Mode 0 Mode 2

Interrupt priority determination™ 3

N

Number of wait states until executing 1 to 21
instruction ends™

PC, CCR, EXR stack 2 3
Vector fetch

Instruction fetch™

||~ W

Internal processing™

Total (using on-chip memory) 1210 32 13to 33

Notes: 1. Two states in case of internal interrupt
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch
4. Internal processing after interrupt acceptance and internal processing after vector fetch

4.5.5 DTC Activation by Interrupt
The DTC can be activated by an interrupt request. In this case, the following options are available:

1. Interrupt request to CPU
2. Activation request to DTC
3. Both of the above

For details of interrupt requests that can be used to activate the DTC, see table 4.3 and section 11,
Data Transfer Controller (DTC).
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4.6 Usage Notes

4.6.1 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to mask interrupt requests, the masking becomes
effective after execution of the instruction. When an interrupt enable bit is cleared to O by an
instruction such as BCLR or MOV, if an interrupt is generated during execution of the instruction,
the interrupt concerned is still enabled on completion of the instruction, and so interrupt exception
handling for that interrupt will be executed after completion of the instruction. However, if there is
an interrupt request of higher priority than that interrupt, interrupt exception handling with the
higher-priority interrupt is executed, and that lower-priority interrupt will be ignored. The same
also applies when an interrupt source flag is cleared to 0. Figure 4.6 shows an example in which
the IRQOE bit in IER is cleared to 0. The above conflict does not occur if an enable bit or interrupt
source flag is cleared to 0 while the interrupt is masked.

|IER write cycle by CPU . )
IRQO exception handling

Internal

address bus IER address

Internal
write signal

IRQOE

IRQO flag J

e Ghn (RGREEET] EUEEEREES RURR VL e

IRQO
interrupt signal

Figure 4.6 Conflict between Interrupt Generation and Disabling
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4.6.2 Instructions that Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the I bit is set by one of these instructions, the new value becomes valid
after two states that execution of the instruction ends.

4.6.3 Time when Interrupts are Disabled

There are time when interrupt acceptance is disabled by the interrupt controller. The interrupt
controller disables interrupt acceptance for a 3-state period after the CPU has updated the mask
level with an LDC, ANDC, ORC, or XORC instruction.

4.6.4 Interrupts during Execution of EEPMOY Instruction
Interrupt operation differs between the EEPMOV.B instruction and the EEPMOV.W instruction.

With the EEPMOV B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction. Therefore, if an interrupt is generated during execution
of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV .W R4,R4
BNE Ll
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4.6.5 Changing PMR, ISCRH, ISCRL and INCCR

When the PMR, ISCRH, ISCRL, and INCCR are modified to change an IRQ7 to IRQO interrupt
function, the interrupt request flag bit may be set to 1 at an unintended time. To prevent this, the
pin function should be changed when the interrupt request is disabled, then the interrupt request
flag should be cleared to O after a specific interval time*.

Figure 4.7 shows the procedure to modify PMR (port mode register), ISCRH, ISCRL, and INCCR
and clear the interrupt request flags.

Note: Two states + a minimum interval for input (t,/t, )

Set | bit in CCR The interrupt is disabled.
to 1. (Interrupts can also be
disabled by setting IER.)

Modify PMR, ISCRH,
ISCRL, and INCCR.

After setting each register,
Wait for a specific -+— the interrupt request flag
period. should be cleared to 0 after
waiting for a specific period.

Clear interrupt request
flag to 0.

Clear | bitin CCR

- i
0. The Interrupt is enabled.

Figure 4.7 Procedure to Modify PMR, ISCRH, ISCRL, and INCCR and Clear Interrupt
Request Flag

4.6.6 IRQ Status Register (ISR)

Depending on the pin state after a reset, IRQnF may be set to 1. Therefore, always read ISR and
clear it to O after resets.
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4.6.7 NMI Pin

The NMI pin is also used to set up entry to boot mode on exit from the reset state. In using the
NMI pin, note that the low-level should not be being applied to the NMI pins on exit from the
reset state (including power-on reset). In general, it is recommended that the connection of a pull-
up resistor to the NMI pin.
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Section 5 Clock Pulse Generator

The clock pulse generator is comprised of a high-speed on-chip oscillator (OCO), a 1/2 divider for
the high-speed OCO, the main oscillator, a duty correction circuit, a low-speed OCO, a dedicated
low-speed OCO for the WDT, a sub-oscillator, a clock selection circuit, a system clock divider, a
PSC divider for peripheral modules, and a ¢s divider for the bus master and memory.

Table 5.1 lists clock source symbols and their meanings used in this manual.

Table 5.1  Clock Source Symbols

Symbol Description

040 High-speed OCO output

ohoco High-speed OCO frequency/2
oloco Low-speed OCO output

owloco WDT-dedicated low-speed OCO output
oosc Main oscillator output clock

osub Sub-oscillator output clock

ohigh High-speed clock (¢hoco or ¢posc)
olow Low-speed clock (¢loco or ¢sub)
obase System reference clock

0 System operation clock

oS Bus master operation clock
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51 Overview
e Choice of four clock sources:
¢loco, ¢sub, ¢phoco and posc
e Choice of two frequencies of the high-speed OCO by the user software:
40 MHz and 32 MHz
The signal generated by dividing the above clock by 2 can be used as a ¢base and the above
clock can be used as the clock source for timer RA, timer RC, timer RD, and timer RG.
e Trimmable high-speed OCO oscillation frequencies
Although the high-speed OCO is trimmed to 40 MHz in its initial state, it can also be trimmed
to accommodate specific user operation conditions.
e Main oscillation backup function
By detecting a dosc stop, it is possible to automatically switch the system clock to either ¢hoco
or ¢low.
e Clock switching interrupt function

When the system clock is switched from ¢osc to ¢hoco or ¢ploco, a CPU interrupt can be
generated if enabled.

Figure 5.1 shows a block diagram of the clock pulse generation circuit.

osc1
osc2

X1
X2

ittt ittt ittt u

i To timers RA, RC, RD, and RG1
i :
' 0 H
' - T
1| High- | 640 1/2 | ohoc !
1 | speed |divide High- o2 I
! 0co speed ohigh obase o/4 ' Peripheral
' clock |99 PSC T module
! — select gbase/2 P— divider : .
—* Mai uty osc | circuit .
scitator correction [—1-2 ¢base/4 08192 |
| circuit T
' base/8 '
' High-speed/|: ¢obase | System |oased '
| low-speed clock [obase/16 [~ 0 '
! Iclock select divider '
1| Low Joloco circut base/32 o2 |t
D8 <poed I o | e
H o 0s 'gs
| clock [ base/128 *| divider | _¢/8 T ° internal
' select | memory
—+> Sub | | Noise |¢sub circuit 616 !
bscillator] | canceller /32 '
' 3\ Clock select circuit '
| wDT-dedicated | owloco To WDT,
T
' low-speed OCO ) ) H
' To WDT, timer RA, and timer RE 1
' T
'

Clock pulse generator '

Figure 5.1 Block Diagram of Clock Pulse Generation Circuit
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The system reference clock (¢base) is the reference clock on which the CPU and on-chip
peripheral modules operate. ¢pbase can be divided by a value from 1 to 128 in the system clock
divider, and the divided clock is supplied as the system clock ¢. The system clock ¢ is divided by
a value from 2 to 8192 in the PSC divider, and the divided clock can be supplied to on-chip
peripheral modules. The system clock ¢ is also divided by a value from 1 to 32 in the ¢s divider,
and the divided clock can be supplied to the bus master and memory.

After release from a reset, dbase is switched to the low-speed OCO.

5.2 Register Descriptions

e Backup control register (BAKCR)

e System clock control register (SYSCCR)

e Power-down control register 1 (LPCR1)

e Power-down control register 2 (LPCR2)

e Power-down control register 3 (LPCR3)

e OSC oscillation settling control status register (OSCCSR)

e High-speed OCO control register (HOCR)

e High-speed OCO trimming data protect register (HOTRMDPR)

e High-speed OCO trimming data register | (HOTRMDR1)

e High-speed OCO trimming data register 2 (HOTRMDR?2)

e High-speed OCO trimming data register 3 (HOTRMDR3)

e High-speed OCO trimming data register 4 (HOTRMDR4)

e 32-MHz high-speed OCO trimming data register 1 (HO32TRMDR1)
e 32-MHz high-speed OCO trimming data register 2 (HO32TRMDR?2)
e 32-MHz high-speed OCO trimming data register 3 (HO32TRMDR3)
e 32-MHz high-speed OCO trimming data register 4 (HO32TRMDR4)
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5.2.1 Backup Control Register (BAKCR)

Address: H'FF06D4

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE OSCBAKE | BAKCKSEL | CKSWIE | CKSWIF [ OSCHLT -
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 Wi Write inhibit 0: Writing is permitted. w
1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W

1: Writing is enabled.
[Setting condition]

When 0 is written to Wl and 1 is written to WE at the
same time.

[Clearing condition]
When 0 is written to WI and WE at the same time.

5 OSCBAKE External clock  0: External clock backup is disabled. R/W
backup enable 1

: External clock backup is enabled.*

4 BAKCKSEL Backup 0: ¢low R/W
destination clock 1
source select

3 CKSWIE Clock switching  O: Interrupt requests are disabled. R/W
interrupt enable 1

: ohoco

: Interrupt requests are enabled.

2 CKSWIF Clock switching 0: A clock switching interrupt request has not been  R/W
interrupt flag generated.

1: A clock switching interrupt request has been
generated.

[Setting condition]

When the system clock for the LSl is switched from
oosc to phoco or olow while OSCBAKE is 1.

[Clearing condition]

When 1 is read from the bit and then 0 is written to
the same bit.
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Bit Symbol Bit Name Description R/W
1 OSCHLT  Main oscillator  0: The external main oscillator is oscillating. R

stop detectflag 1. The external main oscillator is stopped.

[Setting condition]
When the external main oscillator is stopped while

OSCBAKE is 1.
0 — Reserved This bit is read as 0. The write value should be 0. —
Notes: Be sure to use MOV instructions to write values to this register.

* Enable the external clock backup after completion of switching of the system clock from
oloco to posc. If enabling of the backup function is followed by switching of the system
clock from ¢loco to posc, switching of the clock signal may fail due to erroneous
detection by the clock-stop detection circuit. Furthermore, if an application is also using
the backup function in the period of switching of the system clock signal between ¢low
and ¢osc, disable the backup function while flow is in use as the system clock signal.

WI bit (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

WE bit (write enable)

Bits 5 to 2 in this register can be written to when this bit is 1.

OSCBAKE bit (external clock backup enable)

The main oscillator stop detect circuit is enabled when this bit is 1. When this LSI operates at
the external main oscillator clock, the backup function is enabled.

By detecting a dosc stop, the system clock is automatically switched to either ¢hoco or dlow.

CKSWIE bit (clock switching interrupt enable)
The main clock switching interrupt requests are enabled when this bit is 1.

CKSWIF bit (clock switching interrupt enable)

This is a clock switching interrupt request flag.

OSCHLT bit (main oscillator stop detect flag)

When the OSCBAKE bit is 1, this bit indicates the results of external oscillator stop detection.
This bit, however, simply indicates whether the oscillator is active or not; it does not indicate a
stable oscillation. When OSCBAKE is 0, this bit is always read as 0. An oscillator stop is
detected when the external oscillator is between O to 2 MHz.
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5.2.2 System Clock Control Register (SYSCCR)

Address: H'FFO6D0

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE PHIHSEL | PHILSEL - SUBNCI[1:0] -
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 Wi Write inhibit ~ 0: Writing is permitted. W
1: Writing is inhibited.
6 WE Write enable  0: Writing is disabled. R/W

1: Writing is enabled.
[Setting condition]

When 0 is written to WI and 1 is written to WE at the
same time.

[Clearing condition]
When 0 is written to WI and WE at the same time.

5 PHIHSEL  o¢high clock 0: ohoco R/W
source select

1: posc

[Setting condition]

When 1 is written to this bit while CKSWIF in BAKCR

is 0.

[Clearing conditions]

o When 0 is written to this bit.

o When the main oscillator stop state is detected
while the system clock selects ¢osc and
OSCBAKE and BAKCKSEL in BAKCR are 1,
respectively.

4 PHILSEL  ¢low clock 0: ¢loco R/W
source select 1: osub

3 — Reserved This bit is read as 0. The write value should be 0. —
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Bit Symbol Bit Name Description R/W
2,1 SUBNC osub noise 00: The sampling circuit is disabled. R/W
[1:0] g:nmcpj:ﬁgr; 01: Sampling is performed at ¢base/4.
function 10: Sampling is performed at pbase/16.
setting 11: Setting prohibited
0 — Reserved This bit is read as 0. The write value should be 0. —

Notes: A MOV instruction should be used to write to this register.

*  Only enable the sampling circuit after completion of switching of the system clock from
oloco to posc. If the sampling circuit is enabled while the system clock is ¢loco, the
supply of ¢ subclock will be stopped during the period of waiting for stable ¢posc
oscillation when the system clock is switched from ¢loco to ¢osc.

Furthermore, if an application is also using the sampling circuit of the noise canceler for
the ¢ subclock signal in the period of switching of the system clock signal between ¢low
and ¢osc, disable the sampling circuit of the noise canceler for the ¢ subclock signal
while olow remains in use as the system clock signal.

o  WI bit (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

o WE bit (write enable)
Bits 5, 4, 2, and 1 in this register can be written to when this bit is 1.

e PHIHSEL bit (¢high clock source select)

This bit is 1 when 0 is written to the WI bit in BAKCR at CKSWIF = 0 and WE = 1 and then 1
is written to this bit. If O is written to WI and this bit at WE = 1, this bit remains 0. If the main
oscillator stop is detected while the system clock selects ¢posc and OSCBAKE and
BAKCKSEL in BAKCR are 1, respectively, this bit is 0.

e PHILSEL bit (¢low clock source select)
When 0 is written to WI and 1 is written to this bit at WE = 1, this bit is 1.
When 0 is written to WI and this bit at WE = 1, this bit is 0.

e SUBNCI1:0] bits (¢sub noise canceler sampling function setting)

Selects a sampling clock for the sub oscillator noise canceler. Enable the sampling circuit
when ¢sub is selected as a clock source for the timer RE, timer RA, and watchdog timer.

Note: The frequency of the low-speed on-chip oscillator varies greatly according to the power
supply voltage and operating temperature. In designing application systems, allow
sufficient margins for frequency variation.
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523

Power-Down Control Register 1 (LPCR1)

Address: H'FFO6D1

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE SSBY PSCSTP | SLEEPRS | STBYRS - PHIBSEL
Value after reset: 1 0 0 1 0 0 0 0
Bit Symbol Bit Name Description R/W
7 Wi Write inhibit 0: Writing is permitted. w
1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W
1: Writing is enabled.
[Setting condition]
When 0 is written to Wl and 1 is written to WE at
the same time.
[Clearing condition]
When 0 is written to Wl and WE at the same time.
5 SSBY Software standby 0: A transition is made to sleep mode. R/W
1: A transition is made to standby mode.
4 PSCSTP  PSC divider stop 0: PSC divider is operating. R/W
1: PSC divider is stopped*.
3 SLEEPRS ¢ source select for 0: ¢plow R/W
recovery from 1: ohigh
sleep mode
2 STBYRS ¢ source select for 0: ¢low R/W
recovery from 1: ohigh
standby mode
1 — Reserved This bit is read as 0. The write value should be 0. —
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Bit Symbol Bit Name Description R/W
0 PHIBSEL obase clock  0: ¢low R/W

source select 1: ohigh

[Setting conditions]
e When 1 is written to this bit.

e When the system returns from sleep mode while
SLEEPRS s 1.

e When the system returns from standby mode
while STBYRS is 1.

[Clearing conditions]
e When 0 is written to this bit.

¢ When the main oscillator backup is generated
while BAKCKSEL in BAKCR is 0.
e When the system returns from sleep mode while
SLEEPRS is 0.
e When the system returns from standby mode
while STBYRS is 0.
Notes: A MOV instruction should be used to write to this register.

* QOperations of the peripheral modules using the ¢ clock are not affected by this bit
setting.

o  WI bit (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

o WE bit (write enable)
Bits 5 to 2 in this register can be written to when this bit is 1.

e SSBY bit (software standby)

Selects a mode to be entered after the SLEEP instruction is executed.

e PSCSTP bit (PSC divider stop)

Stops the PSC divider circuit when this bit is 1. Peripheral modules using ¢/2 to ¢/8192 clocks
stop operation. (The register values are retained.)

e SLEEPRS bit (¢ source select for recovery from sleep mode)

Selects a clock source to be used when a transition is made from sleep mode to active mode.
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e STBYRS bit (¢ source select for recovery from standby mode)
Selects a clock source to be used when a transition is made from standby mode to active mode.

e PHIBSEL bit (¢pbase clock source select)

Selects a clock source for the ¢base to be used in active mode or sleep mode.
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5.24 Power-Down Control Register 2 (LPCR2)

Address: H'FF06D2

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE - - _ PHI[2:0]
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 Wi Write inhibit 0: Writing is permitted. w
1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W

1: Writing is enabled.
[Setting condition]

When 0 is written to WI and 1 is written to WE at
the same time.

[Clearing condition]

When 0 is written to WI and WE at the same time.

5t03 — Reserved These bits are read as 0. The write value should —
be 0.
2t0o0 PHI[2:0] System clock ¢ 000: ¢pbase R/W
select 001: gbase/2

010: ¢obase/4
011: ¢obase/8
100: ¢base/16
101: ¢base/32
110: ¢base/64
111: ¢base/128

Note: A MOV instruction should be used to write to this register.

o  WI (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

o WE bit (write enable)

Bits 2 to 0 in this register can be written to when this bit is 1.
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e PHI[2:0] bits (system clock ¢ select)

Selects a clock source for the system clock ¢ to be used in active mode or sleep mode. The
clock is changed immediately after this bit is set.
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5.25 Power-Down Control Register 3 (LPCR3)

Address: H'FF06D3

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE STBYINT | SLEEPINT - PHIS[2:0]

Value after reset: 1 0 0 0 0 0 0 0

Bit Symbol Bit Name Description R/W

7 Wi Write inhibit 0: Writing is permitted. w

1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W
1: Writing is enabled.
[Setting condition]
When 0 is written to Wl and 1 is written to WE at
the same time.
[Clearing condition]
When 0 is written to Wl and WE at the same time.

5 STBYINT  Standby mode 0: No interrupt has occurred in standby mode. R
interrup.t 1: An interrupt has occurred in standby mode.
generation flag

[Setting condition]

When an interrupt is generated in standby mode.
[Clearing condition]

When an interrupt is generated in states other
than standby mode.

4 SLEEPINT Sleep mode 0: No interrupt has occurred in sleep mode. R
interrupt

generation flag

1: An interrupt has occurred in sleep mode.

[Setting condition]

When an interrupt is generated in sleep mode.

[Clearing condition]

When an interrupt is generated in states other

than sleep mode.
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Bit Symbol Bit Name Description R/W
3 — Reserved This bit is read as 0. The write value should be 0. —
2100 PHIS[2:0] Bus master 000: ¢ R/W
operation clock 001: ¢/2
os select
010: ¢/4
011: ¢/8
100: ¢/16
101: ¢/32

110: Setting prohibited
111: Setting prohibited

Note: A MOV instruction should be used to write to this register.

WI bit (write inhibit)

This register can be written to only when this bit is 0. This bit is always read as 1.

WE bit (write enable)

Bits 2 to 0 in this register can be written to when this bit is 1.

STBYINT bit (standby mode interrupt generation flag)

This bit is set to 1 when an interrupt is generated in standby mode. This bit is cleared to O
when an interrupt is generated in the other state.

SLEEPINT bit (sleep mode interrupt generation flag)

This bit is set to 1 when an interrupt is generated in sleep mode. This bit is cleared to 0 when
an interrupt is generated in the other state.

PHIS[2:0] bit (bus master operation clock ¢s select)

Selects a clock source for the bus master operation clock ¢s to be used in active mode or sleep
mode. The clock is changed immediately after this bit is set.
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5.2.6 OSC Oscillation Settling Control Status Register (OSCCSR)

Address: H'FF06D5

Bit: b7 b6 b5 b4 b3 b2 b1 b0
OSCWEF . - - STS[3:0]

Value after reset: 0 0 0 0 1 1 1 1

Bit Symbol Bit Name Description R/W

7 OSCWEF ¢osc oscillation
settling wait
state
completed flag

0: Number of wait states for a stable ¢osc oscillation R
has not elapsed.

1: Number of wait states for a stable ¢osc oscillation
has elapsed.

[Setting condition]

e The number of states specified by the STS[3:0] bits
having elapsed since starting of the main clock
oscillator

[Clearing conditions]

e Switching of the functions of the PJO and PJ1 pins
from general I/O to the oscillator functions

e A transition to standby mode while the PJO and PJ1
pins are functioning as oscillator pins

o Detection of stoppage of posc oscillation while the
backup function is enabled.

6to4 — Reserved These bits are read as 0. The write value should be 0. —
3to0 STS[3:0] oosc oscillation Specifies the number of wait states for a stable ¢osc R/W
settling time oscillation. For the relationship between assigned
select3t0 0 values and the numbers of wait states, see table 5.2.

e STS[3:0] bits (¢posc oscillation settling time select 3 to 0)

Specifies the number of wait states for a stable ¢posc oscillation. The count clock is ¢osc. Table
5.2 shows the relationship between assigned values and the numbers of wait states. If the
system reference clock is ¢posc when the system returns from the standby mode, or when the
system reference clock is switched to dosc, set these bits so that wait time will be 6.5 ms or
greater depending on the frequency of the oscillator.

The watchdog timer is enabled in the initial state. When switching the clock while the
watchdog timer is enabled, take account of the oscillation settling time in adjusting the
overflow cycle of the watchdog timer.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,

H8S/20215R, H8S/20235R, H8S/20335R Groups

If the ¢osc is already oscillating stably or the ¢osc is an external clock input, wait time can be
selected from 16 states (STS[3:0]=B'0000).

Table 5.2  Relationship between Operation Frequency and Number of Wait States
Bit Number of Operation Frequency
STS3 STS2 STS1 STSO Wait States 20MHz 16 MHz 10 MHz 8 MHz 4 MHz
0 0 0 0 16 states 0.00 0.00 0.00 0.00 0.00
0 0 0 1 32 states 0.00 0.00 0.00 0.00 0.01
0 0 1 0 64 states 0.00 0.00 0.01 0.01 0.02
0 0 1 1 128 states 0.01 0.01 0.01 0.02 0.03
0 1 0 0 256 states 0.01 0.02 0.03 0.03 0.06
0 1 0 1 512 states 0.03 0.03 0.05 0.06 0.13
0 1 1 0 1024 states  0.05 0.06 0.10 0.13 0.26
0 1 1 1 2048 states  0.10 0.13 0.20 0.26 0.51
1 0 0 0 4096 states  0.20 0.26 0.41 0.51 1.02
1 0 0 1 8192 states  0.41 0.51 0.82 1.02 2.05
1 0 1 0 16384 states  0.82 1.02 1.64 2.05 4.10
1 0 1 1 32768 states  1.64 2.05 3.28 4.10 8.19
1 1 0 0 65536 states  3.28 4.10 6.55 8.19 16.38
1 1 0 1 131072 states 6.55 8.19 13.11 16.38  32.77
1 1 1 0 262144 states 13.11 16.38 26.21 32.77 65.54
1 1 1 1 262144 states 13.11 16.38  26.21 32.77 65.54
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

Section 5 Clock Pulse Generator

5.2.7 High-Speed OCO Control Register (HOCR)

Address: H'FF062A

Bit: b7 b6 b5

b3 b2 b1 b0
HOCOE . — _ _ _
Value after reset: 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 HOCOE High-speed  0: The high-speed OCO is not used (standby state). R/W
OCO enable 4. the high-speed OCO is used.
6to0 — Reserved These bits are read as 0. The write value should be 0. —

e HOCOE bit (high-speed OCO enable)
Controls operation of the high-speed OCO.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups

5.2.8 High-Speed OCO Trimming Data Protect Register HOTRMDPR)

Address: H'FF062B

Bit: b7 b6 b5 b4 b3 b2 b1 b0
wi WE LOCKDW | TRMDRWE - - - -
Value after reset: 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Description R/W
7 Wi Write inhibit  0: Writing is permitted. w
1: Writing is inhibited.
6 WE Write enable 0: Writing is disabled. R/W
1: Writing is enabled.
[Setting condition]
When 0 is written to Wl and 1 is written to WE at the
same time.
[Clearing condition]
When 0 is written to Wl and WE at the same time.
5 LOCKDW Trimming 0: HOTMDR1 to HOTMDR4 can be written to. R/W
data register 4. 4HOTMDR1 to HOTMDR4 cannot be written to.
lock down
[Setting condition]
When 0 is written to Wl and 1 is written to LOCKDW
while WE is 1.
[Clearing condition]
Reset.
4 TRMDRWE  Trimming 0: Writing to HOTMDR1 to HOTMDR4 is prohibited. R/W
data register 4. yyyiting to HOTMDR1 to HOTMDRA4 is permitted.
write enable
[Setting condition]
When 0 is written to Wl and 1 is written to TRMDRWE
while WE is 1.
[Clearing condition]
When 0 is written to WI and TRMDRWE while WE is 1.
3to0 — Reserved These bits are read as 0. The write value should be 0. —

Note: A MOV instruction should be used to write to this register.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
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o  WI bit (write inhibit)
This register can be written to only when this bit is 0. This bit is always read as 1.

o  WE bit (write enable)

Bits 5 and 4 in this register can be written to when this bit is 1.

e LOCKDW bit (trimming data register lock down)
HOTMDRI1 to HOTMDR4 cannot be written to when this bit is 1. Once this bit is set to 1,
writing to HOTMDR1 to HOTMDRA is prohibited, even if O is written to this bit, until a reset
is applied.

e TRMDRWE bit (trimming data register write enable)
Writing to HOTMDRI1 to HOTMDRA4 is enabled when LOCKDW is 0 and TRMDRWE is 1.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
Section 5 Clock Pulse Generator H8S/20215R, H8S/20235R, H8S/20335R Groups

5.29 High-Speed OCO Trimming Data Register 1 (HOTRMDR1)

Address: H'FF062C

Bit: b7 b6 b5 b4 b3 b2 b1 b0

HOTRMDR1[7:0]

Value after reset: Undefined  Undefined  Undefined Undefined Undefined  Undefined  Undefined  Undefined

Bit Symbol Bit Name Description R/W
7to0 HOTRMDR1 Trimming High-speed OCO frequency trimming data (40 MHz) R/W
[7:0] data 1

e HOTMDRI1[7:0] bits (trimming data 17 to 10)

Immediately after a reset, trimming data that produces a 40-MHz oscillation is loaded into the
LSI, and the data is written to this register. Reading these bits yields an undefined value.

If this register is to be used for timing a 32-MHz oscillation, before setting the HOCOE bit in
HOCR to 1, write the value stored in HO32TRMDR1 into HOTRMDRI.

By rewriting bits 7 to 0 of this register, the high-speed OCO can be trimmed to the desired
frequency. When these bits are rewritten, the oscillator frequency of the high-speed OCO is
modified after the oscillation has become stable.

The frequency changes as follows:
B'00000000 (minimum frequency) — B'11111111 (maximum frequency)
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups Section 5 Clock Pulse Generator

5.210 High-Speed OCO Trimming Data Register 2 (HOTRMDR?2)

Address: H'FF062D

Bit: b7

b6 b5 b4 b3 b2 b1 b0

HOTRMDR2[7:0]

Value after reset: Undefined

Undefined  Undefined Undefined Undefined  Undefined  Undefined  Undefined

Bit Symbol Bit Name Description R/W
7t00 HOTRMDR2 Trimming High-speed OCO frequency trimming data (40 MHz) R/W
[7:0] data 2

Note:  Bit 7 should not be modified when the frequency is trimmed to a desired frequency.

e HOTRMDR2[7:0] bits (trimming data 27 to 20)

Immediately after a reset, trimming data that produces a 40-MHz oscillation is loaded into the
LSI, and the data is written to this register. Reading these bits yields an undefined value.

If this register is to be used for timing a 32-MHz oscillation, before setting the HOCOE bit in
HOCR to 1, write the value stored in HO32TRMDR?2 into HOTRMDR2.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
Section 5 Clock Pulse Generator H8S/20215R, H8S/20235R, H8S/20335R Groups

5.211 High-Speed OCO Trimming Data Register 3 (HOTRMDR3)

Address: H'FF062E

Bit: b7 b6 b5 b4 b3 b2 b1 b0

HOTRMDRS3[7:0]

Value after reset: Undefined Undefined  Undefined  Undefined  Undefined Undefined Undefined  Undefined

Bit Symbol Bit Name Description R/W
7to0 HOTRMDR3 Trimming High-speed OCO frequency trimming data (40 MHz) R/W
[7:0] data 3

Note:  Bit 7 should not be modified when the frequency is trimmed to a desired frequency.

e HOTRMDR3[7:0] bits (trimming data 37 to 30)
Immediately after a reset, trimming data that produces a 40-MHz oscillation is loaded into the
LSI, and the data is written to this register. Reading these bits yields an undefined value.
If this register is to be used for timing a 32-MHz oscillation, before setting the HOCOE bit in
HOCR to 1, write the value stored in HO32TRMDR3 into HOTRMDR3.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
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5.2.12 High-Speed OCO Trimming Data Register 4 (HOTRMDR4)

Address: H'FF062F

Bit: b7 b6 b5 b4 b3 b2 b1 b0

HOTRMDRA4[7:0]

Value after reset: Undefined Undefined  Undefined  Undefined  Undefined Undefined Undefined  Undefined

Bit Symbol Bit Name Description R/W
7to0 HOTRMDR4 Trimming High-speed OCO frequency trimming data (40 MHz) R/W
[7:0] data 4

Note:  Bit 7 should not be modified when the frequency is trimmed to a desired frequency.

e HOTRMDR4[7:0] bits (trimming data 47 to 40)
Immediately after a reset, trimming data that produces a 40-MHz oscillation is loaded into the
LSI, and the data is written to this register. Reading these bits yields an undefined value.
If this register is to be used for timing a 32-MHz oscillation, before setting the HOCOE bit in
HOCR to 1, write the value stored in HO32TRMDR4 into HOTRMDRA4.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
Section 5 Clock Pulse Generator H8S/20215R, H8S/20235R, H8S/20335R Groups

5.213 32-MHz High-Speed OCO Trimming Data Register 1 (HO32TRMDR1)

Address: H'FF063A

Bit: b7 b6 b5 b4 b3 b2 b1 b0

HO32TRMDR1[7:0]

Value after reset: Undefined Undefined  Undefined  Undefined  Undefined Undefined Undefined  Undefined

Bit Symbol Bit Name  Description R/W
7to0 HO32TRMDR1 32-MHz High-speed OCO frequency trimming data (32 R
[7:0] trimming MHz)
data 1

Note:  Bit 7 should not be modified when the frequency is trimmed to a desired frequency.

e HO32TRMDRI1[7:0] bits (32-MHz trimming data 17 to 10)
Immediately after a reset, trimming data that produces a 32-MHz oscillation is loaded into the
LSI, and the data is written to this register. Reading these bits yields an undefined value.
If 32-MHz oscillation is required then before setting the HOCOE bit in HOCR to 1, copy the
value stored in this register to HOTRMDRI.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
H8S/20215R, H8S/20235R, H8S/20335R Groups Section 5 Clock Pulse Generator

5.2.14 32-MHz High-Speed OCO Trimming Data Register 2 (HO32TRMDR?2)

Address: H'FF063B

Bit: b7 b6 b5 b4 b3 b2 b1 b0

HO32TRMDR2]7:0]

Value after reset: Undefined Undefined  Undefined  Undefined  Undefined Undefined Undefined  Undefined

Bit Symbol Bit Name Description R/W
7to0 HO32TRMDR2 32-MHz High-speed OCO frequency trimming data (32 MHz) R
[7:0] trimming
data 2

Note:  Bit 7 should not be modified when the frequency is trimmed to a desired frequency.

e HO32TRMDR2[7:0] bits (32-MHz trimming data 27 to 20)
Immediately after a reset, trimming data that produces a 32-MHz oscillation is loaded into the
LSI, and the data is written to this register. Reading these bits yields an undefined value.
If 32-MHz oscillation is required, then before setting the HOCOE bit in HOCR to 1, copy the
value stored in this register to HOTRMDR?2.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
Section 5 Clock Pulse Generator H8S/20215R, H8S/20235R, H8S/20335R Groups

5.2.15 32-MHz High-Speed OCO Trimming Data Register 3 (HO32TRMDR3)

Address: H'FF063C

Bit: b7 b6 b5 b4 b3 b2 b1 b0

HO32TRMDR3][7:0]

Value after reset: Undefined Undefined  Undefined  Undefined  Undefined Undefined Undefined  Undefined

Bit Symbol Bit Name Description R/W
7to0 HO32TRMDR3 32-MHz High-speed OCO frequency trimming data (32 MHz) R
[7:0] trimming
data 3

Note:  Bit 7 should not be modified when the frequency is trimmed to a desired frequency.

e HO32TRMDR3[7:0] bits (32-MHz trimming data 37 to 30)
Immediately after a reset, trimming data that produces a 32-MHz oscillation is loaded into the
LSI, and the data is written to this register. Reading these bits yields an undefined value.
If 32-MHz oscillation is required, then before setting the HOCOE bit in HOCR to 1, copy the
value stored in this register to HOTRMDR3.
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5.2.16 32-MHz High-Speed OCO Trimming Data Register 4 (HO32TRMDR4)

Address: H'FF063D

Bit: b7 b6 b5 b4 b3 b2 b1 b0

HO32TRMDRA4]7:0]

Value after reset: Undefined Undefined  Undefined  Undefined  Undefined Undefined Undefined  Undefined

Bit Symbol Bit Name Description R/W
7t0o0 HO32TRMDR4 32-MHz High-speed OCO frequency trimming data (32 MHz) R/W
[7:0] trimming
data 4

Note:  Bit 7 should not be modified when the frequency is trimmed to a desired frequency.

e HO32TRMDR4[7:0] bits (32-MHz trimming data 47 to 40)
Immediately after a reset, trimming data that produces a 32-MHz oscillation is loaded into the
LSI, and the data is written to this register. Reading these bits yields an undefined value.
If 32-MHz oscillation is required, then before setting the HOCOE bit in HOCR to 1, copy the
value stored in this register to HOTRMDRA4.
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H8S/20103R, H8S/20203R, H8S/20223R, H8S/20323R, H8S/20115R,
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53 Operation of Selection of System Reference Clock

After a reset, this LSI enters active mode operating in low-speed clocks. The user, 