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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou 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 lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the 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. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. 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.

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 errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“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.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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.
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 physica 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 system
manufactured by you.

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 aresult of your noncompliance with
applicable laws and regulations.

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

Please contact a Renesas Electronics sdes 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.
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

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

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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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 occur
due to the false recognition of the pin state as an input signal become possible. 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 type number, confirm

that the change will not lead to problems.

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

1. 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.

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
in the manual.

The following documents have been prepared for the H8/38537 Group. 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

Hardware Manual Hardware specifications (pin H8/38537 Group This manual

assignments, memory maps,
peripheral specifications, electrical
characteristics, and timing charts) and
descriptions of operation

Hardware Manual

Software Manual

Detailed descriptions of the CPU and
instruction set

H8/300H Series Software REJ09B0213
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".

(2) 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_0: 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'EFAO or OXEFAO
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 compart ation, enables or disables interrupts, and selects the counter

t clock. Generation ofla WDTOVF di itializes 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 ghevalues 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 CKSO bits are set '01 at this tipé,
a f/4 clock is selected.

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

[Table of Bits] (1) @ e @ ®)
Bit| Bit Name Ipitial Value R/W Description
15 - i Reserved
14 - ( These bits are always read as 0. )
13to 11 ASID2 to Al O 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.

(2) 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.
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.

-

w
«

G

-

Rev. 1.00 May 30, 2008 Page vii of xx
RENESAS




4. Description of Abbreviations

The abbreviations used in this manual are listed below.

e Abbreviations used in this manual

Abbreviation

Description

ACIA

Asynchronous communication interface adapter

bps Bits per second

CRC Cyclic redundancy check

DMA Direct memory access

DMAC Direct memory access controller

GSM Global System for Mobile Communications
Hi-Z High impedance

IEBus Inter Equipment Bus (IEBus is a trademark of NEC Electronics Corporation.)
I/0 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

SIM Subscriber Identity Module

UART Universal asynchronous receiver/transmitter
VvCO Voltage-controlled oscillator
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5. List of Product Specifications

Below is a table listing the product specifications for each group.

H8/38537 Group

Item Flash Memory Mask ROM
Memory ROM 32 K, 60 Kbytes 16 K, 24 K, 32 K, 40 K, 48 K, 60 Kbytes
RAM 2 Kbytes 1 Kbyte, 2 Kbytes
Operating 45t055V 16 MHz 16 MHz
‘c’)gg?gﬁnznd 271055V 16 MHz 16 MHz
frequency 1.8t055V — —
27t036V — —
1.8t03.6V — —
I/O ports Input 9 9
Output — —
/0 55 55
Timers Clock (timer A) 1 1
Reload (timer C) 1 1
Compare (timer F) 1 1
Capture (timer G) 1 1
AEC 1 1
WDT — —
WDT (discrete) 1 1
SCI UART/Synchronous 2 ch 2ch
A-D 10 bit x 8 ch 10 bit x 8 ch
(resolution x input channels)
LCD seg 32 32
com 4 4
External interrupt 13(8) 13(8)
(internal wakeup)
Package FP-80A FP-80A
TFP-80C TFP-80C

Operating temperature

Standard specifications: —20 to 75°C, WTR: —40 to 85°C

All trademarks and registered trademarks are the property of their respective owners.

RENESAS
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Section 1 Overview

Section 1 Overview

11 Features

Microcontrollers of the H8/38537 Group are CISC (complex instruction set computer)
microcontrollers whose core is an H8/300H CPU, which has an internal 32-bit architecture. The
H8/300H CPU provides upward compatibility with the H8/300 CPUs of other Renesas
Technology-original microcontrollers.

As peripheral functions, each LSI of this Group includes various timer functions that realize low-
cost configurations for end systems. The power consumption of these modules can be kept down
dynamically by power-down mode.

111 Application

Examples of the applications of this LSI include motor control, power meter, and health
equipment.
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112 Overview of Specifications
Table 1.1 lists the functions of H8/38537 Group products in outline.

Tablel.1 Overview of Functions

Module/
Classification Function  Description
Memory ROM ¢ ROM lineup: Flash memory version and mask Rom version
e ROM capacity: 16 K, 24 K, 32 K, 40 K, 48 K, and 60 Kbytes
RAM e RAM capacity: 1 Kbyte and 2 Kbytes
CPU CPU e H8/300H CPU (CISC type)

Upward compatibility for H8/300 CPU at object level
e Sixteen 16-bit general registers
e Eight addressing modes
e 64-Kbyte address space

Program: 64 Kbytes available

Data: 64 Kbytes available

e 62 basic instructions, classifiable as bit arithmetic and logic
instructions, multiply and divide instructions, bit manipulation
instructions, and others

e Minimum instruction execution time: 400 ns (for an ADD
instruction while system clock ¢ = 5 MHz and
V,=2.7103.6V)

¢ On-chip multiplier (16 x 16 — 32 bits)

Operating e Normal mode

mode
MCU Mode: Single-chip mode
%poedr:ting e Low power consumption state (transition driven by the SLEEP
instruction)
Interrupt Interrupt e Thirteen external interrupt pins (IRQ4 to IRQ0, WKP7 to WKPO)
(source) Zc')\ln_lt_rg)ller e 23 internal interrupt sources

¢ Independent vector addresses
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Classification

Module/
Function

Description

Clock

Clock pulse
generator
(CPG)

Two clock generation circuits available

Separate clock signals are provided for each of functional
modules

Includes frequency division circuit, so the operating frequency is
selectable

Seven low-power-consumption modes: Active (medium speed)
mode, sleep (high speed or medium speed) mode, subactive
mode, subsleep mode, standby mode, and watch mode

A/D converter

A/D
converter
(ADC)

10-bit resolution x eight input channels
Sample and hold function included

Conversion time:
12.4 us per channel (with ¢ at 5-MHz operation)

A/D conversion can be started by external trigger input

Timer

14-bit PWM

14 bits x one channel
Four conversion periods selectable
Pulse division method for less ripple

Timer A

8-bit timer
Interval timer functionality: Eight internal clock sources are
selectable

Clock time base functionality: Four overflow periods are
selectable

Generates an interrupt upon overflow
Timer output clock signals are selectable

Timer C

8-bit timer

Eight clocks are selectable
Auto-reload function supported
Generates an interrupt upon overflow
Up/down-counter switching is possible

Timer F

16-bit timer (also can be used as two independent 8-bit timers)
Five clocks are selectable

Output compare function supported

Toggle output function supported

Two interrupt sources: Compare match and overflow

Rev. 1.00 May 30, 2008 Page 3 of 484
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Module/
Classification Function  Description
Timer Timer G e 8-bit timer

e Four counter input clocks are selectable

¢ Input capture functions supported (a built-in noise canceller)
e Level detection at counter overflow is possible

e Counter clearing option

e Two interrupt sources: Input capture and overflow

Asynchron- e 16-bit pulse timer (also can be used as 8 bits x two channels)
ous event e Can count asynchronously-input external events

counter
(AEC)
Watchdog timer Watchdog 8 bits x one channel (selectable from two counter input clocks)
timer (WDT)
Serial interface  Serial e Two serial communication interfaces, SCI3-1 and SCI3-2, that
communi- have identical functions
cation e For both asynchronous and clock synchronous serial
interface 3 communications
(SCI3) e Full-duplex communications capability

e Select the desired bit rate
e Six interrupt sources

I/O ports e Nine CMOS input-only pins
e 55 CMOS input/output pins
e 32 pull-up resistors

LCD (Liquid LCD ¢ A maximum of 32 segment pins and four common pins
Crystal Display) controller/ e Choice of four duty cycles (static, 1/2, 1/3, or 1/4)
drive driver o LCD RAM capacity: 8 bits x 32 bytes (256 bits)

e Word access to LCD RAM

o All eight segment output pins can be used individually as port
pins

e Common output pins not used because of the duty cycle can be
used for common double-buffering (parallel connection)

o Display possible in operating modes other than standby mode

e Choice of 11 frame frequencies

e Built-in power supply split-resistance, supplying LCD drive
power

e A or B waveform selectable by software
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Module/
Classification Function

Description

Internal power  Power
supply step- supply

The internal power supply can be fixed at a constant level of
approximately 3.0 V to 3.2 V, independently of the voltage of

down circuit circuit the power supply connected to the external V. pin
e |tis also possible to use the same level of external power
supply voltage and internal power supply voltage without using
the internal power supply step-down circuit
Package e QFP-80: package code: FP-80A

(package dimensions: 14 x 14 mm, pin pitch: 0.65 mm)

TQFP-80: package code: TFP-80C
(package dimensions: 12 x 12 mm, pin pitch: 0.50 mm)

Operating frequency/
Power supply voltage

Operating frequency: 2 to 16 MHz
Power supply voltage:
Vec=2.7t055V,AVcc=2.7t055V
Supply current:

Flash memory version: 4.9 mA (typ.)
(Vec=5.0V, AVec =5.0V, ¢ = 10 MHz)

Mask ROM version: 4.0 mA (typ.)
(Vec=5.0V, AVcc =5.0V, ¢ = 10 MHz)

Operating peripheral
temperature (°C)

—20 to +75°C (regular specifications)
—40 to +85°C (wide-range specifications)
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1.2 List of Products

Table 1.2 and figure 1.1 show the list of products and the structure of a product number,

respectively.
Tablel.2 List of Products
ROM
Group Product Type Size RAM Size Package Remarks
H8/38537 HD64F38537 60 Kbytes 2 Kbytes FP-80A, Flash memory
Group TFP-80C version
HD64338537 60 Kbytes 2 Kbytes Mask ROM
version
HD64338536 48 Kbytes 2 Kbytes Mask ROM
version
HD64338535 40 Kbytes 2 Kbytes Mask ROM
version
HD64F38534 32 Kbytes 2 Kbytes Flash memory
version
HD64338534 32 Kbytes 2 Kbytes Mask ROM
version
HD64338533 24 Kbytes 1 Kbyte Mask ROM
version
HD64338532 16 Kbytes 1 Kbyte Mask ROM
version
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Product type no. HD 64 F

38537 i

Indicates the package.
H: QFP
W:TQFP

Indicates the product-specific number.
H8/38537 Group

Indicates the type of ROM device.
F: Flash memory

3: Mask ROM
Indicates the product family classification

H8 Family

Indicates the microcontroller.

Figurel.1 How to Read the Product Name Code

RENESAS
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13 Block Diagram

[SXe] 8 [0 h
88 xx sasz [
P1o/TMOW ——> é o g >‘_> Vo
P14/TMOFL ~—>- S 9 2.
P12/TMOFH ~<—>| g 3 S 3 HB/300H LE §<— z;
ProTMiG < T || £© 3 o CPU Sl M
P14IRQ/ADTRG <> S || & = |
P1s/IRQITMIC <>
P16RQ2 <—> < [<—>= PAs/COMa4
P17/IRQYTMIF ~—> ROM RAM g [ PAI/COM:
L] (60K/48K/40K/32K (2KI1K) & [« PAVCOM:
P3yPWM <] | 24K/16K) e PAJ/COM:
P3w/UD/EX:3I; : s Pa/SEGS
P3u/SCKar <~—>| £ A Serial <> P8J/SEGs:
P3/RXDs1 <—>| & Timer A communication w | PB/SEGw
P35/TXDs1 <> interface 3-1 5[ i::gig”
P3J/AEVH ~<—>| a 2
P3//AEVL ~<—| : < P8/SEGz
L Timer C Serial [<—> P81/SEG2s
P40/SCKa2 ] | communication <> P80/SEGes
P41/RXDaz <—>| fcf interface 3-2 —
P42/TXDa2 < & Timer F <> P77/SEGas
P43/IRQo —>| <> P76/SEG23
— 14-bit <> P75/SEG22
P50/WKPo/SEG1 <—>| PWM '~ [ P74SEGa
P51/WKP1/SEG2 <> Timer G no_ <> P7s/SEGz0
P52/WKP2/SEGs <—>{ <—> P72/SEGis
P53/WKP3/SEGs ~—>| 'g <> P71/SEGs
PS/WKPW/SEGs <> 0 Asynchronous WDT | [ ProsEGy
F’55/VE5/SEG$ > counter —
P56/WKPs/SEG7 <> l«<—~ P67/SEG1s
P57/ WKP7/SEGs ~<—>| l«—> P66/SEG1s
I <> P6s/SEG14
AD LCD © > PeysEGH
(10bit) Controller S |« P6s/SEG
<> P62/SEG11
<> P61/SEG10
| | Port B | <— P60/SEGs
> =2 3333333 F
< < [salyaaluya'a Yo an Ran iy aa Jyua)
[ Wy Wy a Wy Wy a MY a M a WY o

Note: When the on-chip emulator is used, pins P32, P8s, P8s, and P87 are reserved for use exclusively
by the emulator and therefore cannot be accessed by the user.

Figure 1.2 Block Diagram of H8/38537 Group
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14 Pin Assignment
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P87/SEGs2 [|68 33| _] PAJ/COM4
P40SCKa2 [] 69 32[] Vee
P41/RXDa2 [| 70 31 ] vo
P42/TXDa2 [|71 30[ ] Vi
P4s/IRQo [ |72 29[ ] v2
AVce [|73 28] v3
PBo/ANo [|74 27[] Vss
PB1/AN1 [|75 26[ | CVce
PB2/ANz2 [|76 25[ ] P37/AEVL
PBs/ANs [|77 24[ ] P3s/AEVH
PB+/AN: [|78 23[ ] P3s/TXDa1
PBs/ANs [|79 22[ ] P34/RXDs:
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Notes: When the on-chip emulator is used, pins P32, P8s, P8s, and P87 are reserved for use exclusively by the emulator and
therefore cannot be accessed by the user.

Figure 1.3 Pin Assignment of H8/38537 Group
(FP-80A and TFP-80C)
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15 Pin Functions

Table1.3 Pin Functions

Pin No.

Type Symbol FP-80A, TFP-80C 1/O0 Name and Functions

Power Ve 32 Input  Power supply: All V, pins should be

source pins CV_, 26 connected to the system power supply.
See section 14, Power Supply Circuit, for a
CV,, pin.

Vg 5 Input  Ground: All V pins should be connected
27 to the system power supply (0 V).

AV, 73 Input  Analog power supply: This is the power
supply pin for the A/D converter. When the
A/D converter is not used, connect this pin
to the system power supply.

AV 2 Input  Analog ground: This is the A/D converter
ground pin. It should be connected to the
system power supply (0V).

VO 31 Output LCD power supply: These are the power

Vi 30 Input supply pins for the LCD controller/driver.

V2 29 They incorporate a power supply split-

V3 o8 resistance, and are normally used with VO
and V1 shorted.

Clock pins  OSC1 Input  These pins connect to a crystal or ceramic
0SC2 6 Outout oscillator, or can be used to input an
utpu external clock. See section 4, Clock Pulse
Generators, for a typical connection
diagram.

X1 Input  These pins connect to a 32.768-kHz or

X2 Output 38.4-kHz crystal oscillator.

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

EXCL 19 Input  This pin connects to a 32.768-kHz or 38.4-
kHz external clock. See section 4, Clock
Pulse Generators, for typical connection
diagram.
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Pin No.

Type Symbol FP-80A, TFP-80C 1/0 Name and Functions

System RES 9 Input  Reset: When this pin is driven low, the

control chip is reset

TEST 8 Input  Test pin: This pin is reserved and cannot
be used. It should be connected to V.

Interrupt IRQO 72 Input  IRQ interrupt request 0 to 4: These are

pins IRQ1 15 input pins for edge-sensitive external

IRQ2 16 interrupts, with a selection of rising or

IRQ3 17 falling edge

IRQ4 14

KP7 to 44 10 37 Input  Wakeup interrupt request 0 to 7: These

WKPO are input pins for rising or falling-edge-
sensitive external interrupts.

Timer pins  TMOW 10 Output Clock output: This is an output pin for
waveforms generated by the timer A
output circuit.

AEVL 25 Input  Asynchronous event counter event

AEVH 24 input: This is an event input pin for input
to the asynchronous event counter.

TMIC 15 Input  Timer C event input: This is an event
input pin for input to the timer C counter.

ub 19 Input  Timer C up/down select: This pin selects
up- or down-counting for the timer C
counter. The counter operates as a down-
counter when this pin is high, and as an
up-counter when low.

TMIF 17 Input  Timer F event input: This is an event
input pin for input to the timer F counter.

TMOFL 11 Output Timer FL output: This is an output pin for
waveforms generated by the timer FL
output compare function.

TMOFH 12 OQutput Timer FH output: This is an output pin for
waveforms generated by the timer FH
output compare function.

TMIG 13 Input  Timer G capture input: This is an input
pin for timer G input capture.

14-bit PWM 18 Output 14-bit PWM output: This is an output pin

PWM pin for waveforms generated by the 14-bit

PWM

Rev. 1.00 May 30, 2008 Page 11 of 484
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Pin No.
Type Symbol FP-80A, TFP-80C 1/0 Name and Functions
I/O ports PB7 to PBO 1,80to 74 Input  Port B: This is an 8-bit input port.
P43 72 Input  Port 4 (bit 3): This is a 1-bit input port.
P42 to P40 71 to 69 I/O Port 4 (bits 2 to 0): This is a 3-bit I/O port.
Input or output can be designated for each
bit by means of port control register 4
(PCR4).
PA3 to PAO 33to 36 I/0 Port A: This is a 4-bit I/O port. Input or

output can be designated for each bit by
means of port control register A (PCRA).

P17to P10 1710 10 I/0 Port 1: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 1 (PCR1).

P37 to P30 2510 18 I/0 Port 3: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 3 (PCR3).
When the on-chip emulator is used, pin
P32 is reserved for use exclusively by the
emulator and therefore cannot be
accessed by the user. With the flash
memory version, pull up pin P32 to high
level to cancel a reset in the in the user
mode.

P57 to P50 44 to 37 I/0 Port 5: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 5 (PCR5).

P67 to P60 52 to 45 IO Port 6: This is an 8-bit I/0 port. Input or
output can be designated for each bit by
means of port control register 6 (PCR6).

P77 to P70 60 to 53 I/0 Port 7: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 7 (PCR7).

P87 to P80 68 to 61 I/0 Port 8: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 8 (PCR8).
When the on-chip emulator is used, pins
P85, P86, and P87 are reserved for use
exclusively by the emulator and therefore
cannot be accessed by the user.
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Pin No.
Type Symbol FP-80A, TFP-80C 1/0 Name and Functions
Serial RXD31 22 Input  SCI31 receive data input:
communi- This is the SCI31 data input pin.
9"’:“(:{“ TXD31 23 Output SCI31 transmit data output:
l(régl)ace This is the SCI31 data output pin.
SCK31 21 I/O SCI31 clock 1/O:
This is the SCI31 clock 1/0O pin.
RXD32 70 Input  SCI32 receive data input:
This is the SCI32 data input pin.
TXD32 71 Output SCI32 transmit data output:
This is the SCI32 data output pin.
SCK32 69 I/O SCI32 clock 1/O:
This is the SCI32 clock 1/O pin.
A/D AN7 to ANO 1 Input  Analog input channels 7 to 0:
converter 80to 74 These are analog data input channels to
the A/D converter
ADTRG 14 Input  A/D converter trigger input:
This is the external trigger input pin to the
A/D converter
LCD COM4to 33to36 Output LCD common output: These are the LCD
controller/  COM1 common output pins.
driver SEG32to 68to 37 Output LCD segment output: These are the LCD
SEGH1 segment output pins.
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Section 2 CPU

This LSI has an H8/300H CPU with an internal 32-bit architecture that is upward-compatible with
the H8/300 CPU, and supports only normal mode, which has a 64-Kbyte address space.

Upward-compatible with H8/300 CPUs

Can execute H8/300 CPUs object programs

Additional eight 16-bit extended registers

32-bit transfer and arithmetic and logic instructions are added
Signed multiply and divide instructions are added.
General-register architecture

Sixteen 16-bit general registers also usable as sixteen 8-bit registers and eight 16-bit registers,
or eight 32-bit registers

Sixty-two basic instructions

8/16/32-bit data transfer and arithmetic and logic instructions
Multiply and divide instructions

Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [@ERn]

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

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

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

Memory indirect [@ @aa:8§]

64-Kbyte address space

High-speed operation

All frequently-used instructions execute in one or two states

8/16/32-bit register-register add/subtract : 2 state

8 x 8-bit register-register multiply : 14 states
16 + 8-bit register-register divide : 14 states
16 x 16-bit register-register multiply : 22 states
32 + 16-bit register-register divide : 22 states
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e Power-down state
Transition to power-down state by SLEEP instruction

2.1 Address Space and Memory Map

The memory map of the H8/38537 is shown in figure 2.1 (1), that of the H8/38536 in figure 2.1
(2), that of the H8/38535 in figure 2.1 (3), that of the H8/38534 in figure 2.1 (4), that of the
H8/38533 in figure 2.1 (5), and that of the H8/38532 in figure 2.1 (6).
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H'0000

H'0029
H'002A

H'E000

HEFFF

H'F020
H'F02B

H'F300

HF6FF

H'F740
H'F75F

H'F780

HFF7F

H'FF90
HFFFF

Flash memory version

Interrupt vector area

On-chip ROM
(60 Kbytes)

Firmware for on-chip
emulator™!

Not used

Internal 1/O registers

Not used

(Work area for programming
flash memory: 1 Kbyte)*2

Not used

LCD RAM (32 bytes)

Not used

On-chip RAM
(2 Kbytes)

Not used

Internal I/O registers
(112 bytes)

H'0000

H'0029
H'002A

H'EDFF

H'F740
H'F75F

H'F780

HFF7F

H'FF90
HFFFF

Mask ROM version

Interrupt vector area

On-chip ROM
(60 Kbytes)

Not used

LCD RAM (32 bytes)

Not used

On-chip RAM
(2 Kbytes)

Not used

Internal I/O registers
(112 bytes)

Notes: 1. Not accessible by the user when the on-chip emulator is used.
2. A programming control program is used to program flash memory. Do not use a user program to perform
programming when the on-chip emulator is used. This area is not used in the mask ROM version.

Figure2.1(1) H8/38537 Memory Map
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H'0000
Interrupt vector area
H'0029
H'002A
On-chip ROM
(48 Kbytes)
H'BFFF
Not used
HF740 LCD RAM
H'E75F (32 bytes)
Not used
H'F780
On-chip RAM
(2 Kbytes)
H'FF7F
Not used
H'FF90
Internal I/0 registers
(112 bytes)
H'FFFF

Figure2.1(2) H8/38536 Memory Map
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H'0000

H'0029
H'002A

H'OFFF

H'F740

HF75F

H'F780

HFF7F

H'FF90

HFFFF

Interrupt
vector area

On-chip ROM
(40 Kbytes)

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM
(2 Kbytes)

Not used

Internal I/0 registers
(112 bytes)

Figure2.1(3) H8/38535 Memory Map

RENESAS
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Flash memory version Mask ROM version
H'0000 H'0000

Interrupt vector area Interrupt vector area
H'0029 | - _ o _____] H'0029 | __ o _____]
H'002A H'002A

On-chip ROM On-chip ROM
(32 Kbytes) (32 Kbytes)
H'7FFF H'7FFF
Not used

H'E000
Firmware for on-chip
#1
emulator Not used
H'EFFF
Not used
H'F020 ’
H'F02B Internal I/O registers
Not used
H'F300

(Work area for programming
flash memory: 1 Kbyte)*2

H'F6FF

Not used
:E;‘S‘g LCD RAM (32 bytes) :E;;“F’ LCD RAM (32 bytes)

Not used Not used
H'F780 H'F780

On-chip RAM On-chip RAM

(2 Kbytes) (2 Kbytes)
H'FF7F H'FF7F

Not used Not used
H'FF90 Internal I/O registers H'FF90 Internal I/O registers
H'FFFF (112 bytes) H'FFFF (112 bytes)

Notes: 1. Not accessible by the user when the on-chip emulator is used.
2. A programming control program is used to program flash memory. Do not use a user program to perform
programming when the on-chip emulator is used. This area is not used in the mask ROM version.

Figure2.1(4) HB8/38534 Memory Map
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H'0000

H'0029
H'002A

H'SFFF

H'F740

H'F75F

H'F780

H'FB7F

H'FF90

HFFFF

Interrupt vector area

On-chip ROM
(24 Kbytes)

Not used

LCD RAM
(32 bytes)

Not used

On-chip RAM
(1 Kbyte)

Not used

Internal I/O registers
(112 bytes)

Figure2.1(5) HB8/38533 Memory Map

RENESAS
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H'0000
Interrupt vector area
H'0029
H'002A
On-chip ROM
(16 Kbytes)
H'3FFF
Not used
H'F740
LCD RAM
(32 bytes)
H'F75F
Not used
H'F780
On-chip RAM
(1 Kbyte)
H'FB7F
Not used
H'FF90
Internal I/O registers
(112 bytes)
H'FFFF

Figure2.1(6) H8/38532 Memory Map
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2.2 Register Configuration

The H8/300H CPU has the internal registers shown in figure 2.2. There are two types of registers;
general registers and control registers. The control registers are a 24-bit program counter (PC), and
an 8-bit condition-code register (CCR).

General Registers (ERn)

ERO
ER1
ER2
ER3
ER4
ER5
ER6
ER7

Control Registers (CR)

15 07 07 0
EO ROH ROL
E1 R1H RiL
E2 R2H RoL
E3 R3H R3L
E4 R4H R4L
E5 R5H R5L
E6 R6H R6L
E7 (SP) R7H R7L

23 0

PC | |

[Legend]

SP:
PC:
CCR:
I:

Ul

Stack pointer

Program counter
Condition-code register
Interrupt mask bit

User bit

OsNzcT

76543210

Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

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

Figure2.2 CPU Registers
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221 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally
identical 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 2.3 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).

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

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

The usage of each register can be selected independently.

* 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)

Figure2.3 Usage of General Registers

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 2.4 shows the
relationship between the stack pointer and the stack area.
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/\_/“

Empty area

SP (ER7) —» \

Stack area

/\/

Figure2.4 Relationship between Stack Pointer and Stack Area

222 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, the least significant PC bit is regarded as 0). The PC is initialized when the
start address is loaded by the vector address generated during reset exception-handling sequence.

223 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. The I bit is initialized to 1
by reset exception-handling sequence, but other bits are not initialized.

Some instructions leave flag bits unchanged. 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.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List.
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Initial
Bit Bit Name Value R/W

Description

7 | 1 R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMl is
accepted regardless of the | bit setting. The | bit is set
to 1 at the start of an exception-handling sequence.

6 ul Undefined R/W

User Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions.

5 H Undefined R/W

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 0 otherwise.

4 U Undefined R/W

User Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions.

3 N Undefined R/W

Negative Flag

Stores the value of the most significant bit of data as a
sign bit.

2 V4 Undefined R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.

1 \ Undefined R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to 0 at other times.

0 C Undefined R/W

Carry Flag

Set to 1 when a carry occurs, and cleared to 0
otherwise. Used by:

e Add instructions, to indicate a carry
e 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.
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2.3 Data Formats

The H8/300H 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,
..., T) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

231 General Register Data Formats

Figure 2.5 shows the data formats in general registers.

Data Type General Register Data Format
7 0
1-bit data Ak 71615141321 1§o| Don't care
___________________ 7 0
it date fnk | Dontteare  |7}6i5i4}3i2} 1}0
7 43 o i
4-bit BCD data RnH [ pper | Lower | Don't care !
.................. J
___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH [T R R | Don't care E
MSB Lss
___________________ 7 0
Byte data RnL E Don't care | T T T
""""""""" MSB LSB

Figure2.5 General Register Data Formats (1)
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Data Type General
Register

Word data Rn

Word data En

Longword ERn
data

[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

Data Format

|15...............0
MISBIIIIIIIIIIIIILISB
15...............0
[
MSB LSB
31 16 15 0
[P
MSB LSB

Figure2.5 General Register Data Formats (2)
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232 Memory Data For mats

Figure 2.6 shows the data formats in memory. The H8/300H CPU can access word data and
longword data in memory, however 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, an address error does not
occur, however the least significant bit of the address is regarded as 0, so access begins the
preceding address. This also applies to instruction fetches.

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

word or longword.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M+1

Address 2N

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

7

Data Format

/\/

0

76 [s][4]3]2]1]o0

MSB,

Do olss

"EEEEEE
e
MSB:
R R B =

/\/

Figure2.6 Memory Data Formats

RENESAS
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24 Instruction Set

24.1 Table of Instructions Classified by Function

The H8/300H CPU has 62 instructions. Tables 2.2 to 2.9 summarize the instructions in each
functional category. The notation used in tables 2.2 to 2.9 is defined in table 2.1.

Table2.1 Operation Notation

Symbol Description

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

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

CCR Condition-code register

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

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

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical XOR

- Move

NOT (logical complement)
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Symbol Description

:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

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

Table2.2 DataTransfer 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 (EAs) - Rd
Cannot be used in this LSI.
MOVTPE B Rs — (EAs)
Cannot be used in this LSI.
POP W/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.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword

Rev. 1.00 May 30, 2008 Page 31 of 484
RENESAS REJ09B0436-0100



Section2 CPU

Table2.3 Arithmetic Operations Instructions (1)

Instruction Size* Function

ADD B/W/L Rd+Rs— Rd, Rd=z+#MM— Rd

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

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

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

INC B/WL Rd+1—Rd, Rd+2— Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS L Rd+1—Rd, Rd+2—>Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA B Rd (decimal adjust) — Rd

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

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: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.3 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-#MM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR bits according to the
result.

NEG B/W/L 0-Rd-—Rd
Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU W/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.

Note: * Refers to the operand size.
B: Byte
W: Word

L: Longword

Rev. 1.00 May 30, 2008 Page 33 of 484
RENESAS REJ09B0436-0100



Section2 CPU

Table2.4

Logic Operations I nstructions

Instruction Size*

Function

AND B/W/L RdARs— Rd, Rda#MM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/W/L RdvRs—Rd, Rdv#MM — Rd
Performs a logical OR operation on a general register and another
general register or immediate data.
XOR B/W/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 general register
contents.
Note: * Refers to the operand size.
B: Byte
W: Word
L: Longword
Table2.5 Shift Instructions

Instruction Size*

Function

SHAL B/W/L  Rd (shift) > Rd

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

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

ROTR Rotates general register contents.

ROTXL B/W/L  Rd (rotate) — Rd

ROTXR Rotates general register contents through the carry flag.
Note: * Refers to the operand size.

B: Byte
W: Word

L: Longword
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Table2.6 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
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
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
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

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.

Note: * Refers to the operand size.
B: Byte
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Table2.6 Bit Manipulation Instructions (2)

Instruction Size*

Function

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

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

BILD B = (<bit-No.> of <EAd>) — C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

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

BIST B - C — (<bit-No.> of <EAd>)

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

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

Note: * Refers to the operand size.

B: Byte
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Table2.7

Instruction Size

Branch Instructions

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 CvZ=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 N®eV=0
BLT Less than NeV=1
BGT Greater than ZviN®V)=0
BLE Less or equal Zv(N® V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
Note: * Bcc is the general name for conditional branch instructions.

RENESAS
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Table2.8

System Control Instructions

Instruction Size*

Function

RTE — Returns from an exception-handling routine.

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

LDC B/W (EAs) —» CCR
Moves the source operand contents to the CCR. The CCR size is one
byte, but in transfer from memory, data is read by word access.

STC B/W CCR — (EAd)
Transfers the CCR contents to a destination location. The condition
code register size is one byte, but in transfer to memory, data is written
by word access.

ANDC B CCR A #IMM — CCR
Logically ANDs the CCR with immediate data.

ORC B CCR v #IMM — CCR
Logically ORs the CCR with immediate data.

XORC B CCR @ #IMM — CCR
Logically XORs the CCR with immediate data.

NOP — PC+2—>PC
Only increments the program counter.

Note: * Refers to the operand size.

B: Byte
W: Word
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Table2.9 Block Data Transfer Instructions

Instruction Size Function
EEPMOV.B — if R4L = 0 then
Repeat @ER5+ — @ERG6+,
R4L-1 — R4L
Until R4L =0
else next;
EEPMOVW — if R4 = 0 then
Repeat @ER5+ —» @ERG6+,
R4-1 - R4
UntilR4 =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 ER6.

Execution of the next instruction begins as soon as the transfer is
completed.
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24.2 Basic I nstruction For mats

HS8/300H 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 2.7 shows examples of instruction formats.
(1) Operation Field

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

(2) 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. Some have no register field.

(3) Effective Address Extension

8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement. A24-bit
address or displacement is treated as a 32-bit data in which the first 8 bits are 0 (H'00).

(4) Condition Field

Specifies the branching condition of Bcce instructions.

(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 | rn | rm

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

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

op cc | EA(disp) BRA d:8

Figure2.7 Instruction Formats
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2.5 Addressing M odes and Effective Address Calculation

The following describes the H8/300H CPU. In this LSI, the upper eight bits are ignored in the
generated 24-bit address, so the effective address is 16 bits.

251 Addressing M odes

The H8/300H CPU supports the eight addressing modes listed in table 2.10. Each instruction uses
a subset of these addressing modes. Addressing modes that can be used differ depending on the
instruction. For details, refer to appendix A.4, Combinations of Instructions and Addressing
Modes.

Arithmetic and logic instructions can use the register direct and immediate modes. Data transfer
instructions can use all addressing modes except program-counter relative and memory indirect.
Bit-manipulation instructions use register direct, register indirect, or the absolute addressing mode
(@aa:8) 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.

Table2.10 Addressing Modes

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

(1) Register Direct—Rn

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

Rev. 1.00 May 30, 2008 Page 41 of 484
RENESAS REJ09B0436-0100



Section2 CPU

(2) Register Indirect—@ERN

The register field of the instruction code specifies an address register (ERn), the lower 24 bits of
which contain the address of the operand on memory.

(3) Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn)

A 16-bit or 24-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction, and the lower 24 bits of the sum the address of a
memory operand. A 16-bit displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn

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

e 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 lower 24 bits of the result is the address of a memory operand.
The result is also stored in the address register. The value subtracted is 1 for byte access, 2 for
word access, or 4 for longword access. For the word or longword access, the register value
should be even.

(5) Absolute Address—@aa:8, @aa: 16, @aa: 24

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)

For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a 16-bit
absolute address the upper 8 bits are a sign extension. A 24-bit absolute address can access the
entire address space.

The access ranges of absolute addresses for this LSI are those shown in table 2.11, because the
upper 8 bits are ignored.
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Table2.11 Absolute Address Access Ranges

Absolute Address Access Range

8 bits (@aa:8) H'FF00 to H'FFFF
16 bits (@aa:16) H'0000 to H'FFFF
24 bits (@aa:24) H'0000 to H'FFFF

(6) Immediate—#xx:8, #xx:16, or #xx:32

The instruction contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data as an
operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number.

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

This mode is used in the BSR instruction. An 8-bit or 16-bit displacement contained in the
instruction is sign-extended and added to the 24-bit PC contents to generate a branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

(8) Memory Indirect—@@aa: 8

This mode can be used by the JMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The memory operand is accessed in words, generating a 16-bit branch address. Figure 2.8 shows
how to specify branch address for in memory indirect mode. The upper bits of the absolute address
are all assumed to be 0, so the address range is 0 to 255 (H'0000 to H'OOFF).

Note that the first part of the address range is also the exception vector area.
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\_/\

Specified ]
by @aa:8 Branch address

\_/\

Figure2.8 Branch Address Specification in Memory Indirect Mode
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252

Effective Address Calculation

Table 2.12 indicates how effective addresses are calculated in each addressing mode. In this LSI
the upper 8 bits of the effective address are ignored in order to generate a 16-bit effective address.

Table2.12 Effective Address Calculation (1)

Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

Register direct(Rn)

[ o [m][m]

Operand is general register contents.

pre-decrement
*Register indirect with post-increment @ ERn+

2 Register indirect(@ERn) 31 0 23 0
I General register contents |——>|
Lo [ ] |
3 | Register indirect with displacement
@(d:16,ERN) or @(d:24,ERn) 31 0
[ I General register contents
- 23 0
R I -
31 0
| Sign extension | disp
4 Register indirect with post-increment or

31 0

*Register indirect with pre-decrement @-ERn

I General register contents

Lo [ ] ]

The value to be added or subtracted is 1 when the
operand is byte size, 2 for word size, and 4 for
longword size.

23 0
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Table2.12 Effective Address Calculation (2)

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

5 | Absolute address

@aa:8 23 87
[ |
@aa:16 23 16 15
| op | abs | Sign extensionl
@aa:24
op 23
abs
6 | Immediate
#XX:B/ixx:16/4#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative 23 Y
@(d:8,PC)/@(d:16,PC) | PC contents h
op disp
23
8 Memory indirect @ @aa:8
‘ - I
“m H'0000 | abs |
15 0 23 16 15
[y |-—[ |
[Legend]
r, rm,m : Register field
op: Operation field
disp : Displacement
IMM : Immediate data
abs : Absolute address
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2.6 Basic Bus Cycle

CPU operation is synchronized by a system clock (¢) or a subclock (¢,,). The period from a rising
edge of ¢ or ¢, to the next rising edge is called one state. A bus cycle consists of two states or
three states. The cycle differs depending on whether access is to on-chip memory or to on-chip
peripheral modules.

26.1 Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 bits, allowing access
in byte or word size. Figure 2.9 shows the on-chip memory access cycle.

Bus cycle

1 1

1
1 | 1
1 1
— Tystate —»<— Tstate —»!
i i
1 1

1

Internal address bus X Address

! -
= :

Internal read signal i \ E
: :

Internal data bus ! Read data

(read access) )

1

1

1

. . '

Internal write signal !
1

1

T

I

Internal data bus

s Write data
(write access)

I

Figure2.9 On-Chip Memory Access Cycle
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26.2 On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 bits
or 16 bits depending on the register. For description on the data bus width and number of
accessing states of each register, refer to section 15.1, Register Addresses (Address Order).
Registers with 16-bit data bus width can be accessed by word size only. Registers with 8-bit data
bus width can be accessed by byte or word size. When a register with 8-bit data bus width is
accessed by word size, a bus cycle occurs twice. In two-state access, the operation timing is the
same as that for on-chip memory.

Figure 2.10 shows the operation timing in the case of three-state access to an on-chip peripheral
module.

Bus cycle

1 1
- T, statet—>|<+— T, state —><— Tz state —»

1
i i
eovse [\  \_J
i i
Internal X Address
address bus i

Internal
read signal

i i

i \ / :

i i

Internal ) A
data bus 3—( Read data D—

i :

' ’ |

1

(read access) :

|

Internal
data bus H Write data
(write access) T

Internal
write signal

Figure2.10 On-Chip Peripheral Module Access Cycle (3-State Access)
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2.7 CPU States

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. For the program halt state, there are sleep (high-speed or
medium-speed) mode, standby mode, watch mode, and subsleep mode. These states are shown in
figure 2.11. Figure 2.12 shows the state transitions. For details on program execution state and
program halt state, refer to section 5, Power-Down Modes. For details on exception handling, refer
to section 3, Exception Handling.

CPU state

|_

—| Reset state |

The CPU is initialized

—| Program execution state I——l Active (high-speed) mode

The CPU executes successive program
instructions at high speed,
synchronized by the system clock

—| Active (medium-speed) mode  [----:

The CPU executes successive '
program instructions at :
reduced speed, synchronized ,
by the system clock E

_l Subactive mode -

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

—l Program halt state I——l Sleep (high-speed) mode | -----

A state in which the CPU - E
operation is stopped to —| Sleep (medium-speed) mode |— ---

Power-down modes

reduce power consumption

Subsleep mode |- ---

—| Exception-handling state |

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

Figure2.11 CPU Operating States
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Reset state

Reset
occurs

Program halt state

Reset cleared

Reset occurs

Reset
occurs

Interrupt
source

SLEEP instruction executed

™(Exception-handling state

Interrupt
source

Program execution state

Exception-
handling
complete

Figure2.12 State Transitions
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2.8 Usage Notes

281 Notes on Data Accessto Empty Areas

The address space of this LSI includes empty areas in addition to the ROM, RAM, and on-chip
I/0 registers areas available to the user. When data is transferred from CPU to empty areas, the
transferred data will be lost. This action may also cause the CPU to malfunction. When data is
transferred from an empty area to CPU, the contents of the data cannot be guaranteed.

2.8.2 EEPMOQV Instruction

EEPMOV is a block-transfer instruction and transfers the byte size of data indicated by R4L,
which starts from the address indicated by RS, to the address indicated by R6. Set R4L and R6 so
that the end address of the destination address (value of R6 + R4L) does not exceed H'FFFF (the
value of R6 must not change from H'FFFF to H'0000 during execution).

283 Bit-Manipulation I nstruction

The BSET, BCLR, BNOT, BST, and BIST instructions read data from the specified address in
byte units, manipulate the data of the target bit, and write data to the same address again in byte
units. Special care is required when using these instructions in cases where two registers are
assigned to the same address, or when a bit is directly manipulated for a port or a register
containing a write-only bit, because this may rewrite data of a bit other than the bit to be
manipulated.

(1) Bit manipulation for two registersassigned to the same address
Example 1. Bit manipulation for thetimer load register and timer counter

Figure 2.13 shows an example of a timer in which two timer registers are assigned to the same
address. When a bit-manipulation instruction accesses the timer load register and timer counter of
a reloadable timer, since these two registers share the same address, the following operations takes
place.

1. Data is read in byte units.
2. The CPU sets or resets the bit to be manipulated with the bit-manipulation instruction.

3. The written data is written again in byte units to the timer load register.
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The timer is counting, so the value read is not necessarily the same as the value in the timer load
register. As a result, bits other than the intended bit in the timer counter may be modified and the
modified value may be written to the timer load register.

Read
Count clock —» Timer counter -
A
Reload
Write
Timer load register

Internal data bus

Figure2.13 Example of Timer Configuration with Two Registers Allocated to Same
Address

Example 2: When the BSET instruction is executed for port 5

P57 and P56 are input pins, with a low-level signal input at P57 and a high-level signal input at
P56. P55 to P50 are output pins and output low-level signals. An example to output a high-level
signal at P50 with a BSET instruction is shown below.

e Prior to executing BSET instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0

e BSET instruction executed

BSET #0, @PDRS The BSET instruction is executed for port 5.
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e After executing BSET instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 0 1 0 0 0 0 0 1

e Description on operation

1. When the BSET instruction is executed, first the CPU reads port 5.
Since P57 and P56 are input pins, the CPU reads the pin states (low-level and high-level
input).
P55 to P50 are output pins, so the CPU reads the value in PDRS. In this example PDRS has a
value of H'80, but the value read by the CPU is H'40.

2. Next, the CPU sets bit 0 of the read data to 1, changing the PDRS data to H'41.

3. Finally, the CPU writes H'41 to PDRS, completing execution of BSET instruction.
As aresult of the BSET instruction, bit O in PDRS becomes 1, and P50 outputs a high-level
signal. However, bits 7 and 6 of PDRS end up with different values. To prevent this problem,
store a copy of the PDRS5 data in a work area in memory. Perform the bit manipulation on the
data in the work area, then write this data to PDRS.

e Prior to executing BSET instruction

IMOV.B #H'80, ROL The PDRS5 value (H'80) is written to a work area in
MOV.B ROL, @RAMO memory (RAMO) as well as to PDRS.
IMOV.B ROL, @PDRS5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0
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e BSET instruction executed

BSET #0, @RAMO The BSET instruction is executed designating the PDRS5
work area (RAMO).

e After executing BSET instruction

MOV.B @RAMO, ROL The work area (RAMO) value is written to PDRS.
IMOV.B ROL, @PDR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1

(2) Bit Manipulation in a Register Containing a Write-Only Bit
Example 3: BCLR instruction executed designating port 5 control register PCR5

P57 and P56 are input pins, with a low-level signal input at P57 and a high-level signal input at
P56. P55 to P50 are output pins that output low-level signals. An example of setting the P50 pin as
an input pin by the BCLR instruction is shown below. It is assumed that a high-level signal will be
input to this input pin.

e Prior to executing BCLR instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
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e BCLR instruction executed

BCLR #0, @PCRS The BCLR instruction is executed for PCRS.

e After executing BCLR instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Output  Output  Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 1 1 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0

e Description on operation

1. When the BCLR instruction is executed, first the CPU reads PCRS. Since PCRS5 is a write-only
register, the CPU reads a value of H'FF, even though the PCRS5 value is actually H'3F.

2. Next, the CPU clears bit O in the read data to 0, changing the data to H'FE.
3. Finally, HFE is written to PCR5 and BCLR instruction execution ends.

As a result of this operation, bit 0 in PCR5 becomes 0, making P50 an input port. However,
bits 7 and 6 in PCRS5 change to 1, so that P57 and P56 change from input pins to output pins.
To prevent this problem, store a copy of the PDRS data in a work area in memory and
manipulate data of the bit in the work area, then write this data to PDRS.

e Prior to executing BCLR instruction

IMOV.B #H'3F, ROL The PCRS5 value (H'3F) is written to a work area in
MOV.B ROL, @RAMO memory (RAMO) as well as to PCRS.
IMOV.B ROL, @PCRS5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Qutput  Output  Output  Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1
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e BCLR instruction executed

BCLR #0, @RAMO The BCLR instructions executed for the PCRS work area
(RAMO).

e After executing BCLR instruction

MOV.B @RAMO, ROL The work area (RAMO) value is written to PCRS.
IMOV.B ROL, @PCRS5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0

Table 2.13 lists the pairs of registers that share identical addresses. Table 2.14 lists the registers
that contain write-only bits.

Table2.13 Registerswith Shared Addresses

Register Name Abbr. Address
Timer counter and timer load register C TCC/TLC H'FFB5
Port data register 1* PDR1 H'FFD4
Port data register 3* PDR3 H'FFD6
Port data register 4* PDR4 H'FFD7
Port data register 5* PDR5 H'FFD8
Port data register 6* PDR6 H'FFD9
Port data register 7* PDR7 H'FFDA
Port data register 8* PDR8 H'FFDB
Port data register A* PDRA H'FFDD

Note: * Port data registers have the same addresses as input pins.
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Table2.14 Registerswith Write-Only Bits

Register Name Abbr. Address
Port control register 1 PCR1 H'FFE4
Port control register 3 PCR3 H'FFE6
Port control register 4 PCR4 H'FFE7
Port control register 5 PCR5 H'FFE8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCR8 H'FFEB
Port control register A PCRA H'FFED
Timer control register F TCRF H'FFB6
PWM control register PWCR H'FFDO
PWM data register U PWDRU H'FFD1
PWM data register L PWDRL H'FFD2

2.84 Notes on Use of the EEPM OV | nstruction

e The EEPMOYV instruction is a block data transfer instruction. It moves the number of bytes
specified by R4L from the address specified by R5 to the address specified by R6.

R5 —
<~ R6

R5 + R4L —
< R6 + R4L

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

R5 —

R5 + R4L —

Not allowed
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Section 3 Exception Handling

3.1 Overview

Exception handling is performed in this LSI when a reset or interrupt occurs. Table 3.1 shows the
priorities of these two types of exception handling.

Table3.1 Exception Handling Typesand Priorities

Priority Exception Source Time of Start of Exception Handling

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

321 Overview

A reset is the highest-priority exception. The internal state of the CPU and the registers of the on-
chip peripheral modules are initialized.

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

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

Reset exception handling takes place as follows.

e The CPU internal state and the registers of on-chip peripheral modules are initialized, with the
I bit of the condition code register (CCR) set to 1.

e The PC is loaded from the reset exception handling vector address (H'0000 to H'0001), after
which the program starts executing from the address indicated in PC.
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When system power is turned on or off, the RES pin should be held low.

Figure 3.1 shows the reset sequence starting from RES input.

——» Reset cleared

Program initial
Vector fetch Internal instruction prefetch
| Processing a——

3
m
(72
T~

Internal
address bus M >< 2 ><

Internal read
signal

signal

Internal data
bus (16-bit)

@) @)

Internal write 1

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

Figure3.1 Reset Sequence

323 Interrupt Immediately after Reset

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

331 Overview

The interrupt sources include 13 external interrupts (IRQ, to IRQ,, WKP, to WKP,) and 23 internal
interrupts from on-chip peripheral modules. Table 3.2 shows the interrupt sources, their priorities,
and their vector addresses. When more than one interrupt is requested, the interrupt with the
highest priority is processed.

The interrupts have the following features:

e Internal and external interrupts can be masked by the I bit in CCR. When the I bit is set to 1,
interrupt request flags can be set but the interrupts are not accepted.

¢ IRQ, to IRQ, and WKP, to WKP, can be set to either rising edge sensing or falling edge
sensing.
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Table3.2 Interrupt Sourcesand Their Priorities

Interrupt Source Interrupt Vector Number Vector Address Priority
RES Reset 0 H'0000 to H'0001 High
Watchdog timer 4
IRQ, IRQ, 4 H'0008 to H'0009
IRQ, IRQ, 5 H'000A to H'000B
IRQ, IRQ, 6 H'000C to H'000D
IRQ, IRQ, 7 H'000E to H'000F
IRQ, IRQ, 8 H'0010 to H'0011
WKP, WKP, 9 H'0012 to H'0013
WKP, WKP,
WKP, WKP,
WKP, WKP,
WKP, WKP,
WKP, WKP,
WKP, WKP,
WKP, WKP,
Timer A Timer A overflow 11 H'0016 to H'0017
Asynchronous counter Asynchronous counter overflow 12 H'0018 to H'0019
Timer C Timer C overflow or underflow 13 H'001A to H'001B
Timer FL Timer FL compare match 14 H'001C to H'001D
Timer FL overflow
Timer FH Timer FH compare match 15 H'001E to H'001F
Timer FH overflow
Timer G Timer G input capture 16 H'0020 to H'0021
Timer G overflow
SCI3-1 SCI3-1 transmit end 17 H'0022 to H'0023
SCI3-1 transmit data empty
SCI3-1 receive data full
SCI3-1 overrrun error
SCI3-1 framing error
SCI3-1 parity error
SCI3-2 SCI3-2 transmit end 18 H'0024 to H'0025
SCI3-2 transmit data empty
SCI3-2 receive data full
SCI3-2 overrun error
SCI3-2 framing error
SCI3-2 parity error
A/D A/D conversion end 19 H'0026 to H'0027 v
(SLEEP instruction Direct transfer 20 H'0028 to H'0029 Low
executed)

Note:  Vector addresses H'0002 to H'0007 and H'0014 to H'0015 are reserved and cannot be used.
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332 Interrupt Control Registers
Table 3.3 lists the registers that control interrupts.

Table3.3 Interrupt Control Registers

Name Abbreviation R/W Initial Value Address
IRQ edge select register IEGR R/W H'EO H'FFF2
Interrupt enable register 1 IENR1 R/W H'00 H'FFF3
Interrupt enable register 2 IENR2 R/W H'00 H'FFF4
Interrupt request register 1 IRR1 R/W* H'20 H'FFF6
Interrupt request register 2 IRR2 R/W* H'00 H'FFF7
Wakeup interrupt request register IWPR R/W* H'00 H'FFF9
Wakeup edge select register WEGR R/W H'00 H'FF90
Note: * Write is enabled only for writing of O to clear a flag.
(1) IRQ Edge Select Register (IEGR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ IEG4 ‘ IEG3 ‘ IEG2 ‘ IEG1 ‘ IEGO
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

IEGR is an 8-bit read/write register used to designate whether pins IRQ, to IRQ, are set to rising

edge sensing or falling edge sensing.

Bits 7 to 5: Reserved bits

Bits 7 to 5 are reserved: they are always read as 1 and cannot be modified.

Bit 4: IRQ, edge select (IEG4)

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

Bit 4

IEG4 Description

0 Falling edge of IRQ, and ADTRG pin input is detected (initial value)
1 Rising edge of IRQ, and ADTRG pin input is detected
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Bit 3: IRQ, edge select (IEG3)

Bit 3 selects the input sensing of the IRQ, pin and TMIF pin.

Bit 3

IEG3 Description

0 Falling edge of IRQ, and TMIF pin input is detected (initial value)
1 Rising edge of IRQ, and TMIF pin input is detected
Bit 2: IRQ, edge select (IEG2)
Bit 2 selects the input sensing of pin IRQ,.

Bit 2

IEG2 Description

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

Bit 1: IRQ, edge select (IEG1)
Bit 1 selects the input sensing of the IRQ, pin and TMIC pin.

Bit 1

IEG1 Description

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

Bit 0: IRQ, edge select (IEGO)

Bit O selects the input sensing of pin IRQ,.

Bit 0

IEGO Description

0 Falling edge of IRQ, pin input is detected (initial value)
1 Rising edge of IRQ, pin input is detected
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(2) Interrupt Enable Register 1 (IENR1)

Bit 7 6 5 4 3 2 1 0
‘ IENTA ‘ — ‘ IENWP‘ IEN4 ‘ IEN3 ‘ IEN2 ‘ IEN1 ‘ IENO
Initial value 0 0 0 0 0 0 0 0

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

IENRI is an 8-bit read/write register that enables or disables interrupt requests.
Bit 7: Timer A interrupt enable (IENTA)

Bit 7 enables or disables timer A overflow interrupt requests.

Bit 7

IENTA Description

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

Bit 6: Reserved bit
Bit 6 is a readable/writable reserved bit. It is initialized to O by a reset.
Bit 5: Wakeup interrupt enable (IENWP)

Bit 5 enables or disables WKP, to WKP, interrupt requests.

Bit 5

IENWP Description

0 Disables WKP, to WKP, interrupt requests (initial value)
1 Enables WKP, to WKP, interrupt requests
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Bits4 to 0: IRQ, to IRQ, interrupt enable (IEN4 to IENO)

Bits 4 to 0 enable or disable IRQ, to IRQ, interrupt requests.

Bitn
IENN Description
0 Disables interrupt requests from pin IRQn (initial value)
1 Enables interrupt requests from pin TRQn
(n=41t00)

(3) Interrupt Enable Register 2 (IENR2)

Bit 7 6 5 4 3 2 1 0

(IENDT | IENAD | — | IENTG |IENTFH | IENTFL | IENTC | IENEC
Initial value 0 0 0 0 0 0 0 0

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

IENR?2 is an 8-bit read/write register that enables or disables interrupt requests.
Bit 7: Direct transfer interrupt enable (IENDT)

Bit 7 enables or disables direct transfer interrupt requests.

Bit 7

IENDT Description

0 Disables direct transfer interrupt requests (initial value)
1 Enables direct transfer interrupt requests

Bit 6: A/D converter interrupt enable (IENAD)

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

Bit 6

IENAD Description

0 Disables A/D converter interrupt requests (initial value)
1 Enables A/D converter interrupt requests
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Bit 5: Reserved bit
Bit 5 is a readable/writable reserved bit. It is initialized to O by a reset.
Bit 4: Timer G interrupt enable (IENTG)

Bit 4 enables or disables timer G input capture or overflow interrupt requests.

Bit 4

IENTG Description

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

Bit 3: Timer FH interrupt enable IENTFH)

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

Bit 3

IENTFH Description

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

Bit 2: Timer FL interrupt enable (IENTFL)

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

Bit 2

IENTFL Description

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

Bit 1: Timer C interrupt enable (IENTC)

Bit 1 enables or disables timer C overflow and underflow interrupt requests.

Bit 1

IENTC Description

0 Disables timer C interrupt requests (initial value)
1 Enables timer C interrupt requests
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Bit O: Asynchronous event counter interrupt enable (IENEC)

Bit 0 enables or disables asynchronous event counter interrupt requests.

Bit 0

IENEC Description

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

For details of SCI3-1 and SCI3-2 interrupt control, see section 10.2.6, Serial Control Register 3
(SCR3).

(4) Interrupt Request Register 1 (IRR1)

Bit 7 6 5 4 3 2 1 0
‘IRRTA‘ — \ — \ IRRI4 \ IRRI3 \ IRRI2 \ IRRI \ IRRIO

Initial value 0 0 1 0 0 0 0 0

Read/Write RW*  RW* — RW*  RW*  RW" RW" RW*

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

IRR1 is an 8-bit read/write register, in which a corresponding flag is set to 1 when a timer A or

IRQ, to IRQ, interrupt is requested. The flags are not cleared automatically when an interrupt is
accepted. It is necessary to write 0 to clear each flag.

Bit 7: Timer A interrupt request flag (IRRTA)

Bit 7

IRRTA Description

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

1 Setting condition:

When the timer A counter value overflows from H'FF to H'00

Bit 6: Reserved bit

Bit 6 is a readable/writable reserved bit. It is initialized to O by a reset.
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Bit 5: Reserved bit

Bit 5 is reserved; it is always read as 1 and cannot be modified.

Bits4to 0: IRQ, to IRQ, interrupt request flags (IRRI4 to IRRIO)

Bit n

IRRIN Description

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

1 Setting condition:

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

(n=4100)
(5) Interrupt Request Register 2 (IRR2)
Bit 7 6 5 4 3 2 1 0
‘ IRRDT ‘ IRRAD ‘ — ‘ IRRTG ‘IRRTFH ‘ IRRTFL‘ IRRTC ‘ IRREC
Initial value 0 0 0 0 0 0 0 0
Read/Write RW*  RW* RW RW*  RW* RW* RW*" RWF*

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

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

each flag.

Bit 7: Direct transfer interrupt request flag (IRRDT)

Bit 7
IRRDT Description
0 Clearing condition:

(initial value)
When IRRDT =1, it is cleared by writing O

Setting condition:

When a direct transfer is made by executing a SLEEP instruction while DTON = 1 in
SYSCR2
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Bit 6: A/D converter interrupt request flag IRRAD)

Bit 6

IRRAD Description

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

1 Setting condition:

When A/D conversion is completed and ADSF is cleared to 0 in ADSR

Bit 5: Reserved bit
Bit 5 is a readable/writable reserved bit. It is initialized to O by a reset.

Bit 4: Timer G interrupt request flag (IRRTG)

Bit 4

IRRTG Description

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

1 Setting condition:

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

Bit 3: Timer FH interrupt request flag (IRRTFH)

Bit 3

IRRTFH Description

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

1 Setting condition:

When TCFH and OCRFH match in 8-bit timer mode, or when TCF (TCFL, TCFH)
and OCRF (OCRFL, OCRFH) match in 16-bit timer mode
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Bit 2: Timer FL interrupt request flag (IRRTFL)

Bit 2

IRRTFL Description

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

1 Setting condition:
When TCFL and OCRFL match in 8-bit timer mode

Bit 1: Timer C interrupt request flag (IRRTC)

Bit 1

IRRTC Description

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

1 Setting condition:

When the timer C counter value overflows (from H'FF to H'00) or underflows
(from H'00 to H'FF)

Bit O: Asynchronous event counter interrupt request flag (IRREC)

Bit 0

IRREC Description

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

1 Setting condition:

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

Bit 7 6 5 4 3 2 1 0

\ IWPF7 \ IWPF6‘ IWPF5 \ IWPF4 \ IWPF3 \ IWPF2 \ IWPF1 \ IWPFO \
Initial value 0 0 0 0 0 0 0 0
Read/Write RW*  RW* RW* RW" RW" RW* RW* RWF?

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

IWPR is an 8-bit read/write register containing wakeup interrupt request flags. When one of pins
WKP, to WO is designated for wakeup input and a rising or falling edge is input at that pin, the
corresponding flag in IWPR is set to 1. A flag is not cleared automatically when the corresponding
interrupt is accepted. Flags must be cleared by writing 0.

Bits 7 to 0: Wakeup interrupt request flags IWPF7 to IWPFO)

Bitn
IWPFn Description
0 Clearing condition: (initial value)
When IWPFn= 1, it is cleared by writing 0
1 Setting condition:
When pin Wﬂ is designated for wakeup input and a rising or falling edge is input
at that pin
(n=7100)
(7) Wakeup Edge Select Register (WEGR)
Bit 7 6 5 4 3 2 1 0
‘WKEGS?‘WKEGS#WKEGSS‘WKEGS4‘WKEGSS‘WKEG82‘WKEGS1‘WKEGSO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

WEGR is an 8-bit read/write register that specifies rising or falling edge sensing for pins WKPn.

WEGR is initialized to H'00 by a reset.
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Bit n: WKPn edge select (WKEGSn)

Bit n selects WKPn pin input sensing.

Bit n

WKEGSn Description

0 WKPn pin falling edge detected (initial value)
1 WKPn pin rising edge detected

(n=71t00)

333 External Interrupts
There are 13 external interrupts: IRQ, to IRQ, and WKP, to WKP,.
1) InterruptsWKP, to WKP,

Interrupts WKP, to WKP, are requested by either rising or falling edge input to pins m7 to
mo. When these pins are designated as pins m7 to WO in port mode register 5 and a rising
or falling edge is input, the corresponding bit in IWPR is set to 1, requesting an interrupt.
Recognition of wakeup interrupt requests can be disabled by clearing the IENWP bit to 0 in
IENRI. These interrupts can all be masked by setting the I bit to 1 in CCR.

When WKP, to WKP, interrupt exception handling is initiated, the I bit is set to 1 in CCR. Vector
number 9 is assigned to interrupts WKP, to WKP,. All eight interrupt sources have the same
vector number, so the interrupt-handling routine must discriminate the interrupt source.

(2) InterruptsiRQ,toIRQ,

Interrupts IRQ, to IRQ, are requested by input signals to pins IRQ, to IRQ,. These interrupts are
detected by either rising edge sensing or falling edge sensing, depending on the settings of bits
IEG4 to IEGO in IEGR.

When these pins are designated as pins IRQ, to @0 in port mode register 3 and 1 and the
designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an interrupt.
Recognition of these interrupt requests can be disabled individually by clearing bits IEN4 to IENO
to 0 in IENR1. These interrupts can all be masked by setting the I bit to 1 in CCR.

When IRQ, to IRQ, interrupt exception handling is initiated, the I bit is set to 1 in CCR. Vector
numbers 8§ to 4 are assigned to interrupts IRQ, to IRQ,. The order of priority is from IRQ, (high) to
IRQ, (Iow). Table 3.2 gives details.
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334 Internal Interrupts

There are 23 internal interrupts that can be requested by the on-chip peripheral modules. When a
peripheral module requests an interrupt, the corresponding bit in IRR1 or IRR2 is set to 1.
Recognition of individual interrupt requests can be disabled by clearing the corresponding bit in
IENR1 or IENR2. All these interrupts can be masked by setting the I bit to 1 in CCR. When
internal interrupt handling is initiated, the I bit is set to 1 in CCR. Vector numbers from 20 to 11
are assigned to these interrupts. Table 3.2 shows the order of priority of interrupts from on-chip
peripheral modules.

335 Interrupt Operations

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

External or
internal

(Il
interrupts D 4D_>
3

. Interrupt
:l ) T request

Priority decision logic

External
interrupts or

(I

- X
internal Di :

)

interrupt
enable
signals

I | ccr(cpu)

Figure3.2 Block Diagram of Interrupt Controller
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Interrupt operation is described as follows.

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

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

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

e The interrupt controller checks the I bit of CCR. If the I bit is 0, the selected interrupt request
is accepted; if the I bit is 1, the interrupt request is held pending.

e If the interrupt is accepted, after processing of the current instruction is completed, both PC
and CCR are pushed onto the stack. The state of the stack at this time is shown in figure 3.4.
The PC value pushed onto the stack is the address of the first instruction to be executed upon
return from interrupt handling.

e The I bit of CCR is set to 1, masking further interrupts.

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

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

| Program execution state |

IRRI2 =1

No

PC contents saved

1

CCR contents saved

1

|1

1

Branch to interrupt
handling routine

Legend:
PC: Program counter
CCR: Condition code register

| bit of CCR

Figure3.3 Flow Up to Interrupt Acceptance
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/_\/ /_\/

SP-4 SP (R7) — CCR
SP-3 SP +1 CCR *
SP-2 SP +2 PCH
SP -1 SP +3 PC,
SP (R7) — SP +4 Even address
Stack area
Prior to start of interrupt ————————* After completion of interrupt
exception handling PC and CCR exception handling
saved to stack
Legend:
PCyh:  Upper 8 bits of program counter (PC)
PC_:  Lower 8 bits of program counter (PC)
CCR: Condition code register
SP: Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon

return from the interrupt handling routine.

2. Register contents must always be saved and restored by word access,
starting from an even-numbered address.

* Ignored on return.

Figure3.4 Stack Stateafter Completion of Interrupt Exception Handling

Figure 3.5 shows a typical interrupt sequence.
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Figure3.5 Interrupt Sequence
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336 Interrupt Response Time

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

Table3.4 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction™ 1t0 13 15 to 27
Saving of PC and CCR to stack 4

Vector fetch 2

Instruction fetch 4

Internal processing 4

Note: * Not including EEPMOV instruction.
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34 Application Notes

34.1 Notes on Stack Area Use

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

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

| PCH | SP— R1L H'FEFC
SP — PCL PCL H'FEFD
sPol ] | HFEFF
BSR instruction MOV. B RiL, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PCy are lost
Legend:

PCy: Upper byte of program counter
PC.: Lower byte of program counter
R1L: General register R1L

SP: Stack pointer

Figure3.6 Operation when Odd Addressis Set in SP

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

Rev. 1.00 May 30, 2008 Page 80 of 484
REJ09B0436-0100 RENESAS




Section 3 Exception Handling

34.2 Noteson Rewriting Port Mode Registers

When a port mode register is rewritten to switch the functions of external interrupt pins, the
following points should be observed.

When an external interrupt pin function is switched by rewriting the port mode register that
controls pins @4 to @w m7 to WO, the interrupt request flag may be set to 1 at the time
the pin function is switched, even if no valid interrupt is input at the pin. Be sure to clear the
interrupt request flag to 0 after switching pin functions. Table 3.5 shows the conditions under
which interrupt request flags are set to 1 in this way.

Table3.5 ConditionsUnder which Interrupt Request FlagisSetto 1

Interrupt Request
Flags Setto 1 Conditions

IRR1 IRRI4  When PMR1 bit IRQ4 is changed from 0 to 1 while pin IRQ, is low and IEGR bit IEG4 = 0.
When PMR1 bit IRQ4 is changed from 1 to 0 while pin IRQ, is low and IEGR bit IEG4 = 1.
IRRI3 When PMR1 bit IRQ3 is changed from 0 to 1 while pin IRQ, is low and IEGR bit IEG3 = 0.
When PMR1 bit IRQ3 is changed from 1 to 0 while pin IRQ, is low and IEGR bit IEG3 = 1.
IRRI2 When PMR1 bit IRQ2 is changed from 0 to 1 while pin IRQ, is low and IEGR bit IEG2 = 0.
When PMR1 bit IRQ2 is changed from 1 to 0 while pin IRQ, is low and IEGR bit IEG2 = 1.
IRRI1 When PMR1 bit IRQ1 is changed from 0 to 1 while pin IRQ, is low and IEGR bit IEG1 = 0.
When PMR1 bit IRQ1 is changed from 1 to 0 while pin IRQ, is low and IEGR bit IEG1 = 1.
IRRIO When PMR3 bit IRQO is changed from 0 to 1 while pin IRQ, is low and IEGR bit IEGO = 0.
When PMR3 bit IRQO is changed from 1 to 0 while pin IRQ, is low and IEGR bit IEGO = 1.
IWPR IWPF7  When PMRS5 bit WKP7 is changed from 0 to 1 while pin WKP, is low.
IWPF6  When PMRS5 bit WKP6 is changed from 0 to 1 while pin WKP, is low.
IWPF5  When PMRS5 bit WKP5 is changed from 0 to 1 while pin WKP, is low.
IWPF4  When PMRS5 bit WKP4 is changed from 0 to 1 while pin WKP, is low.
IWPF3  When PMRS5 bit WKP3 is changed from 0 to 1 while pin WKP, is low.
IWPF2  When PMRS5 bit WKP2 is changed from 0 to 1 while pin WKP, is low.
IWPF1  When PMRS5 bit WKP1 is changed from 0 to 1 while pin WKP, is low.
IWPFO  When PMRS5 bit WKPO is changed from 0 to 1 while pin WKP, is low.
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Figure 3.7 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag.

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

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

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

| Set port mode register bit |

‘ After setting the port mode register bit,

| 77777777 first execute at least one instruction
(e.g., NOP), then clear the interrupt

‘ request flag to 0

| Execute NOP instruction

| Clear interrupt request flag to 0 |

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

Figure3.7 Port Mode Register Setting and Interrupt Request Flag Clearing Procedure
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34.3 Method for Clearing Interrupt Request Flags

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

Recommended method

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

BCLR #1, @IRR1:8

MOV.B R1L, @IRR1:8 (set the value of RI1L to B'11111101)

Example of a malfunction

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

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

MOV.B @IRR1:8,RI1L ......... IRRIO = 0 at this time
AND.B #B'11111101,R1L ..... Here, IRRIO =1
MOV.B R1L,Q@IRR1:8 ......... IRRIO is cleared to O

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

The IRQO interrupt is disabled because, although the original objective is clearing IRRI1,
IRRIO is also cleared.
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Section 4 Clock Pulse Generators

4.1 Overview

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

41.1 Block Diagram

Figure 4.1 shows a block diagram of the clock pulse generators.

OSC1— > system clock Gos System clock 0osc/128 | o
0SCp=i—| oscillator (foso) divider (1/2) System | 0osc/64
clock 00sc/32 | Prescaler S [~ ?éz
| divider ¢OSC/16 ! (13 bitS) . (])/81 92
_ System clock pulse generator LT " g
; w2 : ~ bw
BXCL o ook | 0wl | Subcock [ |
X1y Subcloc divider W = Osus
Xp<| OSClator | @) |12 14, 1/8) Ow ! o2
| : = ow
| ; > (])W/4
‘ ! /8
| ! Prescaler W i bw

| lock pul ‘ ; 1 to
| Subclock pulse generator T (5bits)  |'» o,,/128

Figure4.1 Block Diagram of Clock Pulse Generators

412 System Clock and Subclock

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

The clock signals available for use by peripheral modules are ¢/2, ¢/4, ¢/8, ¢/16, 0/32, ¢/64,
0/128, 0/256, §/512, $/1024, $/2048, $/4096, $/8192, 0, §,./2, 0,,/4, 0,/8, ¢,/16, 0,/32, ¢, /64,
and ¢,/128. The clock requirements differ from one module to another.
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4.2 System Clock Generator

Clock pulses can be supplied to the system clock divider either by connecting a crystal or ceramic
oscillator, or by providing external clock input.

(1) Connecting a Crystal Oscillator

Figure 4.2 shows a typical method of connecting a crystal oscillator. For information on
recommended resonators, see the product AC characteristics listed in section 16, Electrical
Characteristics. Please consult with the resonator manufacturer when selecting a resonator model.

Ri =1 MQ +20%

Cq
0SC1 z
Ry 1 |_77|7
0OSC» CZ|—77\7

Figure4.2 Typical Connection to Crystal Oscillator
(2) Connecting a Ceramic Oscillator

Figure 4.3 shows a typical method of connecting a ceramic oscillator. For information on
recommended resonators, see the product AC characteristics listed in section 16, Electrical
Characteristics. Please consult with the resonator manufacturer when selecting a resonator model.

R¢ = 1 MQ +20%

C4
0OSC+
% Ry [ |_77|7
0OSC» C2|—77‘7

Figure4.3 Typical Connection to Ceramic Oscillator
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(3) Noteson Board Design

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

Avoid running signal lines close to the oscillator circuit, since the oscillator may be adversely
affected by induction currents. (See figure 4.4.)

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

To be avoided | — > Signal A Signal B

0OSC+

H O

0OSC»

Figure4.4 Board Design of Oscillator Circuit
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(4) External Clock Input Method

Connect an external clock signal to pin OSC,, and leave pin OSC, open. Figure 4.5 shows a typical
connection.

0osCy ——mm External clock input

OSC2 —— Open

Figure4.5 External Clock Input (Example)

Frequency Oscillator Clock (¢,..)
Duty cycle 45% to 55%

Note: The circuit parameters above are recommended by the crystal or ceramic oscillator
manufacturer.
The circuit parameters are affected by the crystal or ceramic oscillator and floating
capacitance when designing the board. When using the oscillator, consult with the crystal
or ceramic oscillator manufacturer to determine the circuit parameters.
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4.3 Subclock Generator
(1) Connecting a 32.768 kHz/38.4 kHz Crystal Oscillator

Clock pulses can be supplied to the subclock divider by connecting a 32.768 kHz/38.4 kHz crystal
oscillator, as shown in figure 4.6. Follow the same precautions as noted under 3. notes on board
design for the system clock in 4.2.

C4
"L
X CZ}_% Ci

=Cy =15pF (typ.)

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

Oscillation frequency | Manufacturer Products Name
38.4 kHz Seiko Instrument Inc. | VTC-200
32.768 kHz Nihon Denpa Kogyo | MX73P

Figure4.6 Typical Connection to 32.768 kHz/38.4 kHz Crystal Oscillator (Subclock)

Figure 4.7 shows the equivalent circuit of the 32.768 kHz/38.4 kHz crystal oscillator.

7000 | |
Ls Rs

X1 =1 = Xo

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

Figure4.7 Equivalent Circuit of 32.768 kHz/38.4 kHz Crystal Oscillator
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(2) Pin Connection when Not Using Subclock

When the subclock is not used, connect pin X, to GND and leave pin X, open, as shown in

figure 4.8.

X
1 7J7 GND

X2 ———  Open

Figure4.8 Pin Connection when not Using Subclock

(3) External Clock Input

Connect pin X, to GND and leave pin X, open. Input an external clock to pin EXCL. Set bit EXCL
in register PMR2 to 1 to supply the external clock to the internal components of the device. A
connection example is shown in figure 4.9.

GND

Xol _ Open

P34/JUD/EXCL ——— M External clock input

Figure4.9 Pin Connection when I nputting External Clock

Frequency Subclock (¢w)
Duty 45% to 55%
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4.4 Prescalers

This LSI is equipped with two on-chip prescalers having different input clocks (prescaler S and
prescaler W). Prescaler S is a 13-bit counter using the system clock (¢) as its input clock. Its
prescaled outputs provide internal clock signals for on-chip peripheral modules. Prescaler W is a
5-bit counter using a 32.768 kHz or 38.4 kHz signal divided by 4 (¢,,/4) as its input clock. Its
prescaled outputs are used by timer A as a time base for timekeeping.

(1) Prescaler S(PSS)

Prescaler S is a 13-bit counter using the system clock (¢) as its input clock. It is incremented once
per clock period.

Prescaler S is initialized to H'0000 by a reset, and starts counting on exit from the reset state.

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

The CPU cannot read or write prescaler S.

The output from prescaler S is shared by timer A, timer C, timer F, timer G, SCI3-1, SC3-2, the
A/D converter, the LCD controller, the watchdog timer, and the 14-bit PWM. The divider ratio
can be set separately for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler S is ¢osc/16, dposc/32, dposc/64, or
dosc/128.

(2) Prescaler W (PSW)

Prescaler W is a 5-bit counter using a 32.768 kHz/38.4 kHz signal divided by 4 (¢,,/4) as its input
clock.

Prescaler W is initialized to H'00 by a reset, and starts counting on exit from the reset state.

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

Prescaler W can be reset by setting 1s in bits TMA3 and TMA?2 of timer mode register A (TMA).

Output from prescaler W can be used to drive timer A, in which case timer A functions as a time
base for timekeeping.
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45 Note on Oscillators

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

TEST || =2

OSC1 |—/

é =
=
0SC2 I~
Vss :I E
X2 |“
=
T
T S ——
T |
Pz | ]| (ss)

Figure4.10 Example of Crystal and Ceramic Oscillator Element Arrangement

Figure 4.11 (1) shows an example measuring circuit with the negative resistance suggested by the
oscillator manufacturer. Note that if the negative resistance of the circuit is less than that suggested
by the oscillator manufacturer, it may be difficult to start the main oscillator.

If it is determined that oscillation is not occurring because the negative resistance is lower than the
level suggested by the oscillator manufacturer, the circuit may be modified as shown in figure 4.11
(2) through (4). Which of the modification suggestions to use and the capacitor capacitance should
be decided based upon an evaluation of factors such as the negative resistance and the frequency
deviation.
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1L
11 osct
c1 .:=L.

77 <

é 3

| |—¢ X 0sC2
c2 \

77

Negative resistance,
addition of -R

(1) Negative Resistance Measuring Circuit

Modification
point

( ) |

0OScC1

§
o——-o
;:‘v

c2 osc2

(3) Oscillator Circuit Modification Suggestion 2

Modification
point
|1 °
1T 0OSC1
C1 l
<~ T FRf
I I * 0Ssc2
C2
777

(2) Oscillator Circuit Modification Suggestion 1

Modification
point

T
[
Jy 53.2 0sC2

(4) Oscillator Circuit Modification Suggestion 3

0OSscC1

o—[I—-eo
AA
vy
X
4

Figure4.11 Negative Resistance M easurement and Circuit Modification Suggestions

45.1 Definition of Oscillation Stabilization Wait Time

Figure 4.12 shows the oscillation waveform (OSC,), system clock (¢), and microcomputer
operating mode when a transition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an oscillator element connected to the system clock

oscillator.

As shown in figure 4.12, as the system clock oscillator is halted in standby mode, watch mode,
and subactive mode, when a transition is made to active (high-speed/medium-speed) mode, the
sum of the following two times (oscillation stabilization time and wait time) is required.
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(1) Ogcillation Stabilization Time (t,.)

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

(2) Wait Time

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

The wait time setting is selected with standby timer select bits 2 to 0 (STS2 to STSO) (bits 6 to 4 in
system control register 1 (SYSCRI1)).

Oscillation
waveform
(OSCy)

System clock

()

Oscillation
stabilization

time |
| Wait time

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

mode

Interrupt accepted

Figure4.12 Oscillation Stabilization Wait Time

When standby mode, watch mode, or subactive mode is cleared by an interrupt or reset, and a
transition is made to active (high-speed/medium-speed) mode, the oscillation waveform begins to
change at the point at which the interrupt is accepted. Therefore, when an oscillator element is
connected in standby mode, watch mode, or subactive mode, since the system clock oscillator is
halted, the time from the point at which this oscillation waveform starts to change until the
amplitude of the oscillation waveform increases and the oscillation frequency stabilizes—that is,
the oscillation stabilization time—is required.
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The oscillation stabilization time in the case of these state transitions is the same as the oscillation
stabilization time at power-on (the time from the point at which the power supply voltage reaches
the prescribed level until the oscillation stabilizes), specified by "oscillation stabilization time tyc"
in the AC characteristics.

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

Thus, the time required from interrupt generation until operation of the CPU and peripheral
functions is the sum of the above described oscillation stabilization time and wait time. This total
time is called the oscillation stabilization wait time, and is expressed by equation (1) below.

Oscillation stabilization wait time = oscillation stabilization time + wait time
=t + (810 131,072 states) ..o @))]

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

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

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

If erroneous operation occurs, change the setting of standby timer select bits 2 to 0 (STS2 to
STS0) (bits 6 to 4 in system control register 1 (SYSCRI1)) to give a longer wait time.

For example, if erroneous operation occurs with a wait time setting of 16 states, check the
operation with a wait time setting of 8,192 states or more.

If the same kind of erroneous operation occurs after a reset as after a state transition, hold the RES
pin low for a longer period.
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Section 5 Power-Down Modes

51 Overview

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

Table5.1 Operating Modes

Operating Mode Description

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

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

Subactive mode The CPU is operable on the subclock in low-speed operation

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

Sleep (medium-speed) mode The CPU halts. On-chip peripheral functions operate at a
frequency of 1/64, 1/32, 1/16, or 1/8 of the system clock
frequency

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

timer G, timer F,WDT, SCI3-1, SCI3-2, AEC, and LCD
controller/driver are operable on the subclock

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

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

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

enter standby mode and halt

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

Figure 5.1 shows the transitions among these operation modes. Table 5.2 indicates the internal
states in each mode.
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Program Program
Reset state execution state halt state
; ! SLEEP !
' Active ' instruction® ! Sleep
Program , (high-speed) ' @ " | (high-speed)
f mode ! . mode
halt state H ! Q @
""""""""" ' ! Y ! Q/Q/‘,\\Oo'
; / = 3 ' ‘5\’\@" i
i 4 = [ i '
Standby : Joomel e\ % &
mode ' f wsl s ! S, &
| ne|l ws (SN
i I @ 1] \ %,
' < y < ) )
i - I LEEP
i : Active ! instruction® | Sleep
Y ' | (medium-speed) | (3)i (medium-speed)
i mode ! mode
; ) Q
B = = .
L 58| %8
I wo| (We
' 22| @ 2
| DE =
! 2|72
, Y
Watch . Subactive Subsleep
mode mode mode

Mode Transition Conditions (1)

D Power-down modes

Mode Transition Conditions (2)

Interrupt Sources

Timer A, Timer F, Timer G interrupt, IRQq interrupt,
WKP; to WKP, interrupts

Timer A, Timer C, Timer F, Timer G, SCI3-1,
SCI3-2 interrupt, IRQ,4 to IRQq interrupts,

WKP5 to WKP, interrupts, AEC

All interrupts

IRQ; or IRQq interrupt, WKP- to WKPy interrupts

LSON MSON SSBY TMA3 DTON
(a) 0 0 0 * 0 (1)
(b) 0 1 0 % 0
(c) 1 % 0 1 0 (2)
(d) 0 * 1 0 0
(e) % % 1 1 0
® 0 0 0 * 1 @)
@ | o 1 o k1 “
(h) 0 1 1 1 1
(i) 1 * 1 1 1
) 0 0 1 1 1

*: Don’t care

Notes:

A transition between different modes cannot be made to occur simply because an interrupt
request is generated. Make sure that interrupt handling is performed after the interrupt is

accepted.

in sections 5.2 t0 5.9.

Details on the mode transition conditions are given in the explanations of each mode,

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

Active Mode Sleep Mode
High- Medium-  High- Medium-  Watch Subactive  Subsleep Standby
Function Speed Speed Speed Speed Mode Mode Mode Mode
System clock oscillator Functions Functions Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions  Functions Functions Functions Functions Functions Functions Functions
CPU Instructions Functions  Functions Halted Halted Halted Functions Halted Halted
operations  gam Retained Retained  Retained Retained Retained
Registers
/O ports Retained™’
External IRQp Functions ~ Functions  Functions Functions Functions  Functions  Functions  Functions
interrupts  |pQ, Retained™®
IRQo Retained™®
IRQ3
IRQ4
WKPq Functions  Functions  Functions Functions Functions  Functions ~ Functions  Functions
WKP+
WKPo
WKP3
WKP4
WKP5
WKPg
WKP5
Peripheral ~ Timer A Functions Functions Functions Functions Functions™ Functions™ Functions™ Retained
functions  Asynchronous Functions®® Functions ~ Functions  Functions™®
counter
Timer C Retained Functions/  Functions/  Retained
Retained™®  Retained™
WDT Functions/  Retained
Retained™’
Timer G, Functions/  Functions/  Functions/
Timer F Retained™  Retained*  Retained™
SCI3-1 Reset Functions/  Functions/  Reset
SCl32 Retained™  Retained™
PWM Retained Retained Retained Retained
A/D converter Retained Retained Retained Retained
LCD Functions/  Functions/  Functions/  Retained
Retained™  Retained™  Retained™

Notes:

Register contents are retained, but output is high-impedance state.

Functions if an external clock or the ¢,/4 internal clock is selected; otherwise halted and retained.
Functions if ¢,,/2 is selected as the internal clock; otherwise halted and retained.
Functions if ¢y, dy/2 or 0,/4 is selected as the operating clock; otherwise halted and retained.

External interrupt requests are ignored. Interrupt request register contents are not altered.
Functions if ¢,,/32 is selected as the internal clock; otherwise halted and retained.
Incrementing is possible, but interrupt generation is not.
Functions if the ¢,,/4 internal clock is selected; otherwise halted and retained.

1
2
3
4
5. Functions if the timekeeping time-base function is selected.
6
7
8
9
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511 System Control Registers

The operation mode is selected using the system control registers described in table 5.3.

Table5.3 System Control Registers

Name Abbr. R/W Initial Value Address
System control register 1 SYSCRH1 R/W H'07 H'FFFO
System control register 2 SYSCR2 R/W H'FO H'FFF1
(1) System Control Register 1 (SYSCR1)
Bit 7 6 5 4 3 2 1 0
| SSBY | STS2 | STSt | STSO | LSON | — | MA1 | MAo
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — R/W R/W
SYSCRI is an 8-bit read/write register for control of the power-down modes.
Upon reset, SYSCRI1 is initialized to H'07.
Bit 7: Software standby (SSBY)
This bit designates transition to standby mode or watch mode.
Bit 7
SSBY Description
0 e When a SLEEP instruction is executed in active mode, (initial value)
a transition is made to sleep mode
e When a SLEEP instruction is executed in subactive mode, a transition is made
to subsleep mode
1 e When a SLEEP instruction is executed in active mode, a transition is made to

standby mode or watch mode

e When a SLEEP instruction is executed in subactive mode, a transition is made

to watch mode
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Bits 6 to 4: Standby timer select 2 to 0 (STS2 to STS0)

These bits designate the time the CPU and peripheral modules wait for stable clock operation after
exiting from standby mode or watch mode to active mode due to an interrupt. The designation
should be made according to the operating frequency so that the waiting time is at least equal to
the oscillation settling time.

Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

0 0 0 Wait time = 8,192 states (initial value)
0 0 1 Wait time = 16,384 states

0 1 0 Wait time = 32,768 states

0 1 1 Wait time = 65,536 states

1 0 0 Wait time = 131,072 states

1 0 1 Wait time = 2 states (External clock mode)
1 1 0 Wait time = 8 states

1 1 1 Wait time = 16 states

Note: In the case that external clock is input, set up the “Standby timer select” selection to
External clock mode before Mode Transition. Also, do not set up to external clock mode, in
the case that it does not use external clock.

Bit 3: Low speed on flag (LSON)

This bit chooses the system clock (¢) or subclock (¢,,) as the CPU operating clock when watch
mode is cleared. The resulting operation mode depends on the combination of other control bits
and interrupt input.

Bit 3

LSON Description

0 The CPU operates on the system clock (¢) (initial value)
1 The CPU operates on the subclock (d,,)

Bit 2: Reserved bit

Bit 2 is reserved: it is always read as 1 and cannot be modified.
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Bits1 and 0: Active (medium-speed) mode clock select (MA1, MAO)

Bits 1 and O choose ¢/128, ¢ /64, 0ys/32, Or O/16 as the operating clock in active (medium-
speed) mode and sleep (medium-speed) mode. MA1 and MAO should be written in active (high-
speed) mode or subactive mode.

Bit 1 Bit 0

MA1 MAO Description

0 0 0osc/16

0 1 Posc/32

1 0 0os /64

1 1 Posc/128 (initial value)

(2) System Control Register 2 (SYSCR?2)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SA1 ‘ SAO0
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

SYSCR?2 is an 8-bit read/write register for power-down mode control.
Bits 7 to 5: Reserved bits

These bits are reserved; they are always read as 1, and cannot be modified.
Bit 4: Noise elimination sampling frequency select (NESEL)

This bit selects the frequency at which the watch clock signal (¢,,) generated by the subclock pulse
generator is sampled, in relation to the oscillator clock (¢,,.) generated by the system clock pulse
generator. When ¢, = 2 to 16 MHz, clear NESEL to 0.

Bit 4

NESEL Description

0 Sampling rate is ¢ /16

1 Sampling rate is /4 (initial value)
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Bit 3: Direct transfer on flag (DTON)

This bit designates whether or not to make direct transitions among active (high-speed), active
(medium-speed) and subactive mode when a SLEEP instruction is executed. The mode to which
the transition is made after the SLEEP instruction is executed depends on a combination of this
and other control bits.

Bit 3
DTON Description
0 e When a SLEEP instruction is executed in active mode, (initial value)
a transition is made to standby mode, watch mode, or sleep mode
e When a SLEEP instruction is executed in subactive mode, a transition is made
to watch mode or subsleep mode
1 e When a SLEEP instruction is executed in active (high-speed) mode, a direct

transition is made to active (medium-speed) mode if SSBY = 0, MSON = 1, and
LSON = 0, or to subactive mode if SSBY =1, TMA3 = 1, and LSON = 1

e When a SLEEP instruction is executed in active (medium-speed) mode, a direct
transition is made to active (high-speed) mode if SSBY = 0, MSON =0, and
LSON = 0, or to subactive mode if SSBY =1, TMA3 = 1, and LSON = 1

e When a SLEEP instruction is executed in subactive mode, a direct transition is
made to active (high-speed) mode if SSBY =1, TMA3 =1, LSON =0, and
MSON = 0, or to active (medium-speed) mode if SSBY =1, TMA3 =1, LSON =
0, and MSON = 1

Bit 2: Medium speed on flag (MSON)

After standby, watch, or sleep mode is cleared, this bit selects active (high-speed) or active
(medium-speed) mode.

Bit 2

MSON Description

0 Operation in active (high-speed) mode (initial value)
1 Operation in active (medium-speed) mode
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Bits 1 and 0: Subactive mode clock select (SA1 and SAQ)

These bits select the CPU clock rate (9,,/2, ¢,,/4, or 0,,/8) in subactive mode. SA1 and SAO cannot
be modified in subactive mode.

Bit 1 Bit 0

SA1l SAO0 Description

0 0 ¢,,/8 (initial value)
0 1 0,/4

1 * ¢,/2

*: Don’t care

5.2 Sleep Mode

521 Transition to Sleep Mode
(1) Transition to Sleep (High-Speed) M ode

The system goes from active mode to sleep (high-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bits in SYSCRI1 are cleared to 0, the MSON and DTON bits
in SYSCR2 are cleared to 0. In sleep mode CPU operation is halted but the on-chip peripheral
functions. CPU register contents are retained.

(2) Transition to Sleep (Medium-Speed) Mode

The system goes from active mode to sleep (medium-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bits in SYSCRI1 are cleared to 0, the MSON bit in SYSCR2
is set to 1, and the DTON bit in SYSCR?2 is cleared to 0. In sleep (medium-speed) mode, as in
sleep (high-speed) mode, CPU operation is halted but the on-chip peripheral functions are
operational. The clock frequency in sleep (medium-speed) mode is determined by the MA1 and
MAQO bits in SYSCR1. CPU register contents are retained.

Furthermore, it sometimes acts with half state early timing at the time of transition to sleep
(medium-speed) mode.
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522 Clearing Sleep Mode

Sleep mode is cleared by any interrupt (timer A, timer C, timer F, timer G, asynchronous counter,
IRQ, to IRQ,, WKP, to WKP,, SCI3-1, SCI3-2, A/D converter, or), or by input at the RES pin.

e (Clearing by interrupt
When an interrupt is requested, sleep mode is cleared and interrupt exception handling starts.
A transition is made from sleep (high-speed) mode to active (high-speed) mode, or from sleep
(medium-speed) mode to active (medium-speed) mode. Sleep mode is not cleared if the I bit of
the condition code register (CCR) is set to 1 or the particular interrupt is disabled in the
interrupt enable register.
Interrupt signal and system clock are mutually asynchronous. Synchronization error time in a
maximum is 2/¢ (s).

e C(Clearing by RES input
When the RES pin goes low, the CPU goes into the reset state and sleep mode is cleared.

523 Clock Frequency in Sleep (M edium-Speed) Mode

Operation in sleep (medium-speed) mode is clocked at the frequency designated by the MA1 and
MAO bits in SYSCRI.

5.3 Standby Mode

531 Transition to Standby Mode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY bit in SYSCRI1 is set to 1, the LSON bit in SYSCRI1 is cleared to 0, and bit TMA3 in
TMA is cleared to 0. In standby mode the clock pulse generator stops, so the CPU and on-chip
peripheral modules stop functioning, but as long as the rated voltage is supplied, the contents of
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retained. On-chip
RAM contents will be further retained down to a minimum RAM data retention voltage. The I/O
ports go to the high-impedance state.
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532 Clearing Standby Mode

Standby mode is cleared by an interrupt (IRQ, or IRQ,), WKP, to WKP, or by input at the RES
pin.

e (learing by interrupt
When an interrupt is requested, the system clock pulse generator starts. After the time set in
bits STS2 to STSO in SYSCRI1 has elapsed, a stable system clock signal is supplied to the
entire chip, standby mode is cleared, and interrupt exception handling starts. Operation
resumes in active (high-speed) mode if MSON = 0 in SYSCR2, or active (medium-speed)
mode if MSON = 1. Standby mode is not cleared if the I bit of CCR is set to 1 or the particular
interrupt is disabled in the interrupt enable register.

e Clearing by RES input
When the RES pin goes low, the system clock pulse generator starts. After the pulse generator
output has stabilized, if the RES pin is driven high, the CPU starts reset exception handling.
Since system clock signals are supplied to the entire chip as soon as the system clock pulse
generator starts functioning, the RES pin should be kept at the low level until the pulse
generator output stabilizes.
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533 Oscillator Settling Time after Standby Mode is Cleared
Bits STS2 to STSO in SYSCRI1 should be set as follows.

e  When a crystal oscillator is used

The table below gives settings for various operating frequencies. Set bits STS2 to STSO for a
waiting time at least as long as the oscillation settling time.

Table5.4 Clock Frequency and Settling Time (Timesarein ms)

STS2 STS1 STSO Waiting Time 2 MHz 1 MHz
0 0 0 8,192 states 41 8.2

0 0 1 16,384 states 8.2 16.4

0 1 0 32,768 states 16.4 32.8

0 1 1 65,536 states 32.8 65.5

1 0 0 131,072 states 65.5 131.1

1 0 1 2 states (Use prohibited) 0.001 0.002

1 1 0 8 states 0.004 0.008
1 1 1 16 states 0.008 0.016

e  When an external clock is used

STS2 =1, STS1 =0, and STSO = 1 should be set. Other values possible use, but CPU
sometimes will start operation before waiting time completion.

534 Standby Mode Transition and Pin States

When a SLEEP instruction is executed in active (high-speed) mode or active (medium-speed)
mode while bit SSBY is set to 1 and bit LSON is cleared to 0 in SYSCR1, and bit TMA3 is
cleared to 0 in TMA, a transition is made to standby mode. At the same time, pins go to the high-
impedance state (except pins for which the pull-up MOS is designated as on). Figure 5.2 shows
the timing in this case.
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Internal data bus ><SLEEP instruction fetch >< Fetch of next instruction ><

SLEEP instruction execution Internal prpcessing

Pins Port output High-impedance

Active (high-speed) mode or active (medium-speed) mode Standby mode

Figure5.2 Standby Mode Transition and Pin States

535 Notes on External Input Signal Changes befor e/after Standby Mode

1.

2.

When external input signal changes before/after standby mode or watch mode

When an external input signal such as IRQ or WKP is input, both the high- and low-level
widths of the signal must be at least two cycles of system clock ¢ or subclock ¢SURB (referred
to together in this section as the internal clock). As the internal clock stops in standby mode
and watch mode, the width of external input signals requires careful attention when a transition
is made via these operating modes. Ensure that external input signals conform to the conditions
stated in 3, Recommended timing of external input signals, below.

When external input signals cannot be captured because internal clock stops
The case of falling edge capture is illustrated in figure 5.3

As shown in the case marked "Capture not possible,” when an external input signal falls
immediately after a transition to active (high-speed or medium-speed) mode or subactive
mode, after oscillation is started by an interrupt via a different signal, the external input signal
cannot be captured if the high-level width at that point is less than 2t or 2 t

subcyc®

Recommended timing of external input signals

To ensure dependable capture of an external input signal, high- and low-level signal widths of
atleast 2t or2t,  arenecessary before a transition is made to standby mode or watch
mode, as shown in "Capture possible: case 1."

External input signal capture is also possible with the timing shown in "Capture possible: case
2" and "Capture possible: case 3," in whicha 2t or 2 ¢, level width is secured.

subcyc
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Operatin Active (high-speed, Wait for | Active (high-speed,
q 9 medium-speed) mode Standby mode | oscillation| medium-speed) mode
mode or subactive mode or watch mode |to settle | or subactive mode
Cloye oo ] toye Clye
: tsubcyc : tsubcyc : tsubcyc : tsubcyc :
i T — Lo EE— ]
| | |
(( (( ;

External input signal |

¢ or dsus [ L | ) R

Capture possible:
case 1

|
|
Capture possible: 1

|
l
case 2 _l_l |
|
|
|

|

|

|

:

| |

Capture possible: ! ;
case 3 I\
|

|

|

|

|

|

Capture not | O
possible ; ;

Interrupt by different
signall

Figure5.3 External Input Signal Capture when Signal Changes befor e/after
Standby Mode or Watch Mode

. Input pins to which these notes apply:
IRQ, to IRQ,, WKP, to WKP,, ADTRG, TMIC, TMIF, TMIG
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54 Watch Mode

54.1 Transition to Watch Mode

The system goes from active or subactive mode to watch mode when a SLEEP instruction is
executed while the SSBY bit in SYSCRI1 is set to 1 and bit TMA3 in TMA is set to 1.

In watch mode, operation of on-chip peripheral modules is halted except for timer A, timer F,
timer G, AEC and the LCD controller/driver (for which operation or halting can be set) is halted.
As long as a minimum required voltage is applied, the contents of CPU registers, the on-chip
RAM and some registers of the on-chip peripheral modules, are retained. 1/O ports keep the same
states as before the transition.

54.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (timer A, timer F, timer G, IRQ,, or WKP, to WKP,) or by
input at the RES pin.

e (learing by interrupt
When watch mode is cleared by interrupt, the mode to which a transition is made depends on
the settings of LSON in SYSCR1 and MSON in SYSCR2. If both LSON and MSON are
cleared to 0, transition is to active (high-speed) mode; if LSON = 0 and MSON = 1, transition
is to active (medium-speed) mode; if LSON = 1, transition is to subactive mode. When the
transition is to active mode, after the time set in SYSCR1 bits STS2 to STSO has elapsed, a
stable clock signal is supplied to the entire chip, watch mode is cleared, and interrupt exception
handling starts. Watch mode is not cleared if the I bit of CCR is set to 1 or the particular
interrupt is disabled in the interrupt enable register.

e C(Clearing by RES input
Clearing by RES pin is the same as for standby mode; see Clearing by RES pin in section
5.3.2, Clearing Standby Mode.

54.3 Oscillator Settling Time after Watch Modeis Cleared

The waiting time is the same as for standby mode; see section 5.3.3, Oscillator Settling Time after
Standby Mode is Cleared.
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544 Notes on External Input Signal Changes befor e/after Watch Mode

See section 5.3.5, Notes on External Input Signal Changes before/after Standby Mode.

55 Subsleep Mode

55.1 Transition to Subsleep Mode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
while the SSBY bit in SYSCR1 is cleared to O, LSON bit in SYSCR1 is set to 1, and TMA3 bit in
TMA is set to 1. In subsleep mode, operation of on-chip peripheral modules other than the A/D
converter WDT and PWM is halted. As long as a minimum required voltage is applied, the
contents of CPU registers, the on-chip RAM and some registers of the on-chip peripheral modules
are retained. I/0 ports keep the same states as before the transition.

552 Clearing Subsleep Mode

Subsleep mode is cleared by an interrupt (timer A, timer C, timer F, timer G, asynchronous
counter, SCI3-2, SCI3-1, IRQ, to IRQ,, WKP, to WKP,) or by a low input at the RES pin.

e (Clearing by interrupt
When an interrupt is requested, subsleep mode is cleared and interrupt exception handling
starts. Subsleep mode is not cleared if the I bit of CCR is set to 1 or the particular interrupt is
disabled in the interrupt enable register.

Interrupt signal and system clock are mutually asynchronous. Synchronization error time in a
maximum is 2/, (s).

e C(Clearing by RES input
Clearing by RES pin is the same as for standby mode; see Clearing by RES pin in section
5.3.2, Clearing Standby Mode.
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5.6 Subactive Mode

5.6.1 Transition to Subactive Mode

Subactive mode is entered from watch mode if a timer A, timer F, timer G, IRQ,, or WKP, to
WKEP, interrupt is requested while the LSON bit in SYSCRI1 is set to 1. From subsleep mode,
subactive mode is entered if a timer A, timer C, timer F, timer G, asynchronous counter, SCI3-1,
SCI3-2, IRQ, to IRQ,, or WKP, to WKP, interrupt is requested. A transition to subactive mode
does not take place if the I bit of CCR is set to 1 or the particular interrupt is disabled in the
interrupt enable register.

56.2 Clearing Subactive M ode
Subactive mode is cleared by a SLEEP instruction or by a low input at the RES pin.

e C(Clearing by SLEEP instruction

If a SLEEP instruction is executed while the SSBY bit in SYSCRI1 is set to 1 and TMA3 bit in
TMA is set to 1, subactive mode is cleared and watch mode is entered. If a SLEEP instruction
is executed while SSBY =0 and LSON =1 in SYSCR1 and TMA3 = 1 in TMA, subsleep
mode is entered. Direct transfer to active mode is also possible; see section 5.8, Direct
Transfer, below.

e C(learing by RES pin
Clearing by RES pin is the same as for standby mode; see Clearing by RES pin in section
5.3.2, Clearing Standby Mode.

5.6.3 Operating Frequency in Subactive Mode

The operating frequency in subactive mode is set in bits SA1 and SAO in SYSCR2. The choices
are ¢,/2, ¢,./4, and ¢,,/8.
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5.7 Active (Medium-Speed) Mode

571 Transition to Active (M edium-Speed) Mode

If the RES pin is driven low, active (medium-speed) mode is entered. If the LSON bit in SYSCR2
is set to 1 while the LSON bit in SYSCRI is cleared to 0, a transition to active (medium-speed)
mode results from IRQ,, IRQ,, or WKP, to WKP, interrupts in standby mode, timer A, timer F,
timer G, IRQ,, or WKP, to WKP, interrupts in watch mode, or any interrupt in sleep mode. A
transition to active (medium-speed) mode does not take place if the I bit of CCR is set to 1 or the
particular interrupt is disabled in the interrupt enable register.

Furthermore, it sometimes acts with half state early timing at the time of transition to active
(medium-speed) mode.

572 Clearing Active (M edium-Speed) Mode
Active (medium-speed) mode is cleared by a SLEEP instruction.

e (learing by SLEEP instruction

A transition to standby mode takes place if the SLEEP instruction is executed while the SSBY
bit in SYSCRI1 is set to 1, the LSON bit in SYSCR1 is cleared to 0, and the TMA3 bit in TMA
is cleared to 0. The system goes to watch mode if the SSBY bit in SYSCRI1 is set to 1 and bit
TMA3 in TMA is set to 1 when a SLEEP instruction is executed.

When both SSBY and LSON are cleared to 0 in SYSCR1 and a SLEEP instruction is executed,
sleep mode is entered. Direct transfer to active (high-speed) mode or to subactive mode is also
possible. See section 5.8, Direct Transfer, below for details.

e C(learing by RES pin
When the RES pin is driven low, a transition is made to the reset state and active (medium-
speed) mode is cleared.

573 Operating Frequency in Active (M edium-Speed) Mode

Operation in active (medium-speed) mode is clocked at the frequency designated by the MA1 and
MADO bits in SYSCRI.
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5.8 Direct Transfer

5.8.1 Overview of Direct Transfer

The CPU can execute programs in three modes: active (high-speed) mode, active (medium-speed)
mode, and subactive mode. A direct transfer is a transition among these three modes without the
stopping of program execution. A direct transfer can be made by executing a SLEEP instruction
while the DTON bit in SYSCR2 is set to 1. After the mode transition, direct transfer interrupt
exception handling starts.

If the direct transfer interrupt is disabled in interrupt enable register 2, a transition is made instead

to sleep mode or watch mode. Note that if a direct transition is attempted while the I bit in CCR is
set to 1, sleep mode or watch mode will be entered, and it will be impossible to clear the resulting

mode by means of an interrupt.

Direct transfer from active (high-speed) mode to active (medium-speed) mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and
LSON bits in SYSCR1 are cleared to 0, the MSON bit in SYSCR2 is set to 1, and the DTON
bit in SYSCR2 is set to 1, a transition is made to active (medium-speed) mode via sleep mode.

Direct transfer from active (medium-speed) mode to active (high-speed) mode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON bits in SYSCR1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, and the
DTON bit in SYSCR2 is set to 1, a transition is made to active (high-speed) mode via sleep
mode.

Direct transfer from active (high-speed) mode to subactive mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and
LSON bits in SYSCRI are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 bit in
TMA is set to 1, a transition is made to subactive mode via watch mode.

Direct transfer from subactive mode to active (high-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCRI is
set to 1, the LSON bit in SYSCRI1 is cleared to 0, the MSON bit in SYSCR?2 is cleared to O,
the DTON bit in SYSCR2 is set to 1, and the TMA3 bit in TMA is set to 1, a transition is made
directly to active (high-speed) mode via watch mode after the waiting time set in SYSCRI1 bits
STS2 to STSO has elapsed.
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e Direct transfer from active (medium-speed) mode to subactive mode

When a SLEEP instruction is executed in active (medium-speed) while the SSBY and LSON
bits in SYSCR1 are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 bit in TMA
is set to 1, a transition is made to subactive mode via watch mode.

e Direct transfer from subactive mode to active (medium-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCRI is
set to 1, the LSON bit in SYSCRI1 is cleared to 0, the MSON bit in SYSCR2 is set to 1, the
DTON bit in SYSCR2 is set to 1, and the TMA3 bit in TMA is set to 1, a transition is made
directly to active (medium-speed) mode via watch mode after the waiting time set in SYSCRI1
bits STS2 to STSO has elapsed.

5.8.2 Direct Transition Times

(1) Timefor Direct Transition from Active (High-Speed) M ode
to Active (M edium-Speed) Mode

A direct transition from active (high-speed) mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in active (high-speed) mode while bits SSBY and LSON are both
cleared to 0 in SYSCRI1, and bits MSON and DTON are both set to 1 in SYSCR2. The time from
execution of the SLEEP instruction to the end of interrupt exception handling (the direct transition
time) is given by equation (1) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } X (tcyc before transition) + (number of interrupt
exception handling execution states) X (tcyc after transition)

Example: Direct transition time = (2 + 1) X 2tosc + 14 X 16tosc = 230tosc (when ¢/8 is selected
as the CPU operating clock)

Notation:
tosc: OSC clock cycle time
tcyc:  System clock (¢) cycle time

(2) Timefor Direct Transition from Active (M edium-Speed) Mode
to Active (High-Speed) Mode

A direct transition from active (medium-speed) mode to active (high-speed) mode is performed by
executing a SLEEP instruction in active (medium-speed) mode while bits SSBY and LSON are
both cleared to 0 in SYSCRI1, and bit MSON is cleared to 0 and bit DTON is set to 1 in SYSCR2.
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The time from execution of the SLEEP instruction to the end of interrupt exception handling (the
direct transition time) is given by equation (2) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } X (tcyc before transition) + (number of interrupt
exception handling execution states) X (tcyc after transition)

Example: Direct transition time = (2 + 1) X 16tosc + 14 X 2tosc = 76tosc (when ¢/8 is selected as
the CPU operating clock)

Notation:
tosc: OSC clock cycle time
tcyc:  System clock (¢) cycle time

(3) Timefor Direct Transition from Subactive Modeto Active (High-Speed) Mode

A direct transition from subactive mode to active (high-speed) mode is performed by executing a
SLEEP instruction in subactive mode while bit SSBY is set to 1 and bit LSON is cleared to 0 in
SYSCRI, bit MSON is cleared to 0 and bit DTON is set to 1 in SYSCR2, and bit TMA3 is set to 1
in TMA. The time from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (3) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } X (tsubcyc before transition) + { (wait time set in
STS2 to STSO) + (number of interrupt exception handling execution
states) } X (tcyc after transition) L. 3)

Example: Direct transition time = (2 + 1) X 8tw + (8192 + 14) X 2tosc = 24tw + 16412tosc (when
Ow/8 is selected as the CPU operating clock, and wait time = 8192 states)

Notation:

tosc: OSC clock cycle time

tw: Watch clock cycle time
teyc: System clock (¢) cycle time

tsubcyc: Subclock (0, cycle time
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(4) Timefor Direct Transition from Subactive Modeto Active (Medium-Speed) Mode

A direct transition from subactive mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in subactive mode while bit SSBY is set to 1 and bit LSON is
cleared to 0 in SYSCRI1, bits MSON and DTON are both set to 1 in SYSCR2, and bit TMA3 is set
to 1 in TMA. The time from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (4) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } X (tsubcyc before transition) + { (wait time set in
STS2 to STSO) + (number of interrupt exception handling execution
states) } X (tcyc after transition) L “4)

Example: Direct transition time = (2 + 1) X 8tw + (8192 + 14) x 16tosc = 24tw + 131296tosc
(when ¢w/8 or 08 is selected as the CPU operating clock, and wait time = 8192 states)

Notation:

tosc: OSC clock cycle time

tw: Watch clock cycle time
teyc: System clock (¢) cycle time

tsubcyc:  Subclock (¢g,,) cycle time

5.8.3 Notes on External Input Signal Changes befor e/after Direct Transition

1. Direct transition from active (high-speed) mode to subactive mode

Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.

2. Direct transition from active (medium-speed) mode to subactive mode

Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.

3. Direct transition from subactive mode to active (high-speed) mode

Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.

4. Direct transition from subactive mode to active (medium-speed) mode

Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.
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5.9 Module Standby Mode

59.1 Setting M odule Standby Mode

Module standby mode is set for individual peripheral functions. All the on-chip peripheral
modules can be placed in module standby mode. When a module enters module standby mode,
the system clock supply to the module is stopped and operation of the module halts. This state is
identical to standby mode.

Module standby mode is set for a particular module by setting the corresponding bit to 0 in clock
stop register 1 (CKSTPR1) or clock stop register 2 (CKSTPR2). (See table 5.5.)

59.2 Clearing M odule Standby M ode

Module standby mode is cleared for a particular module by setting the corresponding bit to 1 in
clock stop register 1 (CKSTPR1) or clock stop register 2 (CKSTPR2). (See table 5.5.)

Following a reset, clock stop register 1 (CKSTPR1) and clock stop register 2 (CKSTPR?2) are both
initialized to H'FF.
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Table55 Setting and Clearing Module Standby Mode by Clock Stop Register

Register Name Bit Name

Operation

CKSTPR1 TACKSTP 1 Timer A module standby mode is cleared

0 Timer A is set to module standby mode
TCCKSTP 1 Timer C module standby mode is cleared

0 Timer C is set to module standby mode
TFCKSTP 1 Timer F module standby mode is cleared

0 Timer F is set to module standby mode
TGCKSTP 1 Timer G module standby mode is cleared

0 Timer G is set to module standby mode
ADCKSTP 1 A/D converter module standby mode is cleared

0 A/D converter is set to module standby mode
S32CKSTP 1 SCI3-2 module standby mode is cleared

0 SCI3-2 is set to module standby mode
S31CKSTP 1 SCI3-1 module standby mode is cleared

0 SCI3-1 is set to module standby mode

CKSTPR2 LDCKSTP 1 LCD module standby mode is cleared

0 LCD is set to module standby mode
PWCKSTP 1 PWM module standby mode is cleared

0 PWM is set to module standby mode
WDCKSTP 1 Watchdog timer module standby mode is cleared

0 Watchdog timer is set to module standby mode
AECKSTP 1 Asynchronous event counter module standby mode

is cleared

Asynchronous event counter is set to module
standby mode

Note: For details of module operation, see the sections on the individual modules.
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5.9.3 Usage Note

If, due to the timing with which a peripheral module issues interrupt requests, the module in
question is set to module standby mode before an interrupt is processed, the module will stop with
the interrupt request still pending. In this situation, interrupt processing will be repeated
indefinitely unless interrupts are prohibited.

It is therefore necessary to ensure that no interrupts are generated when a module is set to module
standby mode. The surest way to do this is to specify the module standby mode setting only when
interrupts are prohibited (interrupts prohibited using the interrupt enable register or interrupts
masked using bit CCR-I).
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Section 6 ROM

6.1 Overview

The H8/38532 has 16 Kbytes of on-chip mask ROM, the H8/38533 has 24 Kbytes, the H8/38534
has 32 Kbytes, the H8/38535 has 40 Kbytes, the H8/38536 has 48 Kbytes, and the H8/38537 has
60 Kbytes. The ROM is connected to the CPU by a 16-bit data bus, allowing high-speed two-state
access for both byte data and word data.

The flash memory version of the H8/38537 is equipped with 60 Kbytes of flash memory. The
flash memory version of the H8/38534 is equipped with 32 Kbytes of flash memory.

6.2 Flash Memory Overview

6.2.1 Features

The features of the 60 Kbytes or 32 Kbytes of flash memory built into the flash memory versions
are summarized below.

e Programming/erase methods
— The 60-Kbyte flash memory is programmed 128 bytes at a time. Erase is performed in
single-block units. The flash memory is configured as follows: 1 Kbyte x 4 blocks,
28 Kbytes x 1 block, 16 Kbytes x 1 block, 8 Kbytes x 1 block, 4 Kbytes x 1 block.
The 32-Kbyte flash memory is configured as follows: 1 Kbyte x 4 blocks, 28 Kbytes x 1
block. To erase the entire flash memory, each block must be erased in turn.
e Reprogramming capability
— The flash memory can be reprogrammed up to 1,000 times.
e On-board programming
— On-board programming/erasing can be done in boot mode, in which the boot program built
into the chip is started to erase or program of the entire flash memory. In normal user
program mode, individual blocks can be erased or programmed.
e Programmer mode
— Flash memory can be programmed/erased in programmer mode using a PROM
programmer, as well as in on-board programming mode.
e Automatic bit rate adjustment

— For data transfer in boot mode, this LSI's bit rate can be automatically adjusted to match
the transfer bit rate of the host.
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e Programming/erasing protection

— Sets software protection against flash memory programming/erasing.

o Power-down mode

— The power supply circuit is partly halted in the subactive mode and can be read in the

power-down mode.

6.22 Block Diagram

Internal address bus

Internal data bus (16 bits)

§

—
Bus interface/controller

~—|

Operating
mode

—70 0

> FLMCRT
E >| FLMCR2
3 > EBR
= >| FLPWCR
> FENR |
Legend:

Flash memory

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2

EBR: Erase block register
FLPWCR: Flash memory power control register
FENR: Flash memory enable register

<~— TES pin
P32 pin
P86 pin

Figure6.1 Block Diagram of Flash Memory
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6.2.3 Block Configuration

Figure 6.2 shows the block configuration of flash memory. The thick lines indicate erasing units,
the narrow lines indicate programming units, and the values are addresses. The flash memory is
divided into 1 Kbyte x 4 blocks, 28 Kbytes x 1 block, 16 Kbytes x 1 block, 8 Kbytes x 1 block,
and 4 Kbytes x 1 block. Erasing is performed in these units. Programming is performed in
128-byte units starting from an address with lower eight bits H'00 or H'80.

Rev. 1.00 May 30, 2008 Page 123 of 484
RENESAS REJ09B0436-0100



Section 6 ROM

H'0000 | HO0001 . HO0002 . =—Programming unit: 128 bytes — | H007F
H'0080 : HO0081 : HO0082 © HOOFF
Erase unit ] | j :
1 Kbyte 1 1 1 1
H0380 | H0381 @ HO0382 ! | HO3FF
H0400 : HO0401 . HO0402 : ——Programming unit: 128 bytes = . H047F
HO0480 : HO0481 @ HO0482 ! ' HO4FF
Erase unit H H H :
1 Kbyte l l I ;
HO0780 | HO781 ! HO782 ! ' HO7FF
H0800 : HO0801 . HO0802 : —<—Programming unit: 128 bytes = . H087F
HO0880 : HO0881 @ HO0882 ! ' H08OF
Erase unit : : : H
1 Kbyte 5 5 5 |
HOB8O | HOB81 ! HOB82 ! ' HOBFF
H0C00 : HOCO1 : HO0C02 : —=—Programming unit: 128 bytes — : HOC7F
H0C80 : HOC81 @ HOC82 ! ' HOCFF
Erase unit : : . .
1 Kbyte ! ! ! !
HOF80 | HOF81 | HOF82 | | HOFFF
H1000 : H1001 : H1002 : =—Programming unit: 128 bytes — : H107F
H1080 | H1081 ! H1082 ! ! H10FF
Erase unit ' ' ' '
28 Kbytes : ! : :
H7F80 | H7F81 | H7F82 | ' H7FFF
H'8000 @ HB001 ' HB002 ! ~—Programming unit: 128 bytes — | H8O7F
H'8080 | H8081 | HB082 ! ' HSCFF
Erase unit ' ' ' '
16 Kbytes 1 1 1 1
HBF80 | HBF81 | HBF82 ! ! HBFFF
H'C000 : H'C001 : H'C002 : ~— Programming unit: 128 bytes — : H'CO7F
HC080 | HC081 | HC082 ! ! HCCFF
Erase unit ! ! ! !
8 Kbytes : : : i
HDF80 : HDF81 : HDF82 ! ! HDFFF
HE000 | HEOO1 | HE002 ! ~— Programming unit: 128 bytes = | HEO7F
HE080 | HE081 | HE082 | ! HECFF
Erase unit ! ! ! !
4 Kbytes . . . 1
HEF80 : HEF81 : HEF82 ! i HEFFF

Figure6.2 Flash Memory Block Configuration
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6.24  Register Configuration

Table 6.1 lists the register configuration to control the flash memory when the built in flash
memory is effective.

Table6.1 Register Configuration

Register Name Abbreviation R/W Initial Value  Address
Flash memory control register 1 FLMCR1 R/W H'00 H'F020
Flash memory control register 2 FLMCR2 R H'00 H'F021
Flash memory power control register FLPWCR R/W H'00 H'F022
Erase block register EBR R/W H'00 H'F023
Flash memory enable register FENR R/W H'00 H'FO2B

Note: FLMCR1, FLMCR2, FLPWCR, EBR, and FENR are 8 hit registers. Only byte access is
enabled which are two-state access. These registers are dedicated to the product in which
flash memory is included. The product in which mask ROM is included does not have these
registers. When the corresponding address is read in these products, the value is
undefined. A write is disabled.
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6.3 Descriptions of Registersof the Flash Memory

6.3.1 Flash Memory Control Register 1 (FLMCR1)

Bit 7 6 5 4 3 > 1 0
\ — | SWE | ESU  PSU | EV | PV | E |

Initial value 0 0 0 0 0 0 0 0

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

FLMCRI is a register that makes the flash memory change to program mode, program-verify
mode, erase mode, or erase-verify mode. For details on register setting, refer to section 6.5, Flash
Memory Programming/Erasing. By setting this register, the flash memory enters program mode,
erase mode, program-verify mode, or erase-verify mode. Read the data in the state that bits 6 to 0
of this register are cleared when using flash memory as normal built-in ROM.

Bit 7—Reserved
This bit is always read as 0 and cannot be modified.
Bit 6—Software Write Enable (SWE)

This bit is to set enabling/disabling of programming/enabling of flash memory (set when bits 5 to
0 and the EBR register are to be set).

Bit 6

SWE Description

0 Programming/erasing is disabled. Other FLMCR1 register bits and all EBR bits
cannot be set. (initial value)

1 Flash memory programming/erasing is enabled.
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Bit 5—Erase Setup (ESU)

This bit is to prepare for changing to erase mode. Set this bit to 1 before setting the E bit to 1 in
FLMCRI (do not set SWE, PSU, EV, PV, E, and P bits at the same time).

Bit 5

ESU Description

0 The erase setup state is cancelled (initial value)
1 The flash memory changes to the erase setup state. Set this bit to 1 before setting

the E bit to 1 in FLMCR1.

Bit 4—Program Setup (PSU)

This bit is to prepare for changing to program mode. Set this bit to 1 before setting the P bit to 1 in
FLMCRI (do not set SWE, ESU, EV, PV, E, and P bits at the same time).

Bit 4

PSU Description

0 The program setup state is cancelled (initial value)
1 The flash memory changes to the program setup state. Set this bit to 1 before

setting the P bitto 1 in FLMCR1.

Bit 3—Erase-Verify (EV)

This bit is to set changing to or cancelling erase-verify mode (do not set SWE, ESU, PSU, PV, E,
and P bits at the same time).

Bit 3

EV Description

0 Erase-verify mode is cancelled (initial value)
1 The flash memory changes to erase-verify mode
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Bit 2—Program-Verify (PV)

This bit is to set changing to or cancelling program-verify mode (do not set SWE, ESU, PSU, EV,
E, and P bits at the same time).

Bit 2

PV Description

0 Program-verify mode is cancelled (initial value)
1 The flash memory changes to program-verify mode

Bit 1—Erase (E)

This bit is to set changing to or cancelling erase mode (do not set SWE, ESU, PSU, EV, PV, and P

bits at the same time).

Bit 1

E Description

0 Erase mode is cancelled (initial value)
1 When this bit is set to 1, while the SWE =1 and ESU = 1, the flash memory

changes to erase mode.

Bit 0—Program (P)

This bit is to set changing to or cancelling program mode (do not set SWE, ESU, PSU, EV, PV,
and E bits at the same time).

Bit 0

P Description

0 Program mode is cancelled (initial value)
1 When this bit is set to 1, while the SWE = 1 and PSU = 1, the flash memory

changes to program mode.
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6.3.2 Flash Memory Control Register 2 (FLMCR2)

Bit 7 6 5 4 3 2 1 0
rer| — | = = [ -] -] -]-
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W — — — — — _ _

FLMCR? is a register that displays the state of flash memory programming/erasing. FLMCR?2 is a
read-only register, and should not be written to.

Bit 7—Flash Memory Error (FLER)

This bit is set when the flash memory detects an error and goes to the error-protection state during
programming or erasing to the flash memory. See section 6.6.3, Error Protection, for details.

Bit 7

FLER Description

0 The flash memory operates normally. (initial value)
1 Indicates that an error has occurred during an operation on flash memory

(programming or erasing).
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Bits 6 to 0—Reserved

These bits are always read as 0 and cannot be modified.

6.3.3 EraseBlock Register (EBR)

Bit 7 6 5 4 3 2 1 0

‘ EB7 ‘ EB6 ‘ EB5 ‘ EB4 ‘ EB3 ‘ EB2 ‘ EB1 ‘ EBO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

EBR specifies the flash memory erase area block. EBR is initialized to H'00 when the SWE bit in
FLMCRI1 is 0. Do not set more than one bit at a time, as this will cause all the bits in EBR to be
automatically cleared to 0. When each bit is set to 1 in EBR, the corresponding block can be
erased. Other blocks change to the erase-protection state. See table 6.2 for the method of dividing
blocks of the flash memory. When the whole bits are to be erased, erase them in turn in unit of a

block.

Table6.2 Division of Blocksto Be Erased

EBR Bit Name Block (Size) Address

0 EBO EBO (1 Kbyte) H'0000 to H'03FF
1 EB1 EB1 (1 Kbyte) H'0400 to H'07FF
2 EB2 EB2 (1 Kbyte) H'0800 to H'OBFF
3 EB3 EB3 (1 Kbyte) H'0CO00 to H'OFFF
4 EB4 EB4 (28 Kbytes) H'1000 to H'7FFF
5 EB5 EBS5 (16 Kbytes) H'8000 to H'BFFF
6 EB6 EB6 (8 Kbytes) H'C000 to H'DFFF
7 EB7 EB7 (4 Kbytes) H'E000 to H'EFFF
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6.3.4  Flash Memory Power Control Register (FLPWCR)

Bit 7 6 5 4 3 2 1 0

powno, — | — | — | — | — | — | -
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W — — — — — — _

FLPWCR enables or disables a transition to the flash memory power-down mode when the LSI
switches to subactive mode. The power supply circuit can be read in the subactive mode, although
it is partly halted in the power-down mode.

Bit 7—Power-down Disable (PDWND)

This bit selects the power-down mode of the flash memory when a transition to the subactive
mode is made.

Bit 7

PDWND Description

0 When this bit is 0 and a transition is made to the subactive mode, the flash memory
enters the power-down mode. (initial value)

1 When this bit is 1, the flash memory remains in the normal mode even after a
transition is made to the subactive mode.

Bits 6 to 0—Reserved

These bits are always read as 0 and cannot be modified.
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6.35 Flash Memory Enable Register (FENR)

Bit 7 6 5 4 3 2 1 0

L e e e e e e
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W — — — — — — _

FENR controls CPU access to the flash memory control registers, FLMCR1, FLMCR2, EBR, and

FLPWCR.
Bit 7—Flash Memory Control Register Enable (FL SHE)

This bit controls access to the flash memory control registers.

Bit 7

FLSHE Description

0 Flash memory control registers cannot be accessed (initial value)
1 Flash memory control registers can be accessed

Bits 6 to 0—Reserved

These bits are always read as 0 and cannot be modified.
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6.4 On-Board Programming Modes

There are two modes for programming/erasing of the flash memory; boot mode, which enables on-
board programming/erasing, and programmer mode, in which programming/erasing is performed
with a PROM programmer. On-board programming/erasing can also be performed in user
program mode. At reset-start in reset mode, this LSI changes to a mode depending on the TEST
pin settings, P32 pin settings, and input level of each port, as shown in table 6.3. The input level of
each pin must be defined four states before the reset ends.

When changing to boot mode, the boot program built into this LSI is initiated. The boot program
transfers the programming control program from the externally-connected host to on-chip RAM
via SCI32. After erasing the entire flash memory, the programming control program is executed.
This can be used for programming initial values in the on-board state or for a forcible return when
programming/erasing can no longer be done in user program mode. In user program mode,
individual blocks can be erased and programmed by branching to the user program/erase control
program prepared by the user.

Table6.3  Setting Programming Modes

TEST P32 P86 PBO PB1 PB2 LSI State after Reset End
0 1 X X X X User Mode

0 0 1 X X X Boot Mode

1 X X 0 0 0 Programmer Mode

X: Don’t care

6.41 Boot Mode

Table 6.4 shows the boot mode operations between reset end and branching to the programming
control program. The device uses SCI32 in the boot mode.

1. When boot mode is used, the flash memory programming control program must be prepared in
the host beforehand. Prepare a programming control program in accordance with the
description in section 6.5, Flash Memory Programming/Erasing.

2. SCI3 should be set to asynchronous mode, and the transfer format as follows: 8-bit data, 1 stop
bit, and no parity. The inversion function of TXD and RXD pins by the SPCR register is set to

“Not to be inverted,” so do not put the circuit for inverting a value between the host and this
LSL
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3. When the boot program is initiated, the chip measures the low-level period of asynchronous
SCI communication data (H'00) transmitted continuously from the host. The chip then
calculates the bit rate of transmission from the host, and adjusts the SCI3 bit rate to match that
of the host. The reset should end with the RXD pin high. The RXD and TXD pins should be
pulled up on the board if necessary. After the reset is complete, it takes approximately 100
states before the chip is ready to measure the low-level period.

4. After matching the bit rates, the chip transmits one H'00 byte to the host to indicate the
completion of bit rate adjustment. The host should confirm that this adjustment end indication
(H'00) has been received normally, and transmit one H'55 byte to the chip. If reception could
not be performed normally, initiate boot mode again by a reset. Depending on the host's
transfer bit rate and system clock frequency of this LSI, there will be a discrepancy between
the bit rates of the host and the chip. To operate the SCI properly, set the host's transfer bit rate
and system clock frequency of this LSI within the ranges listed in table 6.5.

5. In boot mode, a part of the on-chip RAM area is used by the boot program. The area H'F780 to
H'FEEF is the area to which the programming control program is transferred from the host.
The boot program area cannot be used until the execution state in boot mode switches to the
programming control program.

6. Before branching to the programming control program, the chip terminates transfer operations
by SCI3 (by clearing the RE and TE bits in SCR to 0), however the adjusted bit rate value
remains set in BRR. Therefore, the programming control program can still use it for transfer of
write data or verify data with the host. The TXD pin is high (PCR42 =1, P42 = 1). The
contents of the CPU general registers are undefined immediately after branching to the
programming control program. These registers must be initialized at the beginning of the
programming control program, as the stack pointer (SP), in particular, is used implicitly in
subroutine calls, etc.

7. Boot mode can be cleared by a reset. End the reset after driving the reset pin low, waiting at
least 20 states, and then setting the TEST pin and P32 pin. Boot mode is also cleared when a
WDT overflow occurs.

8. Do not change the TEST pin and P32 pin input levels in boot mode.
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Table6.4 Boot Mode Operation
Host Operation LSI Operation
Item Processing Contents Processing Contents
Branches to boot program at reset-start.
Bit rate Continuously transmits data H'00 at * Measures low-level period of receive data H'00.
adjustment specified bit rate.  Calculates bit rate and sets it in BRR of SCI3.

* Transmits data H'00 to the host to indicate that the
adjustment has ended.

Flash memory erase

Transmits data H'55 when data H'00
is received and no error occurs.

|

Checks flash memory data, erases all flash memory
blocks in case of written data existing, and transmits
data H'AA to host. (If erase could not be done,
transmits data H'FF to host and aborts operation.)

Transfer of
programming control
program

y
Transmits number of bytes (N) of
programming control program to be
transferred as 2-byte data (low-order
byte following high-order byte)

Echobacks the 2-byte received data to host.

'

Transfer of
programming control
program (repeated for
N times)

'

Transmits 1-byte of programming
control program

Echobacks received data to host and also
transfers it to RAM.

v

Execution of
Programming
control program

Transmits 1-byte data H'AA to host.

Branches to programming control program
transferred to on-chip RAM and starts execution.

Table 6.5

IsPossible

Product Group

Host Bit Rate

Oscillating Frequencies (f.) for which Automatic Adjustment of LSl Bit Rate

Oscillating Frequencies (f...) Range of LSI

H8/38537 19,200 bps 16 MHz
H8/38534 , 9,600 bps 810 16 MHz
Flash memory version
4,800 bps 6to 16 MHz
2,400 bps 210 16 MHz
1,200 bps 20 16 MHz
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6.4.2 Programming/Erasingin User Program Mode

The term user mode refers to the status when a user program is being executed. On-board
programming/erasing of an individual flash memory block can also be performed in user program
mode by branching to a user program/erase control program. The user must set branching
conditions and provide on-board means of supplying programming data. The flash memory must
contain the user program/erase control program or a program that provides the user program/erase
control program from external memory. As the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM, as in boot
mode. Figure 6.3 shows a sample procedure for programming/erasing in user program mode.
Prepare a user program/erase control program in accordance with the description in section 6.5,
Flash Memory Programming/Erasing.

Reset-start

No

Program/erase?

Yes
Transfer user program/erase control Branch to flash memory application
program to RAM program

Branch to user program/erase control
program in RAM

Execute user program/erase control
program (flash memory rewrite)

Branch to flash memory application
program

Figure 6.3 Programming/Erasing Flowchart Examplein User Program Mode

Rev. 1.00 May 30, 2008 Page 136 of 484
REJ09B0436-0100 RENESAS



Section6 ROM

6.5 Flash Memory Programming/Erasing

A software method using the CPU is employed to program and erase flash memory in the on-
board programming modes. Depending on the FLMCRI1 setting, the flash memory operates in one
of the following four modes: Program mode, program-verify mode, erase mode, and erase-verify
mode. The programming control program in boot mode and the user program/erase control
program in user program mode use these operating modes in combination to perform
programming/erasing. Flash memory programming and erasing should be performed in
accordance with the descriptions in section 6.5.1, Program/Program-Verify and section 6.5.2,
Erase/Erase-Verify, respectively.

6.5.1 Program/Program-Verify

When writing data or programs to the flash memory, the program/program-verify flowchart shown
in figure 6.4 should be followed. Performing programming operations according to this flowchart
will enable data or programs to be written to the flash memory without subjecting the chip to
voltage stress or sacrificing program data reliability.

1. Programming must be done to an empty address. Do not reprogram an address to which
programming has already been performed.

2. Programming should be carried out 128 bytes at a time. A 128-byte data transfer must be
performed even if writing fewer than 128 bytes. In this case, H'FF data must be written to the
extra addresses.

3. Prepare the following data storage areas in RAM: A 128-byte programming data area, a 128-
byte reprogramming data area, and a 128-byte additional-programming data area. Perform
reprogramming data computation according to table 6.6, and additional programming data
computation according to table 6.7.

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

5. The time during which the P bit is set to 1 is the programming time. Figure 6.8 shows the
allowable programming times.

6. The watchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
An overflow cycle of approximately 6.6 ms is allowed.

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

8. The maximum number of repetitions of the program/program-verify sequence of the same bit
is 1,000.
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Write pulse application subroutine

Apply Write Pulse

[ WDT enable

[ Set PSU bit in FLMCR1

[ Wait 50 s

[ Set P bitin FLMCRT

| Wait (Wait time = programming time) |

[ Clear P bitin FLMCR

| Wait 5 us

| Clear PSU bit in FLMCR1

[ Wait 5 s

[ Disable WDT

End Sub

[ Set SWE bit in FLMCR1 |
I
[ Wait 1 us |
I
Store 128-byte program data in program
data area and reprogram data area

I
| n=t |

Write 128-byte data in RAM reprogram
data area consecutively to flash memory
I
| ‘ Apply Write pulse ‘ |
I
[ Set PV bit in FLMCR1 |
I
| Wait 4 us |
I
Set block start address as
verify address

I

I m=0 |

Increment address

|

| H'FF dummy write to verify address |
I

| Wait 2 us |
I

| Read verify data |

Additional-programming data
computation

| Reprogram data computation |

128-byte
data verification
completed?

[ Clear PV bit in FLMCR1 |
[
| Wait 2 us |

Yes

Successively write 128-byte data from
additional-programming data area
in RAM to flash memory

| Sub-Routine-Call
| ‘ Apply Write Pulse ‘ |

[ Clear SWE bit in FLMCR1 |

Clear SWE bit in FLMCR1 |

[ Wait 100 us |

Wait 100 ps |

End of programming

Programming failure

Figure6.4 Program/Program-Verify Flowchart
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Table6.6 Reprogram Data Computation Table
Program Data Verify Data Reprogram Data Comments
0 0 1 Programming completed
0 1 0 Reprogram bit
1 0 1 —
1 1 1 Remains in erased state
Table6.7 Additional-Program Data Computation Table
Additional-Program
Reprogram Data Verify Data Data Comments
0 0 0 Additional-program bit
0 1 1 No additional programming
1 0 1 No additional programming
1 1 1 No additional programming
Table6.8 Programming Time
n Programming In Additional
(Number of Writes) Time Programming Comments
1t06 30 10
7 to 1,000 200 —
Note: Time shown in ps.
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6.5.2 Erase/Erase-Verify

When erasing flash memory, the erase/erase-verify flowchart shown in figure 6.5 should be
followed.

1. Prewriting (setting erase block data to all Os) is not necessary.

Erasing is performed in block units. Make only a single-bit specification in the erase block
register (EBR). To erase multiple blocks, each block must be erased in turn.

The time during which the E bit is set to 1 is the flash memory erase time.

4. The watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. An

overflow cycle of approximately 19.8 ms is allowed.

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

If the read data is not erased successfully, set erase mode again, and repeat the erase/erase-
verify sequence as before. The maximum number of repetitions of the erase/erase-verify
sequence is 100.

6.5.3 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, are disabled while flash memory is being programmed or erased, or while the boot
program is executing, for the following three reasons:

1.

Interrupt during programming/erasing may cause a violation of the programming or erasing
algorithm, with the result that normal operation cannot be assured.

If interrupt exception handling starts before the vector address is written or during
programming/erasing, a correct vector cannot be fetched and the CPU malfunctions.

If an interrupt occurs during boot program execution, normal boot mode sequence cannot be
carried out.
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[ SWE bit « 1 |
T

| Wait 1 us |
|
|

| n« 1 |

| Set EBR ]

| Enable WDT |
— 1

| ESU bit « 1 |
I

| Wait 100 s |

| E bit « 1 |
T

| Wait 10 ms |
T

[ E bit < 0 |
T

| Wait 10 us |

[ ESU bit < 0 |
T

[ Wait 10 s |
I

| Disable WDT |
|

| EV bit « 1 |
T

| Wait 20 us |

| Set block start address as verify address |

| H'FF dummy write to verify address |
|

| Wait 2 us |
|

| Read verify data |

No
Verify data = all 1s ?

| Increment address I

Yes
No
Last address of block ?
Yes
[ EV bit 0 | [ EV bit < 0 |
|

| Wait 4 us | | Wait 4us |

No

All erase block erased ?

No
| SWE bit « 0 | | SWE bit « 0 |
I I
| Wait 100 us | | Wait 100 s |

End of erasing

Figure6.5 Erase/Erase-Verify Flowchart

Rev. 1.00 May 30, 2008 Page 141 of 484
RENESAS REJ09B0436-0100




Section 6 ROM

6.6 Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

6.6.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory is forcibly
disabled or aborted because of a transition to reset, subactive mode, subsleep mode, watch mode,
or standby mode. Flash memory control register 1 (FLMCR1), flash memory control register 2
(FLMCR?2), and erase block register (EBR) are initialized. In a reset via the RES pin, the reset
state is not entered unless the RES pin is held low until oscillation stabilizes after powering on. In
the case of a reset during operation, hold the RES pin low for the RES pulse width specified in the
AC Characteristics section.

6.6.2  SoftwareProtection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE bit in FLMCRI1. When software protection is in effect, setting the P or E bit
in FLMCRI1 does not cause a transition to program mode or erase mode. By setting the erase block
register (EBR), erase protection can be set for individual blocks. When EBR is set to H'00, erase
protection is set for all blocks.

6.6.3 Error Protection

In error protection, an error is detected when CPU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bit in FLMCR?2 is set to 1, and the error protection state is entered.

e  When the flash memory of the relevant address area is read during programming/erasing
(including vector read and instruction fetch)

e Immediately after exception handling excluding a reset during programming/erasing

e When a SLEEP instruction is executed during programming/erasing
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The FLMCR1, FLMCR?2, and EBR settings are retained, however program mode or erase mode is
aborted at the point at which the error occurred. Program mode or erase mode cannot be re-entered
by re-setting the P or E bit. However, PV and EV bit setting is enabled, and a transition can be
made to verify mode. Error protection can be cleared only by a power-on reset.

6.7 Programmer Mode

In programmer mode, a PROM programmer can be used to perform programming/erasing via a
socket adapter, just as a discrete flash memory. Use a PROM programmer that supports the MCU
device type with the on-chip Renesas Technology (former Hitachi Ltd.) 64-Kbyte flash memory
(F-ZTAT64V3). A 10-MHz input clock is required. For the conditions for transition to
programmer mode, see table 6.3.

6.7.1  Socket Adapter

The socket adapter converts the pin allocation of the flash memory device to that of the discrete
flash memory HN28F101. The address of the on-chip flash memory is H'0000 to H'EFFF. Figure
6.6 shows a socket-adapter-pin correspondence diagram.

6.7.2  Programmer Mode Commands
The following commands are supported in programmer mode.

e Memory Read Mode
e Auto-Program Mode
e Auto-Erase Mode
e Status Read Mode

Status polling is used for auto-programming, auto-erasing, and status read modes. In status read
mode, detailed internal information is output after the execution of auto-programming or auto-
erasing. Table 6.9 shows the sequence of each command. In auto-programming mode, 129 cycles
are required since 128 bytes are written at the same time. In memory read mode, the number of
cycles depends on the number of address write cycles (n).
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Table6.9 Command Sequencein Programmer Mode

Number 1st Cycle 2nd Cycle
Command Name of Cycles Mode Address Data Mode Address Data
Memory read 1+n Write X H'00 Read RA Dout
Auto-program 129 Write X H'40 Write WA Din
Auto-erase 2 Write X H'20 Write X H'20
Status read 2 Write X H'71 Write X H'71
n: the number of address write cycles
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jmmmmemmamaaan .
Flash Memory Device 1 Socket Adapter !
Pin No. E (Cor;\/zesion to E HN28F101 (32 Pins)
" 1 -Fin 1
TFFFI’Z;BSOO/E Pin Name i Arrangement) ! | Pin Name Pin No.
y ' :
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54 P71 : . A9 26
' — A6 2
H H
60 P77 1 : A15 3
12 P12 . ’ WE 31
H
45 P60 : 1 oo 13
46 P61 . : 1101 14
. 1]
47 P62 ! 1 1/02 15
48 P63 : - 1103 17
49 P64 : : 1/04 18
50 P65 — vos 19
51 P66 : s 1106 20
H
52 P67 : : 1107 21
68 P87 ' : AO 12
67 P86 : : At 11
66 P85 : v A2 10
V H
65 P84 : : A3 9
64 P83 : : A4 8
'
63 P82 : * A5 7
62 P81 : : A6 6
61 P80 T ! A7 5
53 P70 : : A8 27
71 P42 T : OE 24
H H
55 P72 * : A10 23
56 P73 : . A1 25
. L]
57 P74 L ; Al2 4
58 P75 : : A13 28
Ll '
59 P76 o * A4 29
72 P43 : : CE 22
26, 32 CVce, Vee T L Vee 32
H H
73 AVcc H B Vss 16
3 X1 v H
' '
8 TEST '
: ' Legend:
30 i : 1 FWE: Flash-write enable
14 P14 H + /07 to 1/00: Data input/output
' + A161to AO:  Address input
s AVes.V ' + CE: Chip enable
’ s Vs I : OE: Output enable
27 Vss T : WE: Write enable
74 PBO v '
75 PB1 H ' Note: The oscillzlation frgqugncy
76 B2 y H of the oscillator circuit
H ' should be 10 MHz.
7,6 0SC1,08C2 |-+ Oscillator circuit E
9 RES . Pov;/er—on_t H
H H
Other than the above (OPEN) : reseteireutt 1,
------------- 1

Figure6.6 Socket Adapter Pin Correspondence Diagram
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6.7.3 Memory Read Mode

1. After completion of auto-program/auto-erase/status read operations, a transition is made to the
command wait state. When reading memory contents, a transition to memory read mode must
first be made with a command write, after which the memory contents are read. Once memory
read mode has been entered, consecutive reads can be performed.

2. In memory read mode, command writes can be performed in the same way as in the command
wait state.

3. After powering on, memory read mode is entered.

4. Tables 6.10 to 6.12 show the AC characteristics.

Table6.10 AC Characteristicsin Transition to Memory Read Mode

Conditions: V. =33 V03V, V=0V, T, =25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle e 20 — Us Figure 6.7
CE hold time t., 0 — ns
CE setup time t.. 0 — ns
Data hold time ty, 50 — ns
Data setup time [ 50 — ns
Write pulse width toe 70 — ns
WE rise time t — 30 ns
WE fall time t, — 30 ns
Command write Memory read mode

tees teen toxt

3 W
| /T

A15-A0 X Address stable x

Note: Data is latched on the rising edge of WE.

Figure6.7 Timing Waveformsfor Memory Read after Memory Write
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Table6.11 AC Characteristicsin Transition from Memory Read M ode to Another Mode

Conditions: V., =33V 0.3V, V_ =0V, T,=25C +5°C

Item Symbol Min Max Unit Notes
Command write cycle e 20 — ys Figure 6.8
CE hold time t.. 0 — ns

CE setup time t 0 — ns

Data hold time t, 50 — ns

Data setup time t 50 — ns

Write pulse width te 70 — ns

WE rise time t — 30 ns

WE fall time t, — 30 ns

Memory read mode Other mode command write

A15-A0 X Address stable X

tnxm t(:es toen

S e Vam

o« T \__/ t
wep

WE ) r

tys |« l—] tan

o100 —————L ) CH—

Note: Do not enable WE and OE at the same time.

Figure6.8 Timing Waveformsin Transition from Memory Read Modeto Another Mode
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Table6.12 AC Characteristicsin Memory Read Mode

Conditions: V. =33 V03V, V=0V, T, =25°C +5°C

Item Symbol Min Max Unit Notes
Access time t. — 20 ys Figure 6.9
CE output delay time . — 150 ns Figure 6.10
OE output delay time t, — 150 ns
Output disable delay time t, — 100 ns

t 5 — ns

Data output hold time

oh

A15-A0

1/07-1/00

X Address stable

l'xr Address stable

tacc tacc
ton i toh j

Figure6.9 CE and OE Enable State Read Timing Waveforms

A15-A0

1/07-1/00

x Address stable K Address stable E(
tee tee
\ R ‘
/ K
toe toe
e [\ T i
\ / \
tacc taCC tys
ton tar tonh [

Figure6.10 CE and OE Clock System Read Timing Waveforms
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6.74  Auto-Program Mode

1. When reprogramming previously programmed addresses, perform auto-erasing before auto-
programming.

2. Perform auto-programming once only on the same address block. It is not possible to program
an address block that has already been programmed.

3. In auto-program mode, 128 bytes are programmed simultaneously. This should be carried out
by executing 128 consecutive byte transfers. A 128-byte data transfer is necessary even when
programming fewer than 128 bytes. In this case, H'FF data must be written to the extra
addresses.

4. The lower 7 bits of the transfer address must be low. If a value other than an effective address
is input, processing will switch to a memory write operation but a write error will be flagged.

5. Memory address transfer is performed in the second cycle (figure 6.11). Do not perform
transfer after the third cycle.

6. Do not perform a command write during a programming operation.

7. Perform one auto-program operation for a 128-byte block for each address. Two or more
additional programming operations cannot be performed on a previously programmed address
block.

8. Confirm normal end of auto-programming by checking I/06. Alternatively, status read mode
can also be used for this purpose (I/O7 status polling uses the auto-program operation end
decision pin).

9. Status polling I/06 and I/07 pin information is retained until the next command write. As long
as the next command write has not been performed, reading is possible by enabling CE and
OE.

10. Table 6.13 shows the AC characteristics.
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Table6.13 AC Characteristicsin Auto-Program Mode

Conditions: V. =33 V03V, V=0V, T, =25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle e 20 — ys Figure 6.11
CE hold time t.. 0 — ns

CE setup time t 0 — ns

Data hold time ty, 50 — ns

Data setup time ty 50 — ns

Write pulse width toe 70 — ns

Status polling start time e 1 — ms

Status polling access time to — 150 ns

Address setup time t, 0 — ns

Address hold time te 60 — ns

Memory write time ton 1 3000 ms

WE rise time t — 30 ns

WE fall time t — 30 ns

TSRO J0DIIIIIIIN “SEE

U@

A N

@]
m
]8’_‘

twsts

tspa

/S

E

twrite

/05-1/00 & a0 M)

. Y
Data transfer
1 to 128 bytes

ﬁ
X2

20— D

ﬁ
A
AI
X2,

M\
k__/| Write operation end decision signal

Write normal end decision signal

(oo ))

Figure6.11 Auto-Program Mode Timing Waveforms
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6.7.5 Auto-Erase Mode

1. Auto-erase mode supports only entire memory erasing.
2. Do not perform a command write during auto-erasing.

3. Confirm normal end of auto-erasing by checking I/06. Alternatively, status read mode can also
be used for this purpose (I/O7 status polling uses the auto-erase operation end decision pin).

4. Status polling I/O6 and I/O7 pin information is retained until the next command write. As long
as the next command write has not been performed, reading is possible by enabling CE and
OE.

5. Table 6.14 shows the AC characteristics.

Table6.14 AC Characteristicsin Auto-Erase Mode

Conditions: V.. =33V 03V, V =0V, T, =25°C+5°C

Item Symbol Min Max Unit Notes
Command write cycle b 20 — us Figure 6.12
CE hold time t., 0 — ns

CE setup time t.. 0 — ns

Data hold time t 50 — ns

Data setup time ty 50 — ns

Write pulse width toeo 70 — ns

Status polling start time e 1 — ms

Status polling access time toa — 150 ns

Memory erase time tee 100 40000 ms

WE rise time t — 30 ns

WE fall time t — 30 ns
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A15-A0

Tces fceh | Inxtc Txtc
e T\ I\ /\ /i
oF \ /

twep
tf tr tests tspa

e RN B P

terase

tas tdn

1107

Erase end
decision signal

N
/]

1106

Erase normal

ecision signal

1/05-1/00 @z “@>y) : & oo D)

Figure6.12 Auto-Erase Mode Timing Waveforms

6.7.6  StatusRead Mode

1. Status read mode is provided to identify the kind of abnormal end. Use this mode when an
abnormal end occurs in auto-program mode or auto-erase mode.

2. The return code is retained until a command write other than a status read mode command
write is executed.

3. Table 6.15 shows the AC characteristics and 6.16 shows the return codes.
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Table6.15 AC Characteristicsin Status Read Mode

Conditions: V. =33 V03V, V=0V, T, =25°C +5°C

Item Symbol Min Max Unit Notes
Read time after command write toe 20 — ys Figure 6.13
CE hold time t.. 0 — ns
CE setup time t. 0 — ns
Data hold time ty, 50 — ns
Data setup time ty 50 — ns
Write pulse width toe 70 — ns
OE output delay time t, — 150 ns
Disable delay time t, — 100 ns
CE output delay time t, — 150 ns
WE rise time t — 30 ns
WE fall time t, — 30 ns
A15-A0
toes toen,, | txtc, toes toe | toxtg toxtc
4
CE \[ ;H H;. ]Z. |\ = / N\
e
” | |, o] e |y, e |
WE N7 N 7
tas ton tas toh Lo
1/07-/00 H71 H71

Note: 1/02 and 1/0O3 are undefined.

Figure6.13 Status Read Mode Timing Waveforms
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Table6.16 Status Read Mode Return Codes

Pin Name Initial Value Indications

I/07 0 1: Abnormal end
0: Normal end

I/06 0 1: Command error
0: Otherwise

I/05 0 1: Programming error
0: Otherwise

I/04 0 1: Erasing error
0: Otherwise

I/03 0 —

I/02 0 —

I/01 0 1: Over counting of writing or erasing
0: Otherwise

I/00 0 1: Effective address error
0: Otherwise

6.7.7  StatusPolling

1. The I/O7 status polling flag indicates the operating status in auto-program/auto-erase mode.

2. The I/O6 status polling flag indicates a normal or abnormal end in auto-program/auto-erase
mode.

Table6.17 StatusPolling Output Truth Table

/107 1/06 /00 to 5 Status

0 0 0 During internal operation
1 0 0 Abnormal end

1 1 0 Normal end

0 1 0 —
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6.7.8 Programmer Mode Transition Time

Commands cannot be accepted during the oscillation stabilization period or the programmer mode
setup period. After the programmer mode setup time, a transition is made to memory read mode.

Table6.18 Stipulated Transition Timesto Command Wait State

Item Symbol Min Max Unit Notes
Oscillation stabilization time (crystal oscillator) T _, 10 — ms Figure 6.14
Oscillation stabilization time (ceramic oscillator) T__, 5 — ms
Programmer mode setup time Tom 10 — ms
Vcc hold time T 0 — ms

foset__tomy Allo-erage mode tewn

Vce /

|

ns)
m
(]

|
/ \_

Figure6.14 Oscillation Stabilization Time, Boot Program Transfer Time,
and Power-Down Sequence

6.7.9 Noteson Memory Programming

1. When performing programming using programmer mode on a chip that has been
programmed/erased in an on-board programming mode, auto-erasing is recommended before
carrying out auto-programming.

2. The flash memory is initially in the erased state when the device is shipped by Renesas
Technology. For other chips for which the erasure history is unknown, it is recommended that
auto-erasing be executed to check and supplement the initialization (erase) level.
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6.8 Power-Down Statesfor Flash Memory
In user mode, the flash memory will operate in either of the following states:

e Normal operating mode
The flash memory can be read and written to at high speed.
e Power-down operating mode

The power supply circuit of the flash memory is partly halted and can be read under low power
consumption.

e Standby mode

All flash memory circuits are halted.

Table 6.19 shows the correspondence between the operating modes of this LSI and the flash
memory. In subactive mode, the flash memory can be set to operate in power-down mode with the
PDWND bit in FLPWCR. When the flash memory returns to its normal operating state from
power-down mode or standby mode, a period to stabilize the power supply circuits that were
stopped is needed. When the flash memory returns to its normal operating state, bits STS2 to
STSO in SYSCR1 must be set to provide a wait time of at least 20 ps, even when the external
clock is being used.

Table6.19 Flash Memory Operating States

Flash Memory Operating State

LSI Operating State PDWND = 0 (Initial value) PDWND =1

Active mode Normal operating mode Normal operating mode
Subactive mode Power-down mode Normal operating mode
Sleep mode Normal operating mode Normal operating mode
Subsleep mode Standby mode Standby mode

Standby mode Standby mode Standby mode

Watch mode Standby mode Standby mode
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Section 7 RAM

71 Overview

The H8/38532 and H8/38533 have 1 Kbyte of high-speed static RAM on-chip, and the H8/38534,
H8/38535, H8/38536, and H8/38537 have 2 Kbytes. The RAM is connected to the CPU by a 16-
bit data bus, allowing high-speed 2-state access for both byte data and word data.

7.1.1 Block Diagram

Figure 7.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

[ ] (]

Internal data bus (lower 8 bits)

H'F780 H'F780 H'F781

H'F782 H'F782 H'F783
L —
R

On-chip RAM
H'FF7E H'FF7E H'FF7F
Even-numbered Odd-numbered
address address

Figure7.1 RAM Block Diagram (H8/38534)
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Section 8 1/0 Ports

8.1 Overview

The LSI is provided with six 8-bit I/O ports, one 4-bit I/O port, one 3-bit I/O port, one 8-bit input-

only port, and one 1-bit input-only port. Table 8.1 indicates the functions of each port.

Each port has of a port control register (PCR) that controls input and output, and a port data
register (PDR) for storing output data. Input or output can be assigned to individual bits.

See section 2.8.3, Bit-Manipulation Instruction, for information on executing bit-manipulation
instructions to write data in PCR or PDR.

Ports 5, 6, 7, 8, and A are also used as liquid crystal display segment and common pins, selectable

in 8-bit units.

Block diagrams of each port are given in Appendix B, I/O Port Block Diagrams.

Table8.1 Port Functions
Function
Switching
Port Description Pins Other Functions Registers
Port 1 e 8-bit I/0 port P1,toP1/ External interrupts 3 to 1 PMR1
« MOS input pull-up IRQ, to IRQ,/ Timer event interrupts TCRF,
ot TMIF, TMIC TMIF, TMIC TMC
ption
P1,/IRQ/ADTRG  External interrupt 4 and AAD  PMR1, AMR
converter external trigger
P1/TMIG Timer G input capture input  PMR1
P1,, P1/ Timer F output compare PMR1
TMOFH, TMOFL  output
P1,/TMOW Timer A clock output PMR1
Port 3 e 8-bit I/O port P3,/AEVL SCI31 data output (TXD,,), = PMR3
« MOS input pull-up P3,/AEVH Qata input (RXD,,), clock SCR31
option P3,/TXD,, input/output (SCK,)), and SMR31
P3,/RXD,, asynchronous counter event
* Large-currentport  p3/SCK_ inputs AEVL, AEVH
P3, Timer C count-up/down select PMR2
P3,/UD/EXCL input, 14-bit PWM output, and PMR3
P3,/PWM external subclock input
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Function
Switching
Port Description Pins Other Functions Registers
Port4 e« 1-bit input port P4/IRQ, External interrupt 0 PMR3
* 3-bit 1/O port P4,/TXD,, SCI32 data output (TXD,,), SCR32
P4 /RXD,, data input (RXD,,), clock SMR32
P4 /SCK,, input/output (SCK,,)
Port5 e 8-bit I/0 port P5,to P5/ Wakeup input (WKP, to PMR5
« MOS input pull-up WKP, to WKP/ WKP,), segment output LPCR
option SEG, to SEG, (SEG, to SEG,)
Port 6 e 8-bit I/O port P6, to P6/ Segment output (SEG,, to LPCR
« MOS input pull-up SEG,, to SEG, SEG,)
option
Port 7 8-bit I/O port P7,to P7/ Segment output (SEG,, to LPCR
SEG,, to SEG,, SEG,,)
Port 8 e 8-bit I/O port P8,/SEG,, Segment output LPCR
P8,/SEG,, (SEG,, to SEG,,)
P8./SEG,,
P8,/SEG,,
P8, to P8/
SEG,, to SEG,,
Port A 4-bit I/O port PA,to PA/ Common output (COM, to LPCR
COM, to COM, COM))
Port B 8-bit input port PB, to PB/ A/D converter analog input ~ AMR
AN, to AN,
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8.2 Port 1

8.2.1 Overview

Port 1 is a 8-bit I/O port. Figure 8.1 shows its pin configuration.

~— P1,/IRQ3/TMIF
-~ P14/RQ,
-~ P15/IRQ4/TMIC
Port1 | =—— P14/RQ4/ADTRG
-~ P13/TMIG
< P1,/TMOFH
<—— P14/TMOFL
- P1,/TMOW

Figure8.1 Port 1 Pin Configuration

8.2.2 Register Configuration and Description

Table 8.2 shows the port 1 register configuration.

Table8.2 Port 1Registers

Name Abbr. R/IW Initial Value  Address
Port data register 1 PDR1 R/W H'00 H'FFD4
Port control register 1 PCR1 w H'00 H'FFE4
Port pull-up control register 1 PUCR1 R/W H'00 H'FFEO
Port mode register 1 PMR1 R/W H'00 H'FFC8

Rev. 1.00 May 30, 2008 Page 161 of 484
RENESAS REJ09B0436-0100




Section 8 /0O Ports

(1) Port Data Register 1 (PDR1)

Bit 7 6 5 4 3 2 1 0
‘ P1, ‘ P1g ‘ P1g ‘ P14 ‘ P13 ‘ P15 ‘ P14 ‘ P1g
Initial value 0 0 0 0 0 0 0 0

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

PDR1 is an 8-bit register that stores data for port 1 pins P1, to P1,. If port 1 is read while PCR1
bits are set to 1, the values stored in PDR1 are read, regardless of the actual pin states. If port 1 is
read while PCR1 bits are cleared to 0, the pin states are read.

Upon reset, PDR1 is initialized to H'00.

(2) Port Control Register 1 (PCR1)

Bit 7 6 5 4 3 2 1 0

‘ PCR1; ‘ PCR1g ‘ PCR15 ‘ PCR14 ‘ PCR13 ‘ PCR1, ‘ PCR14 ‘ PCR1g
Initial value 0 0 0 0 0 0 0 0
Read/Write w W w w w w w w

PCR1 is an 8-bit register for controlling whether each of the port 1 pins P1, to P1, functions as an
input pin or output pin. Setting a PCR1 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settings in PCR1 and in PDRI1 are valid only
when the corresponding pin is designated in PMR1 as a general I/O pin.

Upon reset, PCR1 is initialized to H'00.
PCR1 is a write-only register, which is always read as all 1s.

(3) Port Pull-Up Control Register 1 (PUCR1)

Bit 7 6 5 4 3 2 1 0
‘PUCR17 ‘ PUCR16‘ PUCR15 ‘ PUCR14‘ PUCR13‘ PUCR12‘ PUCR11‘ PUCR1g
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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PUCRI controls whether the MOS pull-up of each of the port 1 pins P1, to P1, is on or off. When
a PCR1 bit is cleared to 0, setting the corresponding PUCRI1 bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to O turns off the MOS pull-up.

Upon reset, PUCRI1 is initialized to H'00.

(4) Port Mode Register 1 (PMR1)

Bit 7 6 5 4 3 2 1 0

‘ IRQ3 ‘ IRQ2 ‘ IRQ1 ‘ IRQ4 ‘ TMIG ‘TMOFH ‘ TMOFL ‘ TMOW
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PMR1 is an 8-bit read/write register, controlling the selection of pin functions for port 1 pins.
Upon reset, PMRI is initialized to H'00.
Bit 7: P1./IRQ,/TMIF pin function switch (IRQ3)

This bit selects whether pin P1./IRQ,/TMIF is used as P1, or as IRQ,/TMIF.

Bit 7

IRQ3 Description

0 Functions as P1, 1/O pin (initial value)
1 Functions as IRQ,/TMIF input pin

Note: Rising or falling edge sensing can be designated for IRQ,, TMIF. For details on TMIF
settings, see (3) Timer Control Register F (TCRF) in section 9.4.2, Register Descriptions.

Bit 6: P1,/IRQ, pin function switch (IRQ2)

This bit selects whether pin P1,/IRQ, is used as P1, or as IRQ,.

Bit 6

IRQ2 Description

0 Functions as P1, I/O pin (initial value)
1 Functions as IRQ, input pin

Note: Rising or falling edge sensing can be designated for IRQ,.
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Bit 5: P1,/IRQ/TMIC pin function switch (IRQ1)

This bit selects whether pin P1./IRQ,/TMIC is used as P1, or as IRQ /TMIC.

Bit 5

IRQ1 Description

0 Functions as P1, I/O pin (initial value)
1 Functions as IRQ,/TMIC input pin

Note: Rising or falling edge sensing can be designated for IRQ,/TMIC.

For details of TMIC pin setting, see (1) Timer Mode Register C (TMC) in section 9.3.2,
Register Descriptions.

Bit 4: P1,/IRQ,/ADTRG pin function switch (IRQ4)

This bit selects whether pin P1,/IRQ,/ADTRG is used as P1, or as IRQ,/ADTRG.

Bit 4

IRQ4 Description

0 Functions as P1, I/O pin (initial value)
1 Functions as IRQ,/ADTRG input pin

Note: For details of ADTRG pin setting, see section 12.3.2, Start of A/D Conversion by External
Trigger Input.

Bit 3: P1,/TMIG pin function switch (TMIG)

This bit selects whether pin P1,/TMIG is used as P1, or as TMIG.

Bit 3

TMIG Description

0 Functions as P1, I/O pin (initial value)
1 Functions as TMIG input pin

Bit 2: P1,/TMOFH pin function switch (TMOFH)

This bit selects whether pin P1,/TMOFH is used as P1, or as TMOFH.
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Bit 1: P1,/TMOFL pin function switch (TMOFL)

This bit selects whether pin P1 /TMOFL is used as P1, or as TMOFL.

Bit 1

TMOFL Description

0 Functions as P1, I/O pin (initial value)
1 Functions as TMOFL output pin
Bit 0: P1/TMOW pin function switch (TMOW)
This bit selects whether pin P1 /TMOW is used as P1, or as TMOW.

Bit 0

TMOW Description

0 Functions as P1, 1/O pin (initial value)
1 Functions as TMOW output pin

Rev. 1.00 May 30, 2008 Page 165 of 484
RENESAS REJ09B0436-0100



Section 8 /0O Ports

8.2.3 Pin Functions

Table 8.3 shows the port 1 pin functions.

Table8.3 Port 1 Pin Functions
Pin Pin Functions and Selection Method
P17/m3/TMIF The pin function depends on bit IRQ3 in PMR1, bits CKSL2 to CKSLO in TCRF,
and bit PCR1, in PCR1.
IRQ, 0 1
PCR1, 1 &
CKSL2 to CKSLO * Not 0** 0**
Pin function P1, input pin | P1, output pin | IRQ, input pin | IRQ,/TMIF
input pin
Note: When this pin is used as the TMIF input pin, clear bit IEN3 to 0 in IENR1 to
disable the IRQ, interrupt.
P1,/IRQ, The pin function depends on bits IRQ2 in PMR1 and bit PCR1, in PCR1.
IRQ2 0 1
PCR1, 0 1 &
Pin function P1, input pin | P1, output pin mz input pin
P15/m1 The pin function depends on bit IRQ1 in PMR1, bits TMC2 to TMCO in TMC, and
TMIC bit PCR1, in PCR1.
IRQ1 0 1
PCR1, 0 1 *
TMC2 to TMCO & Not 111 111
Pin function P1, input pin | P1_ output pin | IRQ, input pin | TRQ,/TMIC
input pin

Note: When this pin is used as the TMIC input pin, clear bit IEN1 to 0 in IENR1 to
disable the IRQ, interrupt.
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Pin Pin Functions and Selection Method
P1,/IRQ, The pin function depends on bit IRQ4 in PMR1, bit TRGE in AMR, and bit PCR1,
ADTRG in PCR1.
IRQ4 0 1
PCR1, 0 1 *
TRGE * 0 1
Pin function P1, input pin | P1, output pin | IRQ, input pin | IRQ,/ADTRG
input pin
Note: When this pin is used as the ADTRG input pin, clear bit IEN4 to 0 in IENR1
to disable the IRQ, interrupt.
P1/TMIG The pin function depends on bit TMIG in PMR1 and bit PCR1, in PCR1.
T™MIG 0 1
PCR1, 0 1 *
Pin function P1, input pin | P1, output pin TMIG input pin
P1,/TMOFH  The pin function depends on bit TMOFH in PMR1 and bit PCR1, in PCR1.
TMOFH 0 1
PCR1, 0 1 *
Pin function P1, input pin | P1, output pin TMOFH output pin
P1,/TMOFL The pin function depends on bit TMOFL in PMR1 and bit PCR1, in PCR1.
TMOFL 0 1
PCR1, 0 1 *
Pin function P1, input pin | P1, output pin TMOFL output pin
P1,/TMOW The pin function depends on bit TMOW in PMR1 and bit PCR1 in PCR1.
TMOW 0 1
PCR1, 0 1 *
Pin function P1, input pin | P1, output pin TMOW output pin
*: Don’t care
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824 Pin States
Table 8.4 shows the port 1 pin states in each operating mode.

Table8.4 Port 1 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active

P17/m3/TMIF High- Retains Retains  High- Retains Functional  Functional
P1/IRQ, impedance previous previous impedance™ previous

P1/IRQ,/TMIC state state state

P1,/IRQ,/ADTRG

P1,/TMIG

P1,/TMOFH

P1./TMOFL

P1,/TMOW

Note: * A high-level signal is output when the MOS pull-up is in the on state.

8.25 MOS Input Pull-Up

Port 1 has a built-in MOS input pull-up function that can be controlled by software. When a PCR1
bit is cleared to 0O, setting the corresponding PUCR1 bit to 1 turns on the MOS input pull-up for
that pin. The MOS input pull-up function is in the off state after a reset.

PCR1, 0 0 1
PUCR1, 0 1 *
MOS input pull-up Off On Off
(n=7100)
*: Don’t care
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8.3 Port 3

8.3.1 Overview

Port 3 is a 8-bit I/O port, configured as shown in figure 8.2.

In the flash memory version, the on-chip pull-up MOS for pin P3, is on during the reset period. It
turns off and normal operation resumes after the reset is cleared. This should be considered when
making connections to external circuitry. Note that in the mask ROM version P3, continues to

operate normally.

Port 3

< P3,/AEVL
<~ P34/AEVH
<~ P35/TXDg;
<= P3,4/RXDgy
<= P35/SCKg;
- P3,
<= P3,/UD/EXCL
- P3,/PWM

Figure8.2 Port 3 Pin Configuration

832 Register Configuration and Description

Table 8.5 shows the port 3 register configuration.

Table85 Port 3Registers

Name Abbr. R/W Initial Value Address
Port data register 3 PDR3 R/W H'00 H'FFD6
Port control register 3 PCR3 W H'00 H'FFE6
Port pull-up control register 3 PUCRS R/W H'00 H'FFE1
Port mode register 2 PMR2 R/W H'58 H'FFC9
Port mode register 3 PMR3 R/W H'04 H'FFCA
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(1) Port Data Register 3 (PDR3)

Bit 7 6 5 4 3 2 1 0

‘ P37 ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P32 ‘ P34 ‘ P3¢
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR3 is an 8-bit register that stores data for port 3 pins P3, to P3,. If port 3 is read while PCR3
bits are set to 1, the values stored in PDR3 are read, regardless of the actual pin states. If port 3 is
read while PCR3 bits are cleared to 0, the pin states are read.

Upon reset, PDR3 is initialized to H'00.

(2) Port Control Register 3 (PCR3)

Bit 7 6 5 4 3 2 1 0

‘ PCR37 ‘ PCRSG‘ PCR35 ‘ PCR34 ‘ PCR33 ‘ PCR32 ‘ PCR3; ‘ PCR3p
Initial value 0 0 0 0 0 0 0 0
Read/Write w W w w w w w w

PCR3 is an 8-bit register for controlling whether each of the port 3 pins P3, to P3, functions as an
input pin or output pin. Setting a PCR3 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settings in PCR3 and in PDR3 are valid only
when the corresponding pin is designated in PMR3 as a general 1/O pin.

Upon reset, PCR3 is initialized to H'00.

PCR3 is a write-only register, which is always read as all 1s.
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(3) Port Pull-Up Control Register 3 (PUCR3)

Bit 7 6 5 4 3 2 1 0
‘PUCR37 ‘ PUCRS@‘ PUCR35‘ PUCR34 ‘ PUCR33‘PUCR32 ‘ PUCRS3; ‘PUCRSO

Initial value 0 0 0 0 0 0 0 0

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

PUCR3 controls whether the MOS pull-up of each of the port 3 pins P3, to P3, is on or off. When
a PCR3 bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to O turns off the MOS pull-up.

Upon reset, PUCR3 is initialized to H'00.

(4) Port Mode Register 3 (PMR3)

Bit 7 6 5 4 3 2 1 0

‘ AEVL ‘ AEVH ‘ WDCKS ‘ NCS ‘ IRQO ‘ — ‘ ub ‘ PWM
Initial value 0 0 0 0 0 1 0 0
Read/Write R/W R/W R/W R/W R/W — R/W R/W

PMR3 is an 8-bit read/write register, controlling the selection of pin functions for port 3 pins.
Upon reset, PMR3 is initialized to H'04.
Bit 7: P3,/AEVL pin function switch (AEVL)

This bit selects whether pin P3.,/JAEVL is used as P3, or as AEVL.

Bit 7

AEVL Description

0 Functions as P3, I/O pin (initial value)
1 Functions as AEVL input pin
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Bit 6: P3/AEVH pin function switch (AEVH)

This bit selects whether pin P3 /AEVH is used as P3, or as AEVH.

Bit 6

AEVH Description

0 Functions as P3; I/O pin (initial value)
1 Functions as AEVH input pin

Bit 5: Watchdog timer source clock select (WDCKS)

This bit selects the watchdog timer source clock.

Bit 5

WDCKS Description

0 /8192 selected (initial value)
1 ow/32 selected

Bit 4: TMIG noise canceler select (NCS)

This bit controls the noise canceler for the input capture input signal (TMIG).

Bit 4

NCS Description

0 Noise cancellation function not used (initial value)
1 Noise cancellation function used

Bit 3: P4,/IRQ, pin function switch (IRQ,)

This bit selects whether pin P4,/IRQ, is used as P4, or as IRQ,.

Bit 3

IRQ, Description

0 Functions as P4, input pin (initial value)
1 Functions as IRQ, input pin
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Bit 2: Reserved bit
This bit cannot be written to.
Bit 1: P3,/UD pin function switch (UD)

This bit selects whether pin P3 /UD is used as P3, or as UD.

Bit 1

ubD Description

0 Functions as P3, I/O pin (initial value)
1 Functions as UD input pin

Bit 0: P3,/PWM pin function switch (PWM)

This bit selects whether pin P3 /PWM is used as P3, or as PWM.

Bit 0

PWM Description

0 Functions as P3, I/O pin (initial value)
1 Functions as PWM output pin

(5) Port Mode Register 2 (PMR?2)

Bit 7 6 5 4 3 2 1 0

x| — | = | — | = = | =] -
Initial value 0 1 0 1 1 0 0 0
Read/Write R/W R R/W R R R/W R/W R/W

PMR?2 is an 8-bit read/write register that controls external clock input to pin P3,.

Upon reset, PMR?2 is initialized to H'S8.

Rev. 1.00 May 30, 2008 Page 173 of 484
RENESAS REJ09B0436-0100



Section 8 /0O Ports

Bit 7: P3,/UD/EXCL pin function switch (EXCL)

This bit selects whether pin P3 /UD/EXCL is used as P3,/UD or as EXCL. When the pin is used as
EXCL an external clock should be input to it. See section 4, Clock Pulse Generators, for a
connection example.

Bit 7

EXCL Description

0 Functions as P3,/UD /O pin (initial value)
1 Functions as EXCL input pin

Bit 6: Reserved bit

Bit 6 is a reserved bit. It is always read as 1 and cannot be modified.

Bit 5: Reserved bit

Bit 5 is a readable/writable reserved bit.

Bits4 and 3: Reserved bits

Bits 4 and 3 are reserved bits. They are always read as 1 and cannot be modified.
Bits2to 0: Reserved bits

Bits 2 to 0 are readable/writable reserved bits.
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8.3.3

Pin Functions

Table 8.6 shows the port 3 pin functions.

Table8.6 Port 3 Pin Functions
Pin Pin Functions and Selection Method
P3,/AEVL The pin function depends on bit SO1 in PMR3 and bit PCR3, in PCR3.
AEVL 0 1
PCR3, 0 1 *
Pin function P3, input pin P3, output pin AEVL input pin
P3,/AEVH The pin function depends on bit AEVH in PMR3 and bit PCR3; in PCRS3.
AEVH 0 1
PCR3, 0 1 *
Pin function P3, input pin P3, output pin AEVH input pin
P3,/TXD,, The pin function depends on bit TE,, in SCR31, bit SPC31 in SPCR, and bit
PCRS, in PCRS3.
SPC31 1
TE,, 1
PCR3, 0 1 *
Pin function P3, input pin P3, output pin TXD,, output pin
P3,/RXD,, The pin function depends on bit RE,, in SCR31 and bit PCR3, in PCR3.
RE,, 0 1
PCRS3, 0 1 *
Pin function P3, input pin P3, output pin RXD,, input pin
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Pin Pin Functions and Selection Method
P3./SCK,, The pin function depends on bits CKE311 and CKE310 in SCR31, bit COM31 in
SMR31, and bit PCR3, in PCR3.
CKE311 0 1
CKE310 0 1 *
COMS, 1 g *
PCRS3, 0 1 * *
Pin function P3, input pin | P3, output pin| SCK_, output | SCK,, input
pin pin
P3, The pin function depends on bit PCR3, in PCR3.
PCRS, 0 1
Pin function P3, input pin P3, output pin
P3,/UD/EXCL The pin function depends on bit EXCL in PMR2, bit UD in PMRS3, and bit PCR3,
in PCRS3.
EXCL 0 1
ub 1 *
PCRS3, 0 1 * i
Pin function P3, input pin | P3, output pin | UD input pin | EXCL input
pin
P3/PWM The pin function depends on bit PWM in PMR3 and bit PCR3, in PCR3.
PWM 0 1
PCR3, 0 1 *
Pin function P3, input pin P3, output pin PWM output pin
*: Don’t care
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834  Pin States
Table 8.7 shows the port 3 pin states in each operating mode.

Table8.7 Port 3 Pin States

Pins Reset Sleep Subsleep  Standby Watch Subactive Active
P3,/AEVL High- Retains Retains High- Retains Functional Functional
P3,/AEVH impedance previous previous impedance™®' previous
P3./TXD,, state state state
P3,/RXD,,
P3,/SCK,,
P3,* Pull-up
MOS on
P3,* High-
P3,/UD/EXCL impedance
P3,/PWM

Notes: 1. A high-level signal is output when the MOS pull-up is in the on state.

2. Applies to the mask ROM version.
3. Applies to the flash memory version.

8.35 MOS Input Pull-Up

Port 3 has a built-in MOS input pull-up function that can be controlled by software. When a PCR3
bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for that pin.

The MOS pull-up function is in the off state after a reset.

PCRS3, 0 0 1
PUCRS3, 0 1 *
MQOS input pull-up Off On Off
(n=7100)
*: Don’t care
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8.4 Port 4

84.1 Overview

Port 4 is a 3-bit I/O port and 1-bit input port, configured as shown in figure 8.3.

-~ P4g/IRQ,
-~ P42/TXD32
Port 4
- P4, /RXD32

~— P4,/SCK3o

Figure8.3 Port 4 Pin Configuration

8.4.2 Register Configuration and Description

Table 8.8 shows the port 4 register configuration.

Table8.8 Port 4 Registers

Name Abbr. R/W Initial Value Address
Port data register 4 PDR4 R/W H'F8 H'FFD7
Port control register 4 PCR4 w H'F8 H'FFE7

(1) Port Data Register 4 (PDR4)

Bit 7 6 5 4 3 2 1 0

B e R N R
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — R R/W R/W R/W

PDR4 is an 8-bit register that stores data for port 4 pins P4, to P4,. If port 4 is read while PCR4
bits are set to 1, the values stored in PDR4 are read, regardless of the actual pin states. If port 4 is
read while PCR4 bits are cleared to 0, the pin states are read.

Upon reset, PDR4 is initialized to H'F8.
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(2) Port Control Register 4 (PCR4)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ PCR4, ‘ PCR4 ‘ PCR4
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — w W w

PCR4 is an 8-bit register for controlling whether each of port 4 pins P4, to P4, functions as an
input pin or output pin. Setting a PCR4 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR4 and PDR4 settings are valid when the
corresponding pins are designated for general-purpose input/output by SCR32.

Upon reset, PCR4 is initialized to H'F8.

PCRA4 is a write-only register, which always reads all 1s.

8.4.3 Pin Functions
Table 8.9 shows the port 4 pin functions.

Table89 Port 4 Pin Functions

Pin Pin Functions and Selection Method
P4/IRQ, The pin function depends on bit IRQO in PMR3.
IRQO 0 1
Pin function P4, input pin mo input pin
P4,/TXD,, The pin function depends on bit TE,, in SCR32, bit SPC32 in SPCR, and bit
PCR4, in PCR4.
SPC32 0 1
TE,, 0 1
PCRA4, 0 1 *
Pin function P4, input pin P4, output pin TXD,, output pin
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Pin Pin Functions and Selection Method
P4, /RXD,, The pin function depends on bit RE_, in SCR32 and bit PCR4, in PCR4.
RE,, 0 1
PCR4, 0 1 *
Pin function P4, input pin P4, output pin RXD,, input pin
P4/SCK,, The pin function depends on bits CKE321 and CKE320 in SCR32, bit COM32 in
SMR32, and bit PCR4, in PCR4.
CKE321 0 1
CKE320 0 1 *
COM32 0 1 * *
PCR40 0 1 * *
Pin function P4, input pin | P4, output pin | SCK_, output | SCK_, input
pin pin
*: Don’t care
8.4.4 Pin States
Table 8.10 shows the port 4 pin states in each operating mode.
Table8.10 Port 4 Pin States
Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P4./IRQ, High- Retains Retains  High- Retains Functional Functional
P4,/TXD,, impedance previous previous impedance previous
P4 /RXD,, state state state
P4/SCK,,
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85 Port 5

85.1 Overview

Port 5 is an 8-bit I/O port, configured as shown in figure 8.4.

<= P5,/WKP,/SEGg
-~ P5;WKP/SEG,
-~ P5;/WKP5/SEGg
<~ P5,/WKP,/SEGs
<« P5,/WKP,/SEG,
-« P5,/WKP,/SEG;
-« P5,/WKP,/SEG,
-~ P5,/WKP,/SEG,

Port 5

Figure8.4 Port 5 Pin Configuration

85.2 Register Configuration and Description

Table 8.11 shows the port 5 register configuration.

Table8.11 Port 5 Registers

Name Abbr. R/W Initial Value ~ Address
Port data register 5 PDR5 R/W H'00 H'FFD8
Port control register 5 PCR5 w H'00 H'FFE8
Port pull-up control register 5 PUCRS5 R/W H'00 H'FFE2
Port mode register 5 PMR5 R/W H'00 H'FFCC
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(1) Port Data Register 5 (PDR5)

Bit 7 6 5 4 3 2 1 0
‘ P57 ‘ P5¢ ‘ P55 ‘ P54 ‘ P53 ‘ P55 ‘ P54 ‘ P59
Initial value 0 0 0 0 0 0 0 0

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

PDRS is an 8-bit register that stores data for port 5 pins P5, to P5,. If port 5 is read while PCRS
bits are set to 1, the values stored in PDRS are read, regardless of the actual pin states. If port 5 is
read while PCRS5 bits are cleared to 0, the pin states are read.

Upon reset, PDRS is initialized to H'00.

(2) Port Control Register 5 (PCR5)

Bit 7 6 5 4 3 2 1 0

‘ PCR57 ‘ PCR5¢ ‘ PCR55 ‘ PCR54 ‘ PCR53 ‘ PCR5; ‘ PCR5, ‘ PCR5¢
Initial value 0 0 0 0 0 0 0 0
Read/Write w W w w w w w w

PCRS is an 8-bit register for controlling whether each of the port 5 pins P5, to P5, functions as an
input pin or output pin. Setting a PCRS bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR5 and PDRS settings are valid when the
corresponding pins are designated for general-purpose input/output by PMRS and bits SGS3 to
SGSO0 in LPCR.

Upon reset, PCRS5 is initialized to H'00.
PCRS is a write-only register, which is always read as all 1s.

(3) Port Pull-Up Control Register 5 (PUCR5)

Bit 7 6 5 4 3 2 1 0
‘PUCR57 ‘ PUCRSG‘ PUCRS55 ‘ PUCR54 ‘ PUCR53 ‘PUCRSQ ‘PUCR51 ‘PUCRSO
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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PUCRS controls whether the MOS pull-up of each of port 5 pins P5, to P5 is on or off. When a
PCRS bit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to O turns off the MOS pull-up.

Upon reset, PUCRS is initialized to H'00.

(4) Port Mode Register 5 (PMR5)

Bit 7 6 5 4 3 2 1 0

‘ WKP; ‘ WKPg ‘ WKP; ‘ WKP,, ‘ WKP; ‘ WKP, ‘ WKP, ‘ WKP,
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

PMRS5 is an 8-bit read/write register, controlling the selection of pin functions for port 5 pins.
Upon reset, PMRS is initialized to H'00.

Bit n: P5S /WKP /SEG _, pin function switch (WKPn)

When pin PSn/WKPn/SEGn+1 is not used as SEG

these bits select whether the pin is used as

n+1%

P5n or WKP..

Bit n

WKPn Description

0 Functions as P5n 1/O pin (initial value)
1 Functions as WKP_ input pin

(n=71t00)

Note: For use as SEG_, see section 13.2.1, LCD Port Control Register (LPCR).

n+1?
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8.5.3 Pin Functions
Table 8.12 shows the port 5 pin functions.

Table8.12 Port 5 Pin Functions

Pin Pin Functions and Selection Method

P5,/WKP./SEG, The pin function depends on bit WKP_in PMRS5, bit PCR5_ in PCR5, and bits
to SGS3 to SGSO in LPCR.

P5,/WKP /SEG,
(n=7100)
SGS3 to SGSO Qe 1
WKP, 0 1 *
PCRS5, 0 1 * *
Pin function P5, input pin | P5_output pin| WKPn input SEGn+1
pin output pin
*: Don’t care
854 Pin States
Table 8.13 shows the port 5 pin states in each operating mode.
Table8.13 Port 5Pin States
Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P5./WKP_/ High- Retains Retains  High- Retains Functional Functional
SEG, to P5/ impedance previous previous impedance® previous
WKP /SEG, state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.

Rev. 1.00 May 30, 2008 Page 184 of 484
REJ09B0436-0100 RENESAS



Section 8 /0O Ports

855  MOSInput Pull-Up

Port 5 has a built-in MOS input pull-up function that can be controlled by software. When a PCRS
bit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for that pin.
The MOS pull-up function is in the off state after a reset.

PCRS5, 0 0 1
PUCR5, 0 1 *
MQOS input pull-up Off On Off
(n=71t00)
*: Don’t care
8.6 Port 6

8.6.1 Overview

Port 6 is an 8-bit I/O port. The port 6 pin configuration is shown in figure 8.5.

<= P6,/SEGg
-« P6¢/SEGys
<= PB/SEGy4
<= P6,/SEGy3
-~ P64/SEGy,
<= PB,/SEGy
<~ P64/SEGy
<~ P6y/SEGg

Port 6

Figure85 Port 6 Pin Configuration
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8.6.2 Register Configuration and Description
Table 8.14 shows the port 6 register configuration.

Table8.14 Port 6 Registers

Name Abbr. R/W Initial Value Address
Port data register 6 PDR6 R/W H'00 H'FFD9
Port control register 6 PCR6 W H'00 H'FFEQ
Port pull-up control register 6 PUCR®6 R/W H'00 H'FFE3

(1) Port Data Register 6 (PDR6)

Bit 7 6 5 4 3 2 1 0
‘ P67 ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6- ‘ P61 ‘ P6o
Initial value 0 0 0 0 0 0 0 0

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

PDR6 is an 8-bit register that stores data for port 6 pins P6, to P6,.

If port 6 is read while PCR®6 bits are set to 1, the values stored in PDR6 are read, regardless of the
actual pin states. If port 6 is read while PCR®6 bits are cleared to 0, the pin states are read.

Upon reset, PDR6 is initialized to H'00.

(2) Port Control Register 6 (PCR6)

Bit 7 6 5 4 3 > 1 0

| PCR6; | PCRs | PCR6s | PCRe, | PCR6; | PCR6, | PCR6; | PCRéq
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w w w W W

PCRG6 is an 8-bit register for controlling whether each of the port 6 pins P6, to P6, functions as an
input pin or output pin.

Setting a PCR6 bit to 1 makes the corresponding pin (P6, to P6,) an output pin, while clearing the
bit to 0 makes the pin an input pin. PCR6 and PDRG6 settings are valid when the corresponding
pins are designated for general-purpose input/output by bits SGS3 to SGS0 in LPCR.
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Upon reset, PCR6 is initialized to H'00.
PCRG6 is a write-only register, which always reads all 1s.

(3) Port Pull-Up Control Register 6 (PUCR®6)

Bit 7 6 5 4 3 2 1 0
‘PUCR67 ‘ PUCRGG‘ PUCR65‘ PUCR64 ‘ PUCR63‘PUCR62 ‘ PUCR®6; ‘PUCRGO

Initial value 0 0 0 0 0 0 0 0

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

PUCRG6 controls whether the MOS pull-up of each of the port 6 pins P6, to P6, is on or off. When
a PCRG6 bit is cleared to 0, setting the corresponding PUCRG bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to O turns off the MOS pull-up.

Upon reset, PUCRG is initialized to H'00.

8.6.3 Pin Functions
Table 8.15 shows the port 6 pin functions.

Table8.15 Port 6 Pin Functions

Pin Pin Functions and Selection Method
P6,/SEG,, to The pin function depends on bit PCR6n in PCR6 and bits SGS3 to SGSO in
P6,/SEG, LPCR. (n=71t0)
SGS3 to SGSO 00%**, 010* 01 e ek
PCR6, 0 1 *
Pin function P6, input pin P6, output pin SEG, ,, output pin

*: Don’t care
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8.64  Pin States
Table 8.16 shows the port 6 pin states in each operating mode.

Table8.16 Port 6 Pin States

Pin Reset Sleep Subsleep Standby Watch  Subactive Active
P6,/SEG,, to High- Retains Retains  High- Retains Functional Functional
P6,/SEG, impedance previous previous impedance® previous

state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.

8.6.5 MOS Input Pull-Up

Port 6 has a built-in MOS pull-up function that can be controlled by software. When a PCR6 bit is
cleared to 0, setting the corresponding PUCRG6 bit to 1 turns on the MOS pull-up for that pin. The
MOS pull-up function is in the off state after a reset.

PCRS, 0 0 1
PUCRS6, 0 1 #
MOS input pull-up Off On Off
(n=71t00)
*: Don’t care
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8.7 Port 7

8.7.1 Overview

Port 7 is a 8-bit I/O port, configured as shown in figure 8.6.

<= P74/SEGy,
<~ P7¢/SEGyg
-« = P7:/SEGy;
-~ P7,/SEGy;
<~ P74/SEGyy
<= P7,/SEGyg

Port 7

-~ P71/SEG18
B —— P70/SEG17

Figure8.6 Port 7 Pin Configuration

8.7.2 Register Configuration and Description
Table 8.17 shows the port 7 register configuration.

Table8.17 Port 7 Registers

Name Abbr. R/W Initial Value Address
Port data register 7 PDR7 R/W H'00 H'FFDA
Port control register 7 PCR7 w H'00 H'FFEA
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(1) Port Data Register 7 (PDR7)

Bit 7 6 5 4 3 2 1 0
‘ P77 ‘ P76 ‘ P75 ‘ P74 ‘ P73 ‘ P75 ‘ P74 ‘ P7q
Initial value 0 0 0 0 0 0 0 0

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

PDR7 is an 8-bit register that stores data for port 7 pins P7, to P7. If port 7 is read while PCR7
bits are set to 1, the values stored in PDR7 are read, regardless of the actual pin states. If port 7 is
read while PCR?7 bits are cleared to 0, the pin states are read.

Upon reset, PDR7 is initialized to H'00.

(2) Port Control Register 7 (PCR7)

Bit 7 6 5 4 3 2 1 0

‘ PCR7~ ‘ PCR7s ‘ PCR7s ‘ PCR74 ‘ PCR73 ‘ PCR7- ‘ PCR7, ‘ PCR7
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w w w w w

PCR7 is an 8-bit register for controlling whether each of the port 7 pins P7, to P7, functions as an
input pin or output pin. Setting a PCR7 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR7 and PDR7 settings are valid when the
corresponding pins are designated for general-purpose input/output by bits SGS3 to SGSO in
LPCR.

Upon reset, PCR7 is initialized to H'00.

PCR?7 is a write-only register, which always reads as all 1s.
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8.7.3 Pin Functions
Table 8.18 shows the port 7 pin functions.

Table8.18 Port 7 Pin Functions

Pin Pin Functions and Selection Method
P7./SEG,, to The pin function depends on bit PCR7, in PCR7 and bits SGS3 to SGSO0 in
P7/SEG,, LPCR. (n=7100)
SGS3 to SGSO 00%** Qfok, ek
PCR7, 0 1 *
Pin function P7_ input pin P7_ output pin SEG ,,, output pin
*: Don’t care

8.7.4 Pin States

Table 8.19 shows the port 7 pin states in each operating mode.

Table8.19 Port 7 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P7./SEG,,to  High- Retains Retains  High- Retains  Functional Functional
P7/SEG,, impedance previous previous impedance previous

state state state
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8.8 Port 8

8.8.1 Overview

Port 8 is an 8-bit I/O port configured as shown in figure 8.7.

<= P8,/SEGg,
<= P8¢/SEGs;
<= P8/SEGg,
<= P8,/SEGyg
<~ P8y/SEGyg
<= P8,/SEGyy

Port 8

~— P8,/SEGog
~— P8y/SEGos

Figure8.7 Port 8 Pin Configuration

882 Register Configuration and Description
Table 8.20 shows the port 8 register configuration.

Table8.20 Port 8 Registers

Name Abbr. R/W Initial Value Address
Port data register 8 PDR8 R/W H'00 H'FFDB
Port control register 8 PCR8 w H'00 H'FFEB
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(1) Port Data Register 8 (PDRS8)

Bit 7 6 5 4 3 2 1 0

‘ P87 ‘ P86 ‘ P85 ‘ P84 ‘ P83 ‘ P8s ‘ P84 ‘ P8¢
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDRS is an 8-bit register that stores data for port 8 pins P8, to P§,. If port 8 is read while PCR8
bits are set to 1, the values stored in PDR8 are read, regardless of the actual pin states. If port 8 is
read while PCR8 bits are cleared to 0, the pin states are read.

Upon reset, PDRS is initialized to H'00.

(2) Port Control Register 8 (PCR8)

Bit 7 6 5 4 3 2 1 0

‘ PCR8; ‘ PCR8g ‘ PCR8s ‘ PCR84 ‘ PCR83 ‘ PCR8&; ‘ PCR8; ‘ PCR8g
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w w w w w

PCRS is an 8-bit register for controlling whether each of the port 8 pins P8, to P8, functions as an
input or output pin. Setting a PCR8 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR8 and PDRS settings are valid when the
corresponding pins are designated for general-purpose input/output by bits SGS3 to SGSO0 in
LPCR.

Upon reset, PCRS is initialized to H'00.

PCRS is a write-only register, which is always read as all 1s.
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8.8.3

Pin Functions

Table 8.21 shows the port 8 pin functions.

Table8.21 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8./SEG,, The pin function depends on bit PCR8, in PCR8 and bits SGS3 to SGS0 in LPCR.
SGS3 to SGSO 000* 0013, Q1#k,
PCR8, 0 1 *
Pin function P8, input pin P8, output pin SEG,, output pin
P8/SEG,, The pin function depends on bit PCR8, in PCR8 and bits SGS3 to SGS0 in LPCR.
SGS3 to SGSO 000* 0017%, Q1%#k, 1%
PCR8, 0 1 *
Pin function P8, input pin P8, output pin SEG,, output pin
P8,/SEG,, The pin function depends on bit PCR8, in PCR8 and bits SGS3 to SGS0 in LPCR.
SGS3to SGSO 000* 0017, Q1#k, 1%
PCR8, 0 1 *
Pin function P8, input pin P8, output pin SEG,, output pin
P8,/SEG,, The pin function depends on bit PCR8, in PCR8 and bits SGS3 to SGS0 in LPCR.
SGS3to SGSO 000* 00713, Ok
PCRS, 0 1 *
Pin function P8, input pin P8, output pin SEG,, output pin
P8,/SEG,, to The pin function depends on bit PCR8, in PCR8 and bits SGS3 to SGS0 in LPCR.
P8,/SEG,, (n=31t00)
SGS3 to SGSO 000* 001%, O1%#%, %k
PCR8, 0 1 *
Pin function P8, input pin P8 output pin SEG_,, output pin
*: Don’t care
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884  Pin States
Table 8.22 shows the port 8 pin states in each operating mode.

Table8.22 Port 8 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P8,/SEG,, High- Retains Retains  High- Retains Functional Functional
P8,/SEG,, impedance previous previous impedance previous

P8./SEG,, state state state

P8,/SEG,,

P8,/SEG,, to

P8,/SEG,,

8.9 Port A

8.9.1 Overview

Port A is a 4-bit I/O port, configured as shown in figure 8.8.

- = PA4/COM,
-——= PA,/COM;z
<~ PA,/COM;
PAy/COM,

Port A

Figure8.8 Port A Pin Configuration
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892 Register Configuration and Description

Table 8.23 shows the port A register configuration.

Table8.23 Port A Registers

Name Abbr. R/W Initial Value Address
Port data register A PDRA R/W H'FO H'FFDD
Port control register A PCRA w H'FO H'FFED

(1) Port Data Register A (PDRA)

Bit 7 6 5 4 3 2 1 0

— | — | — | — | Pas| Paz | PA;| Pag
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

PDRA is an 8-bit register that stores data for port A pins PA, to PA . If port A is read while PCRA
bits are set to 1, the values stored in PDRA are read, regardless of the actual pin states. If port A is
read while PCRA bits are cleared to 0, the pin states are read.

Upon reset, PDRA is initialized to H'FO.

(2) Port Control Register A (PCRA)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ PCRAs‘ PCRAZ‘ PCRA1‘ PCRA o
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

PCRA controls whether each of port A pins PA, to PA functions as an input pin or output pin.
Setting a PCRA bit to 1 makes the corresponding pin an output pin, while clearing the bit to 0
makes the pin an input pin. PCRA and PDRA settings are valid when the corresponding pins are
designated for general-purpose input/output by LPCR.

Upon reset, PCRA is initialized to H'FO.

PCRA is a write-only register, which always reads all 1s.
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8.9.3 Pin Functions

Table 8.24 shows the port A pin functions.

Table8.24 Port A Pin Functions

Pin Pin Functions and Selection Method
PA,/COM, The pin function depends on bit PCRA, in PCRA and bits SGS3 to SGSO0.
SGS3 to SGSO 0000 0000 Not 0000
PCRA, 0 1 *
Pin function PA, input pin PA, output pin COM, output pin
PA,/COM, The pin function depends on bit PCRA, in PCRA and bits SGS3 to SGS0.
SGS3 to SGSO 0000 0000 Not 0000
PCRA, 0 1 *
Pin function PA, input pin PA, output pin COM, output pin
PA /COM, The pin function depends on bit PCRA, in PCRA and bits SGS3 to SGSO0.
SGS3 to SGSO 0000 0000 Not 0000
PCRA, 0 1 *
Pin function PA, input pin PA, output pin COM, output pin
PA/COM, The pin function depends on bit PCRA in PCRA and bits SGS3 to SGSO0.
SGS3 to SGS0 0000 Not 0000
PCRA, 0 1 &
Pin function PA, input pin PA, output pin COM, output pin
*: Don’t care
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894  Pin States
Table 8.25 shows the port A pin states in each operating mode.

Table8.25 Port A Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
PA,/COM, High- Retains Retains  High- Retains Functional Functional
PA,/COM, impedance previous previous impedance previous

PA,/COM, state state state

PA/COM,

810 PortB

8.10.1 Overview

Port B is an 8-bit input-only port, configured as shown in figure 8.9.

B — PB7/AN7
B — PBG/ANG
- PB5/AN5
B — PB4/AN4
Port B
- PB3/AN3
I — PBz/ANz
B — PB1/AN1

- PBo/ANO

Figure8.9 Port B Pin Configuration
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8.10.2 Register Configuration and Description
Table 8.26 shows the port B register configuration.

Table8.26 Port B Register

Name Abbr. R/W Initial Value Address
Port data register B PDRB R Undefined H'FFDE

Port Data Register B (PDRB)

Bit 7 6 5 4 3 2 1 0
‘ PB- \ PBs \ PBs \ PB4 \ PB; \ PB, \ PB; \ PBo
Read/Write R R R R R R R R

Reading PDRB always gives the pin states. However, if a port B pin is selected as an analog input
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads O regardless of the input

voltage.
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8.11  Input/Output Data Inversion Function

8.11.1 Overview

With input pins WKP, to WKP,, RXD, , and RXD,,, and output pins TXD,, and TXD,,, the data
can be handled in inverted form.

SCINVO
SCINV2

P3y/RXDay [ 5D RXDs
P41/RXDap 3

SCINV1
SCINV3

P35/TXD34 ] TXD31
P4,/TXD3o TXDso

Figure8.10 Input/Output Data Inversion Function

8.11.2 Register Configuration and Descriptions
Table 8.27 shows the registers used by the input/output data inversion function.

Table8.27 Register Configuration

Name Abbr. R/W Initial Value Address

Serial port control register SPCR R/W  HCO H'FF91
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Serial Port Control Register (SPCR)

Bit 7 6 5 4 3 2 1 0

. — | — |sPcaz |sPcst |SCINV3 [SCINV2 |SCINV1 [SCINVO
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

SPCR is an 8-bit readable/writable register that performs RXD,,, RXD,,, TXD,,, and TXD,, pin
input/output data inversion switching. SPCR is initialized to H'CO by a reset.

Bits 7 and 6: Reserved bits
Bits 7 and 6 are reserved; they are always read as 1 and cannot be modified.
Bit 5: P4,/TXD,, pin function switch (SPC32)

This bit selects whether pin P4,/TXD,, is used as P4, or as TXD,,.

Bit 5

SPC32 Description

0 Functions as P4, I/O pin (initial value)
1 Functions as TXD,, output pin*

Note: * Setthe TE bit in SCR3 after setting this bit to 1.

Bit 4: P3,/TXD,, pin function switch (SPC31)

This bit selects whether pin P3,/TXD,, is used as P3, or as TXD,,.

Bit 4

SPC31 Description

0 Functions as P3; I/O pin (initial value)
1 Functions as TXD,, output pin*

Note: * Setthe TE bit in SCR3 after setting this bit to 1.
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Bit 3: TXD,, pin output data inversion switch

Bit 3 specifies whether or not TXD,, pin output data is to be inverted.

Bit 3

SCINV3 Description

0 TXD,, output data is not inverted (initial value)
1 TXD,, output data is inverted

Bit 2: RXD,, pin input data inversion switch

Bit 2 specifies whether or not RXD,, pin input data is to be inverted.

Bit 2

SCINV2 Description

0 RXD,, input data is not inverted (initial value)
1 RXD,, input data is inverted

Bit 1: TXD,, pin output data inversion switch

Bit 1 specifies whether or not TXD,, pin output data is to be inverted.

Bit 1

SCINV1 Description

0 TXD,, output data is not inverted (initial value)
1 TXD,, output data is inverted

Bit 0: RXD,, pin input data inversion switch

Bit 0 specifies whether or not RXD,, pin input data is to be inverted.

Bit 0

SCINVO Description

0 RXD,, input data is not inverted (initial value)
1 RXD,, input data is inverted
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8.11.3 Noteon Madification of Serial Port Control Register

When a seria port control register is modified, the data being input or output up to that point is
inverted immediately after the modification, and an invalid data change isinput or output. When
modifying a serial port control register, do so in astate in which data changes are invalidated.

8.12 Application Note

8.12.1 TheManagement of the Un-Use Terminal
If an 1/O pin not used by the user system isfloating, pull it up or down.

e If anunused pinisaninput pin, handle it in one of the following ways:
O Pull it up to V. with an on-chip pull-up MOS.
O Pull it upto V. with an externa resistor of approximately 100 kQ.
O Pull it down to V with an external resistor of approximately 100 kQ.
O For apin also used by the A/D converter, pull itupto AV ..
« If anunused pin isan output pin, handle it in one of the following ways:
O Set the output of the unused pin to high and pull it up to V. with an external resistor of
approximately 100 kQ.
O Set the output of the unused pin to low and pull it down to V  with an external resistor of
approximately 100 kQ.
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Section 9 Timers

9.1 Overview

This LSI provides six timers: timers A, C, F, G, and a watchdog timer, and an asynchronous event
counter. The functions of these timers are outlined in table 9.1.

Table9.1 Timer Functions
Event Waveform
Name Functions Internal Clock Input Pin  Output Pin Remarks
Timer A« 8-bitinterval timer  ¢/8 to $/8192 — —
¢ Interval function (8 choices)
* Time base ¢,/128 (choice of 4
overflow periods)
* Clock output 0/4 to ¢/32 — TMOW
o, 0,/4 0 ¢,/32
(9 choices)
Timer C e 8-bit timer ¢/4 to $/8192, ¢,/4 TMIC — Up-count/down-
* Interval function (7 choices) count
) controllable by
* Event counting software or
function hardware
¢ Up-count/down-
count selectable
Timer F 16-bit timer ¢/4 to ¢/32, ¢,/4 TMIF TMOFL
Event counting (4 choices) TMOFH
function Also usable
as two independent 8-
bit timers Output
compare output
function
Timer G 8-bit timer ¢/2 to ¢/64, ¢,/4 TMIG — e Counter
« Input capture (4 choices) Clegring
function option
* Interval function * Built-in
capture input
signal noise
canceler
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Event Waveform

Name Functions Internal Clock Input Pin  Output Pin Remarks
Watchdog ¢ Reset signal /8192 — —
timer generated when8-bit ¢,,/32

counter overflows
Asynchro- e 16-bit counter — AEVL —
nous ¢ Also usable as two AEVH
event independent 8-bit
counter counters

* Counts events

asynchronous to ¢

and ¢éw
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9.2 Timer A

9.2.1 Overview

Timer A is an 8-bit timer with interval timing and real-time clock time-base functions. The clock
time-base function is available when a 32.768-kHz crystal oscillator is connected. A clock signal
divided from 32.768 kHz, from 38.4 kHz (if a 38.4 kHz crystal oscillator is connected), or from
the system clock, can be output at the TMOW pin.

(1) Features
Features of timer A are given below.

e Choice of eight internal clock sources (¢/8192, ¢/4096, $/2048, ¢/512, /256, ¢/128, ¢/32,
o/8).

e Choice of four overflow periods (1 s, 0.5 s, 0.25 s, 31.25 ms) when timer A is used as a clock
time base (using a 32.768 kHz crystal oscillator).

e An interrupt is requested when the counter overflows.

* Any of nine clock signals can be output at the TMOW pin: 32.768 kHz divided by 32, 16, 8, or
4 (1 kHz, 2 kHz, 4 kHz, 8 kHz, 32,768 kHz) or 38.4 kHz divided by 32, 16, 8, or 4 (1.2 kHz,
2.4 kHz, 4.8 kHz, 9.6 kHz, 38.4 kHz), and the system clock divided by 32, 16, 8, or 4.

e Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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(2) Block Diagram

Figure 9.1 shows a block diagram of timer A.

CWORS |+

Ow 14— PSW
o | TMA - -

(2]

=)

Ke)

©

oy/128 S

©

S

[0}

T™MOW TCA I "=
g‘:’g /8192, 0/4096, 0/2048, | Bl &
o/8 0/512, 0/256, §/128, o J ¥ &
o4 ¢/32, /8 oA A
A A A A

o —— PSS | |<7

Legend:

TMA: Timer mode register A

TCA: Timer counter A

IRRTA:  Timer A overflow interrupt request flag
PSW: Prescaler W

PSS: Prescaler S

CWOSR: Subclock output select register

Note: * Can be selected only when the prescaler W output (¢y/128) is used as the TCA input clock.

Figure9.1 Block Diagram of Timer A
(3) Pin Configuration
Table 9.2 shows the timer A pin configuration.

Table9.2 Pin Configuration

Name Abbr. 110 Function

Clock output TMOW Output Output of waveform generated by timer A output circuit
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(4) Register Configuration

Table 9.3 shows the register configuration of timer A.

Table9.3 Timer A Registers

Name Abbr. R/W Initial Value Address
Timer mode register A TMA R/W H'10 H'FFBO
Timer counter A TCA R H'00 H'FFB1
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
Subclock output select register CWOSR R/W H'FE H'FF92
9.2.2 Register Descriptions
(1) Timer Mode Register A (TMA)

Bit 7 6 5 4 3 2 1 0

‘ TMA7 ‘ TMAG ‘ TMA5 ‘ — ‘ TMA3 ‘ TMA2 ‘ TMAA1 ‘ TMAO
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W R/W

TMA is an 8-bit read/write register for selecting the prescaler, input clock, and output clock.

Upon reset, TMA is initialized to H'10.
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Bits 7 to 5: Clock output select (TMA7 to TMAS)

Bits 7 to 5 choose which of eight clock signals is output at the TMOW pin. The system clock
divided by 32, 16, 8, or 4 can be output in active mode and sleep mode. A 32.768 kHz or 38.4 kHz
signal divided by 32, 16, 8, or 4 can be output in active mode, sleep mode, and subactive mode. ¢,
is output in all modes except the reset state.

CWOSR TMA

Bit 7 Bit 6 Bit 5
CWOSs TMA7 TMA6 TMA5  Clock Output

0 0 0 0 /32 (initial value)
1 /16
1 0 /8
1 o/4
1 0 0 $,/32
1 ¢,/16
1 0 ¢,/8
1 ¢, /4
1 % % % ¢w
*: Don’t care

Bit 4: Reserved bit

Bit 4 is reserved; it is always read as 1, and cannot be modified.
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Bits 3to O: Internal clock select (TMA3 to TMAO)

Bits 3 to O select the clock input to TCA. The selection is made as follows.

Description
Bit 3 Bit 2 Bit 1 Bit 0 Prescaler and Divider Ratio
TMA3 TMA2 TMAl1 TMAO  or Overflow Period Function
0 0 0 0 PSS, ¢/8192 (initial value) Interval timer
1 PSS, ¢/4096
1 0 PSS, ¢/2048
1 PSS, ¢/512
1 0 0 PSS, ¢/256
1 PSS, ¢/128
1 0 PSS, ¢/32
1 PSS, ¢/8
1 0 0 0 PSW, 1s Clock time
T pemoss A
1 0 PSW, 0.25 s kHz)
1 PSW, 0.03125 s
1 0 0 PSW and TCA are reset
1
1 0
1
(2) Timer Counter A (TCA)
Bit 7 6 5 4 3 2 1 0
‘ TCA7 ‘ TCAG6 ‘ TCA5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCA1 ‘ TCAO
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCA is an 8-bit read-only up-counter, which is incremented by internal clock input. The clock
source for input to this counter is selected by bits TMA3 to TMAO in timer mode register A
(TMA). TCA values can be read by the CPU in active mode, but cannot be read in subactive
mode. When TCA overflows, the IRRTA bit in interrupt request register 1 (IRR1) is set to 1.
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TCA is cleared by setting bits TMA3 and TMA2 of TMA to 11.
Upon reset, TCA is initialized to H'00.

(3) Clock Stop Register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0

| — |SS1 CKSTP|SS2CKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

CKSTPRI1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer A is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 0: Timer A module standby mode control (TACKSTP)

Bit O controls setting and clearing of module standby mode for timer A.

TACKSTP  Description

0 Timer A is set to module standby mode

1 Timer A module standby mode is cleared (initial value)

(4) Subclock Output Select Register (CWOSR)

Bit 7 6 5 4 3 2 1 0
- -1 -1 -1 -1 -] - Jcwos|

Initial value 1 1 1 1 1 1 1 0

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

CWORSR is an 8-bit read/write register that selects the clock to be output from the TMOW pin.
CWORSR is initialized to HFE by a reset.
Bits 7 to 1. Reserved bits

Bits 7 to 1 are reserved; they are always read as 1 and cannot be modified.
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Bit 0: TMOW pin clock select (CWOS)

Bit 0 selects the clock to be output from the TMOW pin.

Bit 0

CWOS Description

0 Clock output from timer A is output (see TMA) (initial value)
1 0, is output

9.2.3 Timer Operation
(1) Interval Timer Operation

When bit TMA3 in timer mode register A (TMA) is cleared to O, timer A functions as an 8-bit
interval timer.

Upon reset, TCA is cleared to H'00 and bit TMA3 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer A is selected by bits TMA2 to TMAUO in
TMA; any of eight internal clock signals output by prescaler S can be selected.

After the count value in TCA reaches H'FF, the next clock signal input causes timer A to
overflow, setting bit IRRTA to 1 in interrupt request register 1 (IRR1). If [IENTA =1 in interrupt
enable register 1 (IENR1), a CPU interrupt is requested.™

At overflow, TCA returns to H'00 and starts counting up again. In this mode timer A functions as
an interval timer that generates an overflow output at intervals of 256 input clock pulses.

Note: * For details on interrupts, see section 3.3, Interrupts.
(2) Real-TimeClock Time Base Operation

When bit TMA3 in TMA is set to 1, timer A functions as a real-time clock time base by counting
clock signals output by prescaler W. The overflow period of timer A is set by bits TMA1 and
TMAO in TMA. A choice of four periods is available. In time base operation (TMA3 = 1), setting
bit TMAZ2 to 1 clears both TCA and prescaler W to their initial values of H'00.
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(3) Clock Output

Setting bit TMOW in port mode register 1 (PMR1) to 1 causes a clock signal to be output at pin
TMOW. Nine different clock output signals can be selected by means of bits TMA7 to TMAS in
TMA and bit CWOS in CWOSR. The system clock divided by 32, 16, 8, or 4 can be output in
active mode and sleep mode. A 32.768 kHz or 38.4 kHz signal divided by 32, 16, 8, or 4 can be
output in active mode, sleep mode, watch mode, subactive mode, and subsleep mode. The 32.768
kHz or 38.4 kHz clock is output in all modes except the reset state.

9.24 Timer A Operation States
Table 9.4 summarizes the timer A operation states.

Table9.4 Timer A Operation States

Sub- Sub- Module

Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCA Interval Reset Functions Functions Halted Halted Halted Halted Halted
Clock time base Reset Functions Functions Functions Functions Functions Halted Halted

TMA CWOSR Reset Functions Retained Retained Functions Retained Retained Retained

Note: When the real-time clock time base function is selected as the internal clock of TCA in
active mode or sleep mode, the internal clock is not synchronous with the system clock, so
it is synchronized by a synchronizing circuit. This may result in a maximum error of 1/ (s) in
the count cycle.

9.25 Application Note

When bit 0 (TACKSTP) of the clock stop register 1 (CKSTPR1) is cleared to 0, bit 3 (TMA3) of
the timer mode register A (TMA) cannot be rewritten.

Set bit 0 (TACKSTP) of the clock stop register 1 (CKSTPR1) to 1 before rewriting bit 3 (TMA3)
of the timer mode register A (TMA).
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9.3 Timer C

9.3.1 Overview

Timer C is an 8-bit timer that increments each time a clock pulse is input. This timer has two
operation modes, interval and auto reload.

(1) Features
Features of timer C are given below.

¢ Choice of seven internal clock sources (¢/8192, ¢/2048, ¢/512, /64, ¢/16, ¢/4, ¢w/4) or an
external clock (can be used to count external events).

e An interrupt is requested when the counter overflows.

e Up/down-counter switching is possible by hardware or software.

e Subactive mode and subsleep mode operation is possible when ¢w/4 is selected as the internal
clock, or when an external clock is selected.

e Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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(2) Block Diagram

Figure 9.2 shows a block diagram of timer C.

N
TMC
|
(2]
2
ub o %
©
_L s
£
TCC — 2
TMIC ©
TLC
ow/4
AN
— IRRTC
Legend:
TMC: Timer mode register C
TCC: Timer counter C
TLC: Timer load register C
IRRTC: Timer C overflow interrupt request flag
PSS: Prescaler S
Figure9.2 Block Diagram of Timer C
(3) Pin Configuration
Table 9.5 shows the timer C pin configuration.
Table9.5 Pin Configuration
Name Abbr. 1/0 Function
Timer C event input TMIC Input Input pin for event input to TCC
Timer C up/down-count selection ub Input Timer C up/down select
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(4) Register Configuration
Table 9.6 shows the register configuration of timer C.

Table9.6 Timer C Registers

Name Abbr. R/W Initial Value Address
Timer mode register C T™MC R/W H'18 H'FFB4
Timer counter C TCC R H'00 H'FFB5
Timer load register C TLC W H'00 H'FFB5
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA

932 Register Descriptions

(1) Timer Mode Register C (TMC)

Bit 7 6 5 4 3 2 1 0

‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMCAH ‘ TMCO
Initial value 0 0 0 1 1 0 0 0
Read/Write R/W R/W R/W — — R/W R/W R/W

TMC is an 8-bit read/write register for selecting the auto-reload function and input clock, and
performing up/down-counter control.

Upon reset, TMC is initialized to H'18.
Bit 7: Auto-reload function select (TMC7)

Bit 7 selects whether timer C is used as an interval timer or auto-reload timer.

Bit 7

TMC7 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected
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Bits 6 and 5: Counter up/down control (TMC6, TMC5)

Selects whether TCC up/down control is performed by hardware using UD pin input, or whether
TCC functions as an up-counter or a down-counter.

Bit 6 Bit 5

TMC6 TMC5 Description

0 0 TCC is an up-counter (initial value)
0 1 TCC is a down-counter

1 * Hardware control by UD pin input

UD pin input high: Down-counter
UD pin input low: Up-counter

*: Don’t care

Bits4 and 3: Reserved bits
Bits 4 and 3 are reserved; they are always read as 1 and cannot be modified.
Bits 2to 0: Clock select (TMC2 to TMCO)

Bits 2 to 0 select the clock input to TCC. For external event counting, either the rising or falling
edge can be selected.

Bit 2 Bit 1 Bit 0

TMC2 TMC1 TMCO Description

0 0 0 Internal clock: ¢/8192 (initial value)
0 0 1 Internal clock: ¢/2048

0 1 0 Internal clock: ¢/512

0 1 1 Internal clock: ¢/64

1 0 0 Internal clock: ¢/16

1 0 1 Internal clock: ¢/4

1 1 0 Internal clock: ow/4

1 1 1 External event (TMIC): rising or falling edge™

Note: * The edge of the external event signal is selected by bit IEG1 in the IRQ edge select
register (IEGR). See (1) IRQ Edge Select Register (IEGR) in 3.3.2, Interrupt Control
Registers, for details. IRQ1 must be set to 1 in port mode register 1 (PMR1) before
setting 111 in bits TMC2 to TMCO.
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(2) Timer Counter C (TCC)

Bit 7 6 5 4 3 > 1 0
| TCC7 | TCCe | TCCs | TCCa | TCCa | TCC2 | TCC1 | TCCO

Initial value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R

TCC is an 8-bit read-only up-counter, which is incremented by internal clock or external event
input. The clock source for input to this counter is selected by bits TMC2 to TMCO in timer mode
register C (TMC). TCC values can be read by the CPU at any time.

When TCC overflows from H'FF to H'0O0 or to the value set in TLC, or underflows from H'00 to
H'FF or to the value set in TLC, the IRRTC bit in IRR2 is set to 1.

TCC is allocated to the same address as TLC.
Upon reset, TCC is initialized to H'00.

(3) Timer Load Register C (TLC)

Bit 7 6 5 4 3 2 1 0

‘ TLC7 ‘ TLC6 ‘ TLC5 ‘ TLC4 ‘ TLC3 ‘ TLC2 ‘ TLCA ‘ TLCO
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w w w w w

TLC is an 8-bit write-only register for setting the reload value of timer counter C (TCC).

When a reload value is set in TLC, the same value is loaded into timer counter C as well, and TCC
starts counting up from that value. When TCC overflows or underflows during operation in auto-
reload mode, the TLC value is loaded into TCC. Accordingly, overflow/underflow periods can be
set within the range of 1 to 256 input clocks.

The same address is allocated to TLC as to TCC.

Upon reset, TLC is initialized to H'00.
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(4) Clock Stop Register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0

| — |SS1 CKSTP|8320KSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

CKSTPR1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer C is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 1: Timer C module standby mode control (TCCKSTP)
Bit 1 controls setting and clearing of module standby mode for timer C.

TCCKSTP  Description

0 Timer C is set to module standby mode

1 Timer C module standby mode is cleared (initial value)

9.33 Timer Operation
(1) Interval Timer Operation

When bit TMC7 in timer mode register C (TMC) is cleared to 0, timer C functions as an 8-bit
interval timer.

Upon reset, TCC is initialized to H'00 and TMC to H'18, so TCC continues up-counting as an
interval up-counter without halting immediately after a reset. The timer C operating clock is
selected from seven internal clock signals output by prescalers S and W, or an external clock input
at pin TMIC. The selection is made by bits TMC2 to TMCO in TMC.

TCC up/down-count control can be performed either by software or hardware. The selection is
made by bits TMC6 and TMCS in TMC.

After the count value in TCC reaches H'FF (H'00), the next clock input causes timer C to overflow
(underflow), setting bit IRRTC to 1 in IRR2. If IENTC = 1 in interrupt enable register 2 (IENR2),
a CPU interrupt is requested.

At overflow (underflow), TCC returns to H'00 (H'FF) and starts counting up (down) again.
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During interval timer operation (TMC7 = 0), when a value is set in timer load register C (TLC),
the same value is set in TCC.

Note: For details on interrupts, see section 3.3, Interrupts.
(2) Auto-Reload Timer Operation

Setting bit TMC7 in TMC to 1 causes timer C to function as an 8-bit auto-reload timer. When a
reload value is set in TLC, the same value is loaded into TCC, becoming the value from which
TCC starts its count.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causes timer C to
overflow/underflow. The TLC value is then loaded into TCC, and the count continues from that
value. The overflow/underflow period can be set within a range from 1 to 256 input clocks,
depending on the TLC value.

The clock sources, up/down control, and interrupts in auto-reload mode are the same as in interval
mode.

In auto-reload mode (TMC7 = 1), when a new value is set in TLC, the TLC value is also set in
TCC.

(3) Event Counter Operation

Timer C can operate as an event counter, counting rising or falling edges of an external event
signal input at pin TMIC. External event counting is selected by setting bits TMC2 to TMCO in
timer mode register C to all 1s (111).

When timer C is used to count external event input, bit IRQ1 in PMR1 should be set to 1 and bit
IEN1 in IENRI1 cleared to O to disable interrupt IRQ, requests.

(4) TCC Up/Down Control by Hardware

With timer C, TCC up/down control can be performed by UD pin input. When bit TMC6 is set to
1 in TMC, TCC functions as an up-counter when UD pin input is high, and as a down-counter
when low.

When using UD pin input, set bit UD to 1 in PMR3.
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9.34 Timer C Operation States
Table 9.7 summarizes the timer C operation states.

Table9.7 Timer C Operation States

Sub- Sub-sleep Module
Operation Mode  Reset Active Sleep Watch active Standby Standby
TCC Interval Reset  Functions Functions Halted Functions/ Functions/ Halted Halted

Halted®  Halted™

Auto reload Reset Functions Functions Halted Functions/ Functions/ Halted Halted
Halted®  Halted®

TMC Reset  Functions Retained Retained Functions Retained Retained Retained

Note: * When ¢w/4 is selected as the TCC internal clock in active mode or sleep mode, since
the system clock and internal clock are mutually asynchronous, synchronization is
maintained by a synchronization circuit. This results in a maximum count cycle error of
1/¢ (s). When the counter is operated in subactive mode or subsleep mode, either
select ow/4 as the internal clock or select an external clock. The counter will not operate
on any other internal clock. If ¢w/4 is selected as the internal clock for the counter when
¢w/8 has been selected as subclock ¢, the lower 2 bits of the counter operate on the
same cycle, and the operation of the least significant bit is unrelated to the operation of
the counter.
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9.35 Usage Note
Note the following regarding the operation of timer C.

(1) Counting errors caused by external event input

Timer counter errors may occur under the following conditions.

Conditions

* An external event (TMIC) is used in subsleep mode.

Symptom

¢ The counter increments or decrements twice for a single external event input.

Approximate rate of occurrence

The approximate rate of occurrence in cases where the external event input is not
synchronized with internal operation is defined by the following equation.

Approximate rate of occurrence P = 30 ns / tsubcyc

For example, if tsubcyc = 61.06 ps (subclock ¢w/2), P = 0.0005 (0.05%). If 2,000 external
event inputs occur, there is a likelihood that one of them will cause the counter to
increment or decrement twice (+2 or —2).

The symptom described is caused by the internal circuit configuration of the device and
therefore difficult to avoid. Therefore, it is not advisable to use the clock counter for
applications requiring a high degree of accuracy.
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94 Timer F

9.4.1 Overview

Timer F is a 16-bit timer with a built-in output compare function. As well as counting external
events, timer F also provides for counter resetting, interrupt request generation, toggle output, etc.,
using compare match signals. Timer F can also be used as two independent 8-bit timers (timer FH
and timer FL).

(1) Features
Features of timer F are given below.

e Choice of four internal clock sources (¢/32, ¢/16, ¢/4, dw/4) or an external clock (can be used
as an external event counter)

e TMOFH pin (TMOFL pin) toggle output provided using a single compare match signal (toggle
output initial value can be set)

e Counter resetting by a compare match signal
e Two interrupt sources: one compare match, one overflow

e (Can operate as two independent 8-bit timers (timer FH and timer FL) (in 8-bit mode).

Timer FL
Timer FH 8-Bit Timer™ 8-Bit Timer/Event Counter
Internal clock Choice of 4 (¢/32, 0/16, ¢/4, ow/4)
Event input — TMIF pin
Toggle output One compare match signal, outputto  One compare match signal, output to
TMOFH pin(initial value settable) TMOFL pin (initial value settable)
Counter reset Counter can be reset by compare match signal

Interrupt sources  One compare match
One overflow

Note: * When timer F operates as a 16-bit timer, it operates on the timer FL overflow signal.

e Operation in watch mode, subactive mode, and subsleep mode
When ¢w/4 is selected as the internal clock, timer F can operate in watch mode, subactive
mode, and subsleep mode.

e Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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(2) Block Diagram

Figure 9.3 shows a block diagram of timer F.
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Figure9.3 Block Diagram of Timer F
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(3) Pin Configuration

Table 9.8 shows the timer F pin configuration.

Table9.8 Pin Configuration

Name Abbr. /0 Function

Timer F event input TMIF Input Event input pin for input to TCFL
Timer FH output TMOFH Output Timer FH toggle output pin
Timer FL output TMOFL Output Timer FL toggle output pin

(4) Register Configuration

Table 9.9 shows the register configuration of timer F.

Table9.9 Timer F Registers

Name Abbr. R/W Initial Value Address
Timer control register F TCRF w H'00 H'FFB6
Timer control/status register F TCSRF R/W H'00 H'FFB7
8-bit timer counter FH TCFH R/W H'00 H'FFB8
8-bit timer counter FL TCFL R/W H'00 H'FFB9
Output compare register FH OCRFH R/W H'FF H'FFBA
Output compare register FL OCRFL R/W H'FF H'FFBB
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
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9.4.2 Register Descriptions

(1) 16-bit Timer Counter (TCF)
8-bit Timer Counter (TCFH)
8-bit Timer Counter (TCFL)

T 1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0O 0 O 0 0 0 0 0 0O 0 O 0 0

Read/Write ~ R/W R/W R/W R/W R/W R/W R/W RW RW RW RW RW RW R/W R/W R/W,
TCFH TCFL

TCF is a 16-bit read/write up-counter configured by cascaded connection of 8-bit timer counters
TCFH and TCFL. In addition to the use of TCF as a 16-bit counter with TCFH as the upper 8 bits
and TCFL as the lower 8 bits, TCFH and TCFL can also be used as independent 8-bit counters.

TCFH and TCFL can be read and written by the CPU, but when they are used in 16-bit mode, data
transfer to and from the CPU is performed via a temporary register (TEMP). For details of TEMP,
see section 9.4.3, CPU Interface.

TCFH and TCFL are each initialized to H'00 upon reset.

a. 16-bit mode (TCF)
When CKSH2 is cleared to 0 in TCRF, TCF operates as a 16-bit counter. The TCF input clock
is selected by bits CKSL2 to CKSLO in TCRF.
TCF can be cleared in the event of a compare match by means of CCLRH in TCSRF.
‘When TCF overflows from H'FFFF to H'0000, OVFH is set to 1 in TCSRF. If OVIEH in
TCSRF is 1 at this time, IRRTFH is set to 1 in IRR2, and if IENTFH in IENR2 is 1, an
interrupt request is sent to the CPU.

b. 8-bit mode (TCFL/TCFH)
When CKSH2 is set to 1 in TCRF, TCFH and TCFL operate as two independent 8-bit
counters. The TCFH (TCFL) input clock is selected by bits CKSH2 to CKSHO (CKSL2 to
CKSLO) in TCRF.
TCFH (TCFL) can be cleared in the event of a compare match by means of CCLRH (CCLRL)
in TCSRF.
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‘When TCFH (TCFL) overflows from H'FF to H'00, OVFH (OVFL) is set to 1 in TCSRF. If
OVIEH (OVIEL) in TCSRF is 1 at this time, IRRTFH (IRRTFL) is set to 1 in IRR2, and if
IENTFH (IENTFL) in IENR?2 is 1, an interrupt request is sent to the CPU.

(2) 16-bit Output Compare Register (OCRF)
8-bit Output Compar e Register (OCRFH)
8-bit Output Compar e Register (OCRFL)

OCRF
T 1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write  R/W RW RW R/W RW R/W RW RIW R/W RW R/W RW RIW RW RW R/W
OCRFH OCRFL

OCREF is a 16-bit read/write register composed of the two registers OCRFH and OCRFL. In
addition to the use of OCREF as a 16-bit register with OCRFH as the upper 8 bits and OCRFL as
the lower 8 bits, OCRFH and OCRFL can also be used as independent 8-bit registers.

OCRFH and OCRFL can be read and written by the CPU, but when they are used in 16-bit mode,
data transfer to and from the CPU is performed via a temporary register (TEMP). For details of
TEMP, see section 9.4.3, CPU Interface.

OCRFH and OCRFL are each initialized to H'FF upon reset.

a. 16-bit mode (OCRF)
When CKSH2 is cleared to 0 in TCRF, OCRF operates as a 16-bit register. OCRF contents are
constantly compared with TCF, and when both values match, CMFH is set to 1 in TCSRF. At
the same time, IRRTFH is set to 1 in IRR2. If IENTFH in IENR?2 is 1 at this time, an interrupt
request is sent to the CPU.
Toggle output can be provided from the TMOFH pin by means of compare matches, and the
output level can be set (high or low) by means of TOLH in TCRF.

b. 8-bit mode (OCRFH/OCRFL)
When CKSH2 is set to 1 in TCRF, OCRFH and OCRFL operate as two independent 8-bit
registers. OCRFH contents are compared with TCFH, and OCRFL contents are with TCFL.
When the OCRFH (OCRFL) and TCFH (TCFL) values match, CMFH (CMFL) is set to 1 in
TCSREF. At the same time, IRRTFH (IRRTFL) is set to 1 in IRR2. If IENTFH (IENTFL) in
IENR?2 is 1 at this time, an interrupt request is sent to the CPU.
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Toggle output can be provided from the TMOFH pin (TMOFL pin) by means of compare
matches, and the output level can be set (high or low) by means of TOLH (TOLL) in TCRF.

(3) Timer Control Register F (TCRF)

Bit 7 6 5 4 3 2 1 0

| TOLH | CKSH2 | CKSH1 | CKSHO | TOLL | CKSL2 | CKSL1 | CKSLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

TCREF is an 8-bit write-only register that switches between 16-bit mode and 8-bit mode, selects the
input clock from among four internal clock sources or external event input, and sets the output
level of the TMOFH and TMOFL pins.

TCREF is initialized to H'00 upon reset.
Bit 7: Toggle output level H (TOLH)

Bit 7 sets the TMOFH pin output level. The output level is effective immediately after this bit is

written.

Bit 7

TOLH Description

0 Low level (initial value)
1 High level
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Bits 6 to 4. Clock select H (CKSH2 to CKSHO)

Bits 6 to 4 select the clock input to TCFH from among four internal clock sources or TCFL
overflow.

Bit 6 Bit 5 Bit 4

CKSH2 CKSH1 CKSHO Description

0 0 0 16-bit mode, counting on TCFL overflow signal  (initial value)
0 0 1

0 1 0

0 1 1 Use prohibited

1 0 0 Internal clock: Counting on ¢/32

1 0 1 Internal clock: Counting on ¢/16

1 1 0 Internal clock: Counting on ¢/4

1 1 1 Internal clock: Counting on ¢w/4

Bit 3: Toggle output level L (TOLL)

Bit 3 sets the TMOFL pin output level. The output level is effective immediately after this bit is
written.

Bit 3

TOLL Description

0 Low level (initial value)
1 High level
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Bits 2 to 0: Clock select L (CKSL2 to CKSLO0)

Bits 2 to 0 select the clock input to TCFL from among four internal clock sources or external
event input.

Bit 2 Bit 1 Bit 0

CKSL2 CKsSL1 CKSLO Description

0 0 0 Counting on external event (TMIF) rising/falling edge™

0 0 1 (initial value)
0 1 0

0 1 1 Use prohibited

1 0 0 Internal clock: Counting on ¢/32

1 0 1 Internal clock: Counting on ¢/16

1 1 0 Internal clock: Counting on ¢/4

1 1 1 Internal clock: Counting on ¢w/4

Note: * External event edge selection is set by IEG3 in the IRQ edge select register (IEGR). For
details, see (1) IRQ Edge Select Register (IEGR) in section 3.3.2, Interrupt Control
Registers.
Note that the timer F counter may increment if the setting of IRQ3 in port mode register
1 (PMR1) is changed from 0 to 1 while the TMIF pin is low in order to change the TMIF
pin function.

(4) Timer Control/Status Register F (TCSRF)

Bit 7 6 5 4 3 2 1 0
| OVFH | CMFH | OVIEH | CCLRH | OVFL | CMFL | OVIEL | CCLRL ‘
Initial value 0 0 0 0 0 0 0 0

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

Note: * Bits 7, 6, 3, and 2 can only be written with O, for flag clearing.

TCSREF is an 8-bit read/write register that performs counter clear selection, overflow flag setting,
and compare match flag setting, and controls enabling of overflow interrupt requests.

TCSREF is initialized to H'00 upon reset.
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Bit 7: Timer overflow flag H (OVFH)

Bit 7 is a status flag indicating that TCFH has overflowed from H'FF to H'00. This flag is set by

hardware and cleared by software. It cannot be set by software.

Bit 7

OVFH Description

0 Clearing condition: (initial value)
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting condition:

Set when TCFH overflows from H’FF to H’'00

Bit 6: Compare match flag H (CMFH)

Bit 6 is a status flag indicating that TCFH has matched OCRFH. This flag is set by hardware and

cleared by software. It cannot be set by software.

Bit 6

CMFH Description

0 Clearing condition: (initial value)
After reading CMFH = 1, cleared by writing 0 to CMFH

1 Setting condition:
Set when the TCFH value matches the OCRFH value

Bit 5: Timer overflow interrupt enable H (OVIEH)

Bit 5 selects enabling or disabling of interrupt generation when TCFH overflows.

Bit 5

OVIEH Description

0 TCFH overflow interrupt request is disabled (initial value)

1 TCFH overflow interrupt request is enabled
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Bit 4: Counter clear H (CCLRH)

In 16-bit mode, bit 4 selects whether TCF is cleared when TCF and OCRF match.

In 8-bit mode, bit 4 selects whether TCFH is cleared when TCFH and OCRFH match.

Bit 4
CCLRH Description
0 16-bit mode: TCF clearing by compare match is disabled
8-bit mode: TCFH clearing by compare match is disabled (initial value)

16-bit mode: TCF clearing by compare match is enabled
8-bit mode: TCFH clearing by compare match is enabled

Bit 3: Timer overflow flag L. (OVFL)

Bit 3 is a status flag indicating that TCFL has overflowed from H'FF to H'00. This flag is set by
hardware and cleared by software. It cannot be set by software.

Bit 3
OVFL Description
0 Clearing condition: (initial value)

After reading OVFL = 1, cleared by writing 0 to OVFL

Setting condition:
Set when TCFL overflows from H’FF to H'00

Bit 2: Compare match flag L (CMFL)

Bit 2 is a status flag indicating that TCFL has matched OCRFL. This flag is set by hardware and
cleared by software. It cannot be set by software.

Bit 2
CMFL Description
0 Clearing condition: (initial value)

After reading CMFL = 1, cleared by writing 0 to CMFL

Setting condition:
Set when the TCFL value matches the OCRFL value
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Bit 1: Timer overflow interrupt enable L (OVIEL)

Bit 1 selects enabling or disabling of interrupt generation when TCFL overflows.

Bit 1

OVIEL Description

0 TCFL overflow interrupt request is disabled (initial value)
1 TCFL overflow interrupt request is enabled

Bit O: Counter clear L (CCLRL)

Bit 0 selects whether TCFL is cleared when TCFL and OCRFL match.

Bit 0

CCLRL Description

0 TCFL clearing by compare match is disabled (initial value)
1 TCFL clearing by compare match is enabled

(5) Clock Stop Register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0
| — |831 CKSTP|8320KSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP ‘
Initial value 1 1 1 1 1 1 1 1

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

CKSTPRI1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer F is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 2: Timer F module standby mode control (TFCKSTP)
Bit 2 controls setting and clearing of module standby mode for timer F.

TFCKSTP  Description

0 Timer F is set to module standby mode

1 Timer F module standby mode is cleared (initial value)
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94.3 CPU Interface

TCF and OCREF are 16-bit read/write registers, but the CPU is connected to the on-chip peripheral
modules by an 8-bit data bus. When the CPU accesses these registers, it therefore uses an 8-bit
temporary register (TEMP).

In 16-bit mode, TCF read/write access and OCRF write access must be performed 16 bits at a time
(using two consecutive byte-size MOV instructions), and the upper byte must be accessed before
the lower byte. Data will not be transferred correctly if only the upper byte or only the lower byte
is accessed.

In 8-bit mode, there are no restrictions on the order of access.
(1) Write Access

Write access to the upper byte results in transfer of the upper-byte write data to TEMP. Next, write
access to the lower byte results in transfer of the data in TEMP to the upper register byte, and
direct transfer of the lower-byte write data to the lower register byte.

Rev. 1.00 May 30, 2008 Page 235 of 484
RENESAS REJ09B0436-0100



Section 9 Timers

Figure 9.4 shows an example in which H'AASS is written to TCF.

Write to upper byte

Module data bus

Bus
interface

CPU
(H'AA)

TEMP
(HAA)

~z 9

TCFH TCFL
C ) C )

Write to lower byte

Bus Module data bus
interface

CPU
(H'55)

TCFH TCFL
(HAA) (H'55)

Figure9.4 Write Accessto TCR (CPU — TCF)

(2) Read Access

In access to TCF, when the upper byte is read the upper-byte data is transferred directly to the
CPU and the lower-byte data is transferred to TEMP. Next, when the lower byte is read, the lower-

byte data in TEMP is transferred to the CPU.

In access to OCRF, when the upper byte is read the upper-byte data is transferred directly to the
CPU. When the lower byte is read, the lower-byte data is transferred directly to the CPU.
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Figure 9.5 shows an example in which TCF is read when it contains H'AAFF.

Read upper byte

Module data bus
CPU

(H'AA)

Bus
interface

Read lower byte

CPU Bus Module data bus
(HIFF) interface

TEMP
(HFF)
TCFH TCFL
(AB)* (00)*

Note: * H'ABOO if counter has been updated once.

Figure9.5 Read Accessto TCF (TCF — CPU)

9.4.4 Operation

Timer F is a 16-bit counter that increments on each input clock pulse. The timer F value is
constantly compared with the value set in output compare register F, and the counter can be
cleared, an interrupt requested, or port output toggled, when the two values match. Timer F can
also function as two independent 8-bit timers.
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(1) Timer F Operation

Timer F has two operating modes, 16-bit timer mode and 8-bit timer mode. The operation in each
of these modes is described below.

a. Operation in 16-bit timer mode

When CKSH2 is cleared to O in timer control register F (TCRF), timer F operates as a 16-bit
timer.

Following a reset, timer counter F (TCF) is initialized to H'0000, output compare register F
(OCREF) to H'FFFF, and timer control register F (TCRF) and timer control/status register F
(TCSREF) to H'00. The counter starts incrementing on external event (TMIF) input. The
external event edge selection is set by IEG3 in the IRQ edge select register IEGR).

The timer F operating clock can be selected from four internal clocks or an external clock by
means of bits CKSL2 to CKSLO in TCRF.

OCREF contents are constantly compared with TCF, and when both values match, CMFH is set
to 1 in TCSRF. If IENTFH in IENR?2 is 1 at this time, an interrupt request is sent to the CPU,
and at the same time, TMOFH pin output is toggled. If CCLRH in TCSRF is 1, TCF is cleared.
TMOFH pin output can also be set by TOLH in TCRF.

When TCF overflows from H'FFFF to H'0000, OVFH is set to 1 in TCSRF. If OVIEH in
TCSRF and IENTFH in IENR?2 are both 1, an interrupt request is sent to the CPU.

b. Operation in 8-bit timer mode

When CKSH2 is set to 1 in TCRF, TCF operates as two independent 8-bit timers, TCFH and
TCFL. The TCFH/TCFL input clock is selected by CKSH2 to CKSHO/CKSL2 to CKSLO in
TCRF.

When the OCRFH/OCRFL and TCFH/TCFL values match, CMFH/CMFL is set to 1 in
TCSRF. If IENTFH/IENTFL in IENR?2 is 1, an interrupt request is sent to the CPU, and at the
same time, TMOFH pin/TMOFL pin output is toggled. If CCLRH/CCLRL in TCSRF is 1,
TCFH/TCFL is cleared. TMOFH pin/TMOFL pin output can also be set by TOLH/TOLL in
TCREF.

When TCFH/TCFL overflows from H'FF to H'00, OVFH/OVFL is set to 1 in TCSRF. If
OVIEH/OVIEL in TCSRF and IENTFH/IENTFL in IENR?2 are both 1, an interrupt request is
sent to the CPU.
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(2) TCFIncrement Timing
TCEF is incremented by clock input (internal clock or external event input).

a. Internal clock operation
Bits CKSH2 to CKSHO or CKSL2 to CKSLO in TCREF select one of four internal clock
sources (0/32, $/16, ¢/4, or pw/4) created by dividing the system clock (¢ or ow).

b. External event operation

External event input is selected by clearing CKSL2 to 0 in TCRF. TCF can increment on either
the rising or falling edge of external event input. External event edge selection is set by IEG3
in the interrupt controller’s IEGR register. An external event pulse width of at least 2 system
clocks (¢) is necessary. Shorter pulses will not be counted correctly.

(3) TMOFH/TMOFL Output Timing

In TMOFH/TMOFL output, the value set in TOLH/TOLL in TCRF is output. The output is
toggled by the occurrence of a compare match. Figure 9.6 shows the output timing.

o LT LT LWL L
ook (o [ («
O w v K e )
I I

Compare match
signal

TMOFH TMOFL " " |

~
N
N
N

N
NN

Figure9.6 TMOFH/TMOFL Output Timing
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(4) TCF Clear Timing

TCF can be cleared by a compare match with OCRF.

(5) Timer Overflow Flag (OVF) Set Timing

OVF is set to 1 when TCF overflows from H'FFFF to H'0000.
(6) CompareMatch Flag set Timing

The compare match flag (CMFH or CMFL) is set to 1 when the TCF and OCRF values match.
The compare match signal is generated in the last state during which the values match (when TCF
is updated from the matching value to a new value). When TCF matches OCRF, the compare
match signal is not generated until the next counter clock.

(7) Timer F Operation Modes
Timer F operation modes are shown in table 9.10.

Table9.10 Timer F Operation M odes

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCF Reset  Functions Functions Functions/ Functions/ Functions/ Halted Halted
Halted®  Halted®  Halted®
OCRF Reset  Functions Held Held Functions Held Held Held
TCRF Reset  Functions Held Held Functions Held Held Held
TCSRF Reset  Functions Held Held Functions Held Held Held

Note: * When ¢ /4 is selected as the TCF internal clock in active mode or sleep mode, since the
system clock and internal clock are mutually asynchronous, synchronization is
maintained by a synchronization circuit. This results in a maximum count cycle error of
1/¢ (s). When the counter is operated in subactive mode, watch mode, or subsleep
mode, ¢,/4 must be selected as the internal clock. The counter will not operate if any
other internal clock is selected.
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945 Application Notes
The following types of contention and operation can occur when timer F is used.
(1) 16-bit Timer Mode

In toggle output, TMOFH pin output is toggled when all 16 bits match and a compare match
signal is generated. If a TCRF write by a MOV instruction and generation of the compare match
signal occur simultaneously, TOLH data is output to the TMOFH pin as a result of the TCRF
write. TMOFL pin output is unstable in 16-bit mode, and should not be used; the TMOFL pin
should be used as a port pin.

If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal is invalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. As the compare match signal is output in
synchronization with the TCFL clock, a compare match will not result in compare match signal
generation if the clock is stopped.

Compare match flag CMFH is set when all 16 bits match and a compare match signal is generated.
Compare match flag CMFL is set if the setting conditions for the lower 8 bits are satisfied.

When TCF overflows, OVFH is set. OVFL is set if the setting conditions are satisfied when the
lower 8 bits overflow. If a TCFL write and overflow signal output occur simultaneously, the
overflow signal is not output.

(2) 8-bhit Timer Mode

a. TCFH, OCRFH
In toggle output, TMOFH pin output is toggled when a compare match occurs. If a TCRF write
by a MOV instruction and generation of the compare match signal occur simultaneously,
TOLH data is output to the TMOFH pin as a result of the TCRF write.
If an OCRFH write and compare match signal generation occur simultaneously, the compare
match signal is invalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. The compare match signal is output in
synchronization with the TCFH clock.
If a TCFH write and overflow signal output occur simultaneously, the overflow signal is not
output.
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b. TCFL, OCRFL

In toggle output, TMOFL pin output is toggled when a compare match occurs. If a TCRF write
by a MOV instruction and generation of the compare match signal occur simultaneously,
TOLL data is output to the TMOFL pin as a result of the TCRF write.

If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal is invalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. As the compare match signal is output in
synchronization with the TCFL clock, a compare match will not result in compare match
signal generation if the clock is stopped.

If a TCFL write and overflow signal output occur simultaneously, the overflow signal is not
output.

(3) Clear Timer FH, Timer FL Interrupt Request Flags (IRRTFH, IRRTFL),
Timer Overflow FlagsH, L (OVFH, OVFL) and Compare Match FlagsH, L
(CMFH, CMFL)

When ¢w/4 is selected as the internal clock, “Interrupt factor generation signal” will be operated
with 0w and the signal will be outputted with ¢w width. And, “Overflow signal” and “Compare
match signal” are controlled with 2 cycles of ¢w signals. Those signals are outputted with 2 cycles
width of ¢w (figure 9.7)

In active (high-speed, medium-speed) mode, even if you cleared interrupt request flag during the
term of validity of “Interrupt factor generation signal”, same interrupt request flag is set. (figure
9.7 (1)) And, you cannot be cleared timer overflow flag and compare match flag during the term
of validity of “Overflow signal” and “Compare match signal”.

For interrupt request flag is set right after interrupt request is cleared, interrupt process to one time
timer FH, timer FL interrupt might be repeated. (figure 9.7 (2)) Therefore, to definitely clear
interrupt request flag in active (high-speed, medium-speed) mode, clear should be processed after
the time that calculated with below (1) formula. And, to definitely clear timer overflow flag and
compare match flag, clear should be processed after read timer control status register F (TCSRF)
after the time that calculated with below (1) formula. For ST of (1) formula, please substitute the
longest number of execution states in used instruction. (10 states of RTE instruction when
MULXU, DIVXU instruction is not used, 14 states when MULXU, DIVXU instruction is used) In
subactive mode, there are not limitation for interrupt request flag, timer overflow flag, and
compare match flag clear.
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The term of validity of “Interrupt factor generation signal”

=1 cycle of ¢w + waiting time for completion of executing instruction
+ interrupt time synchronized with ¢ = 1/¢w + ST x (1/0) + (2/0) (second).....(1)

ST: Executing number of execution states
Method 1 is recommended to operate for time efficiency.

Method 1
1. Prohibit interrupt in interrupt handling routine (set IENFH, IENFL to 0).

2. After program process returned normal handling, clear interrupt request flags (IRRTFH,
IRRTFL) after more than that calculated with (1) formula.

3. After read timer control status register F (TCSRF), clear timer overflow flags (OVFH,
OVFL) and compare match flags (CMFH, CMFL).

4. Operate interrupt permission (set [IENFH, IENFL to 1).

Method 2
1. Set interrupt handling routine time to more than time that calculated with (1) formula.
2. Clear interrupt request flags (IRRTFH, IRRTFL) at the end of interrupt handling routine.

3. After read timer control status register F (TCSRF), clear timer overflow flags (OVFH,
OVFL) and compare match flags (CMFH, CMFL).

All above attentions are also applied in 16-bit mode and 8-bit mode.
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Figure9.7 Clear Interrupt Request Flag when Interrupt Factor Generation Signal isValid
(4) Timer Counter (TCF) Read/Write

When ¢w/4 is selected as the internal clock in active (high-speed, medium-speed) mode, write on
TCF is impossible. And, when read TCF, as the system clock and internal clock are mutually
asynchronous, TCF synchronizes with synchronization circuit. This results in a maximum TCF
read value error of £1.

When read/write TCF in active (high-speed, medium-speed) mode is needed, please select internal
clock except for ow/4 before read/write.

In subactive mode, even ¢w/4 is selected as the internal clock, normal read/write TCF is possible.
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95 Timer G

95.1 Overview

Timer G is an 8-bit timer with dedicated input capture functions for the rising/falling edges of
pulses input from the input capture input pin (input capture input signal). High-frequency
component noise in the input capture input signal can be eliminated by a noise canceler, enabling
accurate measurement of the input capture input signal duty cycle. If input capture input is not set,
timer G functions as an 8-bit interval timer.

(1) Features
Features of timer G are given below.

e Choice of four internal clock sources (¢/64, $/32, ¢/2, dw/4)

e Dedicated input capture functions for rising and falling edges

e Level detection at counter overflow
It is possible to detect whether overflow occurred when the input capture input signal was high
or when it was low.

e Selection of whether or not the counter value is to be cleared at the input capture input signal
rising edge, falling edge, or both edges

e Two interrupt sources: one input capture, one overflow. The input capture input signal rising or
falling edge can be selected as the interrupt source.

e A built-in noise canceler eliminates high-frequency component noise in the input capture input
signal.

e Watch mode, subactive mode and subsleep mode operation is possible when ¢w/4 is selected
as the internal clock.

e Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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(2) Block Diagram

Figure 9.8 shows a block diagram of timer G.
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Legend:
TMG:  Timer mode register G
TCG: Timer counter G
ICRGF: Input capture register GF
ICRGR: Input capture register GR
IRRTG: Timer G interrupt request flag
NCS: Noise canceler select
PSS:  Prescaler S
Figure9.8 Block Diagram of Timer G
(3) Pin Configuration
Table 9.11 shows the timer G pin configuration.
Table9.11 Pin Configuration
Name Abbr. I/O Function
Input capture input TMIG Input Input capture input pin
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(4) Register Configuration
Table 9.12 shows the register configuration of timer G.

Table9.12 Timer G Registers

Name Abbr. R/W Initial Value Address
Timer control register G T™MG R/W H'00 H'FFBC
Timer counter G TCG — H'00 —

Input capture register GF ICRGF R H'00 H'FFBD
Input capture register GR ICRGR R H'00 H'FFBE
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA

95.2 Register Descriptions

(1) Timer Counter (TCG)

Bit 7 6 5 4 3 2 1 0

| TCG7 | TCG6 | TCG5 | TCG4 | TCG3 | TCG2 | TCG1 | TCGO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — — — —

TCG is an 8-bit up-counter which is incremented by clock input. The input clock is selected by
bits CKS1 and CKSO0 in TMG.

TMIG in PMRI is set to 1 to operate TCG as an input capture timer, or cleared to 0 to operate
TCG as an interval timer”. In input capture timer operation, the TCG value can be cleared by the
rising edge, falling edge, or both edges of the input capture input signal, according to the setting
made in TMG.

When TCG overflows from H'FF to H'00, if OVIE in TMG is 1, IRRTG is set to 1 in IRR2, and if
IENTG in IENR?2 is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see section 3.3, Interrupts.
TCG cannot be read or written by the CPU. It is initialized to H'00 upon reset.

Note: * An input capture signal may be generated when TMIG is modified.
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(2) Input Capture Register GF (ICRGF)

Bit 7 6 5 4 3 2 1 0

| ICRGF7 | ICRGF6 | ICRGF5 | ICRGF4 | ICRGF3 | ICRGF2 | ICRGF1 | ICRGFO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ICRGF is an 8-bit read-only register. When a falling edge of the input capture input signal is
detected, the current TCG value is transferred to ICRGF. If IIEGS in TMG is 1 at this time,
IRRTG is set to 1 in IRR2, and if IENTG in IENR?2 is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see section 3.3, Interrupts.

To ensure dependable input capture operation, the pulse width of the input capture input signal
must be at least 2¢ or 2¢,,, (when the noise canceler is not used).

ICRGF is initialized to H'00 upon reset.

(3) Input Capture Register GR (ICRGR)

Bit 7 6 5 4 3 2 1 0

| ICRGR7 | ICRGR6 | ICRGR5 | ICRGR4 | ICRGRS3 | ICRGR2 | ICRGR1 | ICRGRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ICRGR is an 8-bit read-only register. When a rising edge of the input capture input signal is
detected, the current TCG value is transferred to ICRGR. If IIEGS in TMG is 1 at this time,
IRRTG is set to 1 in IRR2, and if IENTG in IENR?2 is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see section 3.3, Interrupts.

To ensure dependable input capture operation, the pulse width of the input capture input signal
must be at least 2¢ or 20, (When the noise canceler is not used).

ICRGR is initialized to H'00 upon reset.
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(4) Timer Mode Register G (TMG)

Bit: 7 6 5 4 3 2 1 0
| OVFH | OVFL | OVIE | IIEGS | CCLR1 | CCLRO | CKSH1 | CKS0 ‘
Initial value: 0 0 0 0 0 0 0 0

Read/Write: ~ R/W* R/W* R/W R/W R/W R/W R/W R/W

Note: * Bits 7 and 6 can only be written with 0, for flag clearing.

TMG is an 8-bit read/write register that performs TCG clock selection from four internal clock
sources, counter clear selection, and edge selection for the input capture input signal interrupt
request, controls enabling of overflow interrupt requests, and also contains the overflow flags.

TMG is initialized to H'0O upon reset.
Bit 7: Timer overflow flag H (OVFH)

Bit 7 is a status flag indicating that TCG has overflowed from H'FF to H'00 when the input capture
input signal is high. This flag is set by hardware and cleared by software. It cannot be set by
software.

Bit 7

OVFH Description

0 Clearing condition: (initial value)
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting condition:

Set when TCG overflows from H'FF to H'00
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Bit 6: Timer overflow flag L (OVFL)

Bit 6 is a status flag indicating that TCG has overflowed from H'FF to H'00 when the input capture
input signal is low, or in interval operation. This flag is set by hardware and cleared by software. It

cannot be set by software.

Bit 6

OVFL Description

0 Clearing condition: (initial value)
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting condition:

Set when TCG overflows from H'FF to H'00

Bit 5: Timer overflow interrupt enable (OVIE)

Bit 5 selects enabling or disabling of interrupt generation when TCG overflows.

Bit 5

OVIE Description

0 TCG overflow interrupt request is disabled (initial value)
1 TCG overflow interrupt request is enabled

Bit 4: Input capture interrupt edge select (IIEGS)

Bit 4 selects the input capture input signal edge that generates an interrupt request.

Bit 4

IIEGS Description

0 Interrupt generated on rising edge of input capture input signal (initial value)
1 Interrupt generated on falling edge of input capture input signal
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Bits 3 and 2: Counter clear 1 and 0 (CCLR1, CCLRO)

Bits 3 and 2 specify whether or not TCG is cleared by the rising edge, falling edge, or both edges
of the input capture input signal.

Bit 3 Bit 2

CCLR1 CCLRO Description

0 0 TCG clearing is disabled (initial value)
0 1 TCG cleared by falling edge of input capture input signal

1 0 TCG cleared by rising edge of input capture input signal

1 1 TCG cleared by both edges of input capture input signal

Bits 1 and 0: Clock select (CKS1, CKSO0)

Bits 1 and 0 select the clock input to TCG from among four internal clock sources.

Bit 1 Bit 0

CKs1 CKSO Description

0 0 Internal clock: Counting on ¢/64 (initial value)
0 1 Internal clock: Counting on ¢/32

1 0 Internal clock: Counting on ¢/2

1 1 Internal clock: Counting on ¢w/4

(5) Clock Stop Register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0
| — |S31 CKSTP|SSZCKSTP| ADCKSTP | TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP ‘

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

CKSTPRI1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer G is described here. For details of the other bits, see the
sections on the relevant modules.
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Bit 3: Timer G module standby mode control (TGCKSTP)

Bit 3 controls setting and clearing of module standby mode for timer G.

TGCKSTP  Description

0 Timer G is set to module standby mode
1

Timer G module standby mode is cleared (initial value)
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95.3 Noise Canceler

The noise canceler consists of a digital low-pass filter that eliminates high-frequency component
noise from the pulses input from the input capture input pin. The noise canceler is set by NCS™ in
PMR3.

Figure 9.9 shows a block diagram of the noise canceler.

Sampling
clock
Input capture C C C C (o]
. . —> D Q D Q D Q D Q D Q
nput signal Latch Latch Latch Latch Latch |—' Match Noise
|—' detector [—> canceler
|‘> output
: t :
[ —

Sampling clock |_| |_| |_| |_|

At: Set by CKS1 and CKSO0

Figure9.9 Noise Canceler Block Diagram

The noise canceler consists of five latch circuits connected in series and a match detector circuit.
When the noise cancellation function is not used (NCS = 0), the system clock is selected as the
sampling clock. When the noise cancellation function is used (NCS = 1), the sampling clock is the
internal clock selected by CKS1 and CKSO in TMG, the input capture input is sampled on the
rising edge of this clock, and the data is judged to be correct when all the latch outputs match. If
all the outputs do not match, the previous value is retained. After a reset, the noise canceler output
is initialized when the falling edge of the input capture input signal has been sampled five times.
Therefore, after making a setting for use of the noise cancellation function, a pulse with at least
five times the width of the sampling clock is a dependable input capture signal. Even if noise
cancellation is not used, an input capture input signal pulse width of at least 2¢ or 2¢y,,, is
necessary to ensure that input capture operations are performed properly

Note: * An input capture signal may be generated when the NCS bit is modified.
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Figure 9.10 shows an example of noise canceler timing.

In this example, high-level input of less than five times the width of the sampling clock at the
input capture input pin is eliminated as noise.

Input capture

input signal

Sampling clock ||||||||||||||||||||||||||||||

Noise canceler

output
Eliminated as noise

Figure9.10 Noise Canceler Timing (Example)
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954 Operation
Timer G is an 8-bit timer with built-in input capture and interval functions.
(1) Timer G Functions

Timer G is an 8-bit up-counter with two functions, an input capture timer function and an interval
timer function.

The operation of these two functions is described below.

a. Input capture timer operation
When the TMIG bit is set to 1 in port mode register 1 (PMR1), timer G functions as an input
capture timer™.
In a reset, timer mode register G (TMG), timer counter G (TCG), input capture register GF
(ICRGF), and input capture register GR (ICRGR) are all initialized to H’00.
Following a reset, TCG starts incrementing on the ¢/64 internal clock.

The input clock can be selected from four internal clock sources by bits CKS1 and CKSO in
TMG.

When a rising edge/falling edge is detected in the input capture signal input from the TMIG
pin, the TCG value at that time is transferred to ICRGR/ICRGF. When the edge selected by
IIEGS in TMG is input, IRRTG is set to 1 in IRR2, and if the IENTG bit in IENR2 is 1 at this
time, an interrupt request is sent to the CPU. For details of the interrupt, see section 3.3,
Interrupts.

TCG can be cleared by a rising edge, falling edge, or both edges of the input capture signal,
according to the setting of bits CCLR1 and CCLRO in TMG. If TCG overflows when the input
capture signal is high, the OVFH bit is set in TMG; if TCG overflows when the input capture
signal is low, the OVFL bit is set in TMG. If the OVIE bit in TMG is 1 when these bits are set,
IRRTG is set to 1 in IRR2, and if the IENTG bit in IENR?2 is 1, timer G sends an interrupt
request to the CPU. For details of the interrupt, see section 3.3, Interrupts.

Timer G has a built-in noise canceler that enables high-frequency component noise to be
eliminated from pulses input from the TMIG pin. For details, see section 9.5.3, Noise
Canceler.

Note: * An input capture signal may be generated when TMIG is modified.
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b. Interval timer operation
When the TMIG bit is cleared to 0 in PMR1, timer G functions as an interval timer. Following
areset, TCG starts incrementing on the ¢/64 internal clock. The input clock can be selected
from four internal clock sources by bits CKS1 and CKSO0 in TMG. TCG increments on the
selected clock, and when it overflows from H’FF to H’00, the OVFL bit is set to 1 in TMG. If
the OVIE bit in TMG is 1 at this time, IRRTG is set to 1 in IRR2, and if the IENTG bit in
IENR2 is 1, timer G sends an interrupt request to the CPU. For details of the interrupt, see
section 3.3, Interrupts.

(2) Increment Timing

TCG is incremented by internal clock input. Bits CKS1 and CKSO in TMG select one of four
internal clock sources (¢/64, ¢/32, ¢/2, or ¢w/4) created by dividing the system clock (¢) or watch
clock (ow).

(3) Input Capturelnput Timing

a. Without noise cancellation function

For input capture input, dedicated input capture functions are provided for rising and falling
edges.

Figure 9.11 shows the timing for rising/falling edge input capture input.

Input capture
input signal

.

Input capture
signal F

\

Input capture
signal R

Figure9.11 Input Capturelnput Timing (without Noise Cancellation Function)

b. With noise cancellation function

When noise cancellation is performed on the input capture input, the passage of the input
capture signal through the noise canceler results in a delay of five sampling clock cycles from
the input capture input signal edge.

Figure 9.12 shows the timing in this case.
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Input capture
input signal H

Sampling clock

Noise canceler
output

Input capture
signal R —l

Figure9.12 Input Capture Input Timing (with Noise Cancellation Function)
(4) Timing of Input Capture by Input Capture Input

Figure 9.13 shows the timing of input capture by input capture input

Input capture

signal

TCG N-1 X N X N
Input capture :

register HXX >< N

Figure9.13 Timing of Input Capture by Input Capture Input
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(5) TGC Clear Timing

TCG can be cleared by the rising edge, falling edge, or both edges of the input capture input

signal.

Figure 9.14 shows the timing for clearing by both edges.

Input capture
input signal ( |||
)

Input capture
signal F ((

Input capture
signal R ((

TCG N >< H'00

Figure9.14 TCG Clear Timing
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(6) Timer G Operation Modes
Timer G operation modes are shown in table 9.13.

Table9.13 Timer G Operation Modes

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby

TCG Input capture Reset Functions™ Functions™ Functions/ Functions/ Functions/ Halted Halted
halted®  halted®  halted”

Interval Reset Functions™ Functions™ Functions/ Functions/ Functions/ Halted Halted
halted®  halted®  halted®

ICRGF Reset Functions™ Functions™ Functions/ Functions/ Functions/ Held Held
halted®  halted®  halted™

ICRGR Reset Functions™ Functions™ Functions Functions/ Functions/ Held Held
halted®  halted®  halted™

™G Reset Functions Held Held Functions Held Held Held

Note: * When ¢w/4 is selected as the TCG internal clock in active mode or sleep mode, since
the system clock and internal clock are mutually asynchronous, synchronization is
maintained by a synchronization circuit. This results in a maximum count cycle error of
1/¢ (s). When ¢w/4 is selected as the TCG internal clock in watch mode, TCG and the
noise canceler operate on the ¢w/4 internal clock without regard to the ¢, subclock
(ow/8, dow/4, dw/2). Note that when another internal clock is selected, TCG and the
noise canceler do not operate, and input of the input capture input signal does not result
in input capture.

To be operated Timer G in subactive mode or subsleep mode, select ¢w/4 for internal
clock of TCG and also select ¢w/2 for sub clock ¢,,. When another internal clock is
selected and when another sub clock (¢w/8, ¢w/4) is selected, TCG and noise canceler
do not operate.
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955 Application Notes
(1) Internal Clock Switching and TCG Operation

Depending on the timing, TCG may be incremented by a switch between difference internal clock
sources. Table 9.14 shows the relation between internal clock switchover timing (by write to bits
CKS1 and CKSO0) and TCG operation.

When TCG is internally clocked, an increment pulse is generated on detection of the falling edge
of an internal clock signal, which is divided from the system clock (¢) or subclock (¢w). For this
reason, in a case like No. 3 in table 9.14 where the switch is from a high clock signal to a low
clock signal, the switchover is seen as a falling edge, causing TCG to increment.

Table9.14 Internal Clock Switchingand TCG Operation

Clock Levels Before and
After Modifying Bits CKS1
No. and CKSO TCG Operation

1 Goes from low level to low level Clock before—l_l

switching

Clock after
switching

Count '
clock '

Write to CKS1 and CKSO

2 Goes from low level to high level C|ockbefore_|_| | | ' | |

switching

Clock before
switching

Count
clock

TCG N X N1 X N+2 X

Write to CKS1 and CKS0

Rev. 1.00 May 30, 2008 Page 260 of 484
REJ09B0436-0100 RENESAS



Section 9 Timers

Clock Levels Before and
After Modifying Bits CKS1
No. and CKSO TCG Operation

3  Goes from high level to low level  Gjock before
switching | |

Clock before
switching
%
Count
clock

TCG N X N+1 X N+2 X

4 Goes from high level to high level  Giock before
switching

Clock before
switching

Count
clock

TCG

Write to CKS1 and CKSO

Note: * The switchover is seen as a falling edge, and TCG is incremented.
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(2) Noteson Port Mode Register Madification

The following points should be noted when a port mode register is modified to switch the input
capture function or the input capture input noise canceler function.

e Switching input capture input pin function

Note that when the pin function is switched by modifying TMIG in port mode register 1
(PMR1), which performs input capture input pin control, an edge will be regarded as having
been input at the pin even though no valid edge has actually been input. Input capture input
signal input edges, and the conditions for their occurrence, are summarized in table 9.15.

Table9.15 Input Capture Input Signal Input Edges Dueto Input Capture Input Pin
Switching, and Conditionsfor Their Occurrence

Input Capture Input Signal
Input Edge

Conditions

Generation of rising edge

When TMIG is modified from 0 to 1 while the TMIG pin is high

When NCS is modified from 0 to 1 while the TMIG pin is high,
then TMIG is modified from 0 to 1 before the signal is sampled
five times by the noise canceler

Generation of falling edge

When TMIG is modified from 1 to O while the TMIG pin is high

When NCS is modified from 0 to 1 while the TMIG pin is low, then
TMIG is modified from 0 to 1 before the signal is sampled five
times by the noise canceler

When NCS is modified from 0 to 1 while the TMIG pin is high,
then TMIG is modified from 1 to 0 after the signal is sampled five
times by the noise canceler

Note: When the P1, pin is not set as an input capture input pin, the timer G input capture input

signal is low.

e Switching input capture input noise canceler function

When performing noise canceler function switching by modifying NCS in port mode register 3
(PMR3), which controls the input capture input noise canceler, TMIG should first be cleared to
0. Note that if NCS is modified without first clearing TMIG, an edge will be regarded as
having been input at the pin even though no valid edge has actually been input. Input capture
input signal input edges, and the conditions for their occurrence, are summarized in table 9.16.

Rev. 1.00 May 30, 2008 Page 262 of 484

REJ09B0436-0100

RENESAS



Section 9 Timers

Table9.16 Input Capture Input Signal Input Edges Dueto Noise Canceler Function
Switching, and Conditionsfor Their Occurrence

Input Capture Input Signal
Input Edge Conditions

Generation of rising edge When the TMIG pin level is switched from low to high while TMIG
is set to 1, then NCS is modified from 0 to 1 before the signal is
sampled five times by the noise canceler

Generation of falling edge When the TMIG pin level is switched from high to low while TMIG
is set to 1, then NCS is modified from 1 to 0 before the signal is
sampled five times by the noise canceler

When the pin function is switched and an edge is generated in the input capture input signal, if
this edge matches the edge selected by the input capture interrupt select (IIEGS) bit, the
interrupt request flag will be set to 1. The interrupt request flag should therefore be cleared to 0
before use. Figure 9.15 shows the procedure for port mode register manipulation and interrupt
request flag clearing. When switching the pin function, set the interrupt-disabled state before
manipulating the port mode register, then, after the port mode register operation has been
performed, wait for the time required to confirm the input capture input signal as an input
capture signal (at least two system clocks when the noise canceler is not used; at least five
sampling clocks when the noise canceler is used), before clearing the interrupt enable flag to 0.
There are two ways of preventing interrupt request flag setting when the pin function is
switched: by controlling the pin level so that the conditions shown in tables 9.15 and 9.16 are
not satisfied, or by setting the opposite of the generated edge in the IIEGS bit in TMG.
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Disable interrupts. (Interrupts can also be disabled by

Set | bit to 1 in CCR manipulating the interrupt enable bit in interrupt enable

register 2.)

Manipulate port mode register

After manipulating he port mode register, wait for the

TMIG confirmation time (at least two system clocks when

TMIG confirmation time the noise canceler is not used; at least five sampling

clocks when the noise canceler is used), then clear the

| Clear interrupt request flag to 0 |

interrupt enable flag to 0.

| Clear | bit to 0 in CCR | Enable interrupts

Figure9.15 Port Mode Register Manipulation and Interrupt Enable Flag Clearing

Procedure

9.5.6 Timer G Application Example

Using timer G, it is possible to measure the high and low widths of the input capture input signal
as absolute values. For this purpose, CCLR1 and CCLRO should both be set to 1 in TMG.

Figure 9.16 shows an example of the operation in this case.

Input capture
input signal

Input capture

register GF

Input capture
register GR

H'00

Counter cleared

Figure9.16 Timer G Application Example
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9.6 Watchdog Timer

9.6.1 Overview

The watchdog timer has an 8-bit counter that is incremented by an input clock. If a system
runaway allows the counter value to overflow before being rewritten, the watchdog timer can reset
the chip internally.

(1) Features
Features of the watchdog timer are given below.

e Incremented by internal clock source (¢/8192 or ¢w/32).

e A reset signal is generated when the counter overflows. The overflow period can be set from
from 1 to 256 times 8192/¢ or 32/¢w (from approximately 4 ms to 1000 ms when ¢ = 2.00
MHz).

e Use of module standby mode enables this module to be placed in standby mode independently
when not used.

(2) Block Diagram

Figure 9.17 shows a block diagram of the watchdog timer.

N
0/32 TCSRW < &

¢ o

>

e}

/8192 - - &

o = pss | ARG o tow 5

©

S

2

£

Notation: . . N
TCSRW: Timer control/status register W

) ——» Reset signal
TCW: Timer counter W

PSS: Prescaler S

Figure9.17 Block Diagram of Watchdog Timer
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(3) Register Configuration
Table 9.17 shows the register configuration of the watchdog timer.

Table9.17 Watchdog Timer Registers

Name Abbr. R/W Initial Value Address
Timer control/status register W TCSRW R/W H'AA H'FFB2
Timer counter W TCW R/W H'00 H'FFB3
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB
Port mode register 3 PMR3 R/W H'04 H'FFCA
9.6.2 Register Descriptions
(1) Timer Control/Status Register W (TCSRW)

Bit 7 6 5 4 3 2 1 0

‘ B6WI ‘ TCWE ‘ B4WI ‘TCSRWE‘ B2WI ‘ WDON ‘ BOWI ‘ WRST
Initial value 1 0 1 0 1 0 1 0
Read/Write R R/(W)* R R/(W)* R R/(W)* R R/(W)*

Note: * Write is permitted only under certain conditions, which are given in the descriptions of

the individual bits.

TCSRW is an 8-bit read/write register that controls write access to TCW and TCSRW itself,

controls watchdog timer operations, and indicates operating status.
Bit 7: Bit 6 write inhibit (B6WI)

Bit 7 controls the writing of data to bit 6 in TCSRW.

Bit 7

B6WI Description

0 Bit 6 is write-enabled

1 Bit 6 is write-protected (initial value)

This bit is always read as 1. Data written to this bit is not stored.
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Bit 6: Timer counter W write enable (TCWE)

Bit 6 controls the writing of data to TCW.

Bit 6

TCWE Description

0 Data cannot be written to TCW (initial value)
1 Data can be written to TCW

Bit 5: Bit 4 write inhibit (BAWT)

Bit 5 controls the writing of data to bit 4 in TCSRW.

Bit 5

B4WI Description

0 Bit 4 is write-enabled

1 Bit 4 is write-protected (initial value)

This bit is always read as 1. Data written to this bit is not stored.
Bit 4: Timer control/status register W write enable (TCSRWE)

Bit 4 controls the writing of data to TCSRW bits 2 and 0.

Bit 4

TCSRWE Description

0 Data cannot be written to bits 2 and 0 (initial value)
1 Data can be written to bits 2 and 0

Bit 3: Bit 2 write inhibit (B2WI)

Bit 3 controls the writing of data to bit 2 in TCSRW.

Bit 3

B2WI Description

0 Bit 2 is write-enabled

1 Bit 2 is write-protected (initial value)

This bit is always read as 1. Data written to this bit is not stored.
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Bit 2: Watchdog timer on (WDON)

Bit 2 enables watchdog timer operation.

Bit 2

WDON Description

0 Watchdog timer operation is disabled (initial value)
Clearing condition:
Reset, or when TCSRWE = 1 and 0 is written in both B2WI and WDON

1 Watchdog timer operation is enabled

Setting condition:
When TCSRWE = 1 and 0 is written in B2WI and 1 is written in WDON

Counting starts when this bit is set to 1, and stops when this bit is cleared to 0.
Bit 1: Bit 0 write inhibit (BOWT)

Bit 1 controls the writing of data to bit 0 in TCSRW.

Bit 1

BOWI Description

0 Bit 0 is write-enabled

1 Bit 0 is write-protected (initial value)

This bit is always read as 1. Data written to this bit is not stored.
Bit 0: Watchdog timer reset (WRST)

Bit 0 indicates that TCW has overflowed, generating an internal reset signal. The internal reset
signal generated by the overflow resets the entire chip. WRST is cleared to O by a reset from the
RES pin, or when software writes 0.
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Bit 0
WRST Description
0 Clearing condition:
Reset by RES pin
When TCSRWE = 1, and 0 is written in both BOWI and WRST
1 Setting condition:

When TCW overflows and an internal reset signal is generated

(2) Timer Counter W (TCW)

Bit 7 6 5 4 3 2 1 0
‘ TCW7 ‘ TCW6 ‘ TCW5 ‘ TCwW4 ‘ TCW3 ‘ TCW2 ‘ TCWA1 ‘ TCWO
Initial value 0 0 0 0 0 0 0 0

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

TCW is an 8-bit read/write up-counter, which is incremented by internal clock input. The input
clock is ¢/8192 or ¢w/32. The TCW value can always be written or read by the CPU.

When TCW overflows from H'FF to H'00, an internal reset signal is generated and WRST is set to
1 in TCSRW. Upon reset, TCW is initialized to H'00.

(3) Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | AECKSTP |WDCKSTP|PWCKSTP| LDCKSTP ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — RW R/W R/W RW

CKSTPR?2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the watchdog timer is described here. For details of the other bits,
see the sections on the relevant modules.
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Bit 2: Watchdog timer module standby mode control (WDCKSTP)

Bit 2 controls setting and clearing of module standby mode for the watchdog timer.

WDCKSTP Description

0 Watchdog timer is set to module standby mode

1 Watchdog timer module standby mode is cleared (initial value)

Note: WDCKSTP is valid when the WDON bit is cleared to 0 in timer control/status register W
(TCSRW). If WDCKSTP is set to 0 while WDON is set to 1 (during watchdog timer
operation), O will be set in WDCKSTP but the watchdog timer will continue its watchdog
function and will not enter module standby mode. When the watchdog function ends and
WDON is cleared to 0 by software, the WDCKSTP setting will become valid and the
watchdog timer will enter module standby mode.

(4) Port Mode Register 3 (PMR3)

Bit 7 6 5 4 3 2 1 0

‘ AEVL ‘ AEVH ‘WDCKS‘ NCS ‘ IRQO ‘ — ‘ ub ‘ PWM
Initial value 0 0 0 0 0 1 0 0
Read/Write R/W R/W R/W R/W R/W — R/W R/W

PMR3 is an 8-bit read/write register, mainly controlling the selection of pin functions for port 3

pins. Only the bit relating to the watchdog timer is described here. For details of the other bits, see
section 8, I/0 Ports.

Bit 5: Watchdog timer source clock select (WDCKS)

WDCKS Description

0 »/8192 selected (initial value)
1 ow/32 selected
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9.6.3 Timer Operation

The watchdog timer has an 8-bit counter (TCW) that is incremented by clock input (¢/8192 or
¢ow/32). The input clock is selected by bit WDCKS in port mode register 3 (PMR3): ¢/8192 is
selected when WDCKS is cleared to 0, and ¢w/32 when set to 1. When TCSRWE = 1 in TCSRW,
if 0 is written in B2WI and 1 is simultaneously written in WDON, TCW starts counting up. When
the TCW count reaches H'FF, the next clock input causes the watchdog timer to overflow, and an
internal reset signal is generated one reference clock (¢ or ¢, ,) cycle later. The internal reset
signal is output for 512 clock cycles of the ¢, clock. It is possible to write to TCW, causing TCW
to count up from the written value. The overflow period can be set in the range from 1 to 256 input
clocks, depending on the value written in TCW.

Figure 9.18 shows an example of watchdog timer operations.
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Example: ¢ =2 MHz and the desired overflow period is 30 ms.

6
2x10%, 35, 1038=73
8192

The value set in TCW should therefore be 256 — 8 = 248 (H'F8).

TCW overflow
TCW count
value
HOO —— -y S
Start T T T \
H'F8 written H'F8 written in TCW Reset
in TCW
Internal reset
signal

512 dpgc clock cycles

Figure9.18 Typical Watchdog Timer Operations (Example)

9.6.4 Watchdog Timer Operation States
Table 9.18 summarizes the watchdog timer operation states.

Table9.18 Watchdog Timer Operation States

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCW Reset Functions Functions Halted Functions/ Halted Halted Halted
Halted™
TCSRW Reset Functions Functions Retained Functions/ Retained Retained Retained
Halted™

Note: * Functions when ¢w/32 is selected as the input clock.
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9.7 Asynchronous Event Counter (AEC)

9.7.1 Overview

The asynchronous event counter is incremented by external event clock input.
(1) Features

Features of the asynchronous event counter are given below.

e Can count asynchronous events
Can count external events input asynchronously without regard to the operation of base clocks

q) and q)SUB'
The counter has a 16-bit configuration, enabling it to count up to 65536 (2') events.

— Can also be used as two independent 8-bit event counter channels.
— Counter resetting and halting of the count-up function controllable by software
— Automatic interrupt generation on detection of event counter overflow

— Use of module standby mode enables this module to be placed in standby mode
independently when not used.
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(2) Block Diagram

Figure 9.19 shows a block diagram of the asynchronous event counter.

»|RREC
N\
ECCSR [ g
M 2
S
©
OVH
| ECH CK [ » E
o
£
3]
AEVH pe
OVL
ECL o fer g
N
gL —| N
AEVL o L/
Legend:
ECCSR: Event counter control/status register
ECH:  Event counter H
ECL: Event counter L
AEVH:  Asynchronous event input H
AEVL:  Asynchronous event input L
IRREC: Event counter overflow interrupt request flag
Figure9.19 Block Diagram of Asynchronous Event Counter
(3) Pin Configuration
Table 9.19 shows the asynchronous event counter pin configuration.
Table9.19 Pin Configuration
Name Abbr. I/O Function
Asynchronous event input H AEVH  Input Event input pin for input to event counter H
Asynchronous event input L AEVL  Input Event input pin for input to event counter L
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(4) Register Configuration
Table 9.20 shows the register configuration of the asynchronous event counter.

Table9.20 Asynchronous Event Counter Registers

Name Abbr. R/W Initial Value Address
Event counter control/status register ECCSR R/W H'00 H'FF95
Event counter H ECH R H'00 H'FF96
Event counter L ECL R H'00 H'FF97
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB

9.7.2 Register Descriptions

(1) Event Counter Control/Status Register (ECCSR)

Bit 7 6 5 4 3 2 1 0

| OVH | OVL | — | CH2 | CUEH | CUEL | CRCH | CRCL ‘
Initial Value 0 0 0 0 0 0 0 0
Read/Write RW* RW* R/W R/W R/W R/W RW RW

Note: * Bits 7 and 6 can only be written with 0, for flag clearing.

ECCSR is an 8-bit read/write register that controls counter overflow detection, counter resetting,
and halting of the count-up function.

ECCSR is initialized to H'00 upon reset.
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Bit 7: Counter overflow flag H (OVH)

Bit 7 is a status flag indicating that ECH has overflowed from H'FF to H'00. This flag is set when
ECH overflows. It is cleared by software but cannot be set by software. OVH is cleared by reading
it when set to 1, then writing O.

When ECH and ECL are used as a 16-bit event counter with CH2 cleared to 0, OVH functions as a
status flag indicating that the 16-bit event counter has overflowed from H'FFFF to H'0000.

Bit 7
OVH Description
0 ECH has not overflowed (initial value)

Clearing condition:

After reading OVH = 1, cleared by writing 0 to OVH
1 ECH has overflowed

Setting condition:

Set when ECH overflows from H’FF to H'00

Bit 6: Counter overflow flag L (OVL)

Bit 6 is a status flag indicating that ECL has overflowed from H'FF to H'00. This flag is set when
ECL overflows. It is cleared by software but cannot be set by software. OVL is cleared by reading
it when set to 1, then writing O.

Bit 6

OVL Description

0 ECL has not overflowed (initial value)
Clearing condition:
After reading OVL = 1, cleared by writing 0 to OVL

1 ECL has overflowed

Setting condition:
Set when ECL overflows from H'FF to H'00 while CH2 is set to 1

Bit 5: Reserved bit

Bit 5 is reserved; it can be read and written, and is initialized to O upon reset.
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Bit 4: Channel select (CH2)

Bit 4 selects whether ECH and ECL are used as a single-channel 16-bit event counter or as two
independent 8-bit event counter channels. When CH2 is cleared to O, ECH and ECL function as a
16-bit event counter which is incremented each time an event clock is input to the AEVL pin as
asynchronous event input. In this case, the overflow signal from ECL is selected as the ECH input
clock. When CH2 is set to 1, ECH and ECL function as independent 8-bit event counters which
are incremented each time an event clock is input to the AEVH or AEVL pin, respectively, as

asynchronous event input.

Bit 4
CH2 Description
0 ECH and ECL are used together as a single-channel 16-bit event counter
(initial value)
1 ECH and ECL are used as two independent 8-bit event counter channels

Bit 3: Count-up enable H (CUEH)

Bit 3 enables event clock input to ECH. When 1 is written to this bit, event clock input is enabled
and increments the counter. When 0 is written to this bit, event clock input is disabled and the
ECH value is held. The AEVH pin or the ECL overflow signal can be selected as the event clock

source by bit CH2.

Bit 3

CUEH Description

0 ECH event clock input is disabled (initial value)
ECH value is held

1 ECH event clock input is enabled

Bit 2: Count-up enable L (CUEL)

Bit 2 enables event clock input to ECL. When 1 is written to this bit, event clock input is enabled
and increments the counter. When 0 is written to this bit, event clock input is disabled and the

ECL value is held.

Bit 2

CUEL Description

0 ECL event clock input is disabled (initial value)
ECL value is held

1 ECL event clock input is enabled
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Bit 1. Counter reset control H (CRCH)

Bit 1 controls resetting of ECH. When this bit is cleared to 0, ECH is reset. When 1 is written to
this bit, the counter reset is cleared and the ECH count-up function is enabled.

Bit 1

CRCH Description

0 ECH is reset (initial value)
1 ECH reset is cleared and count-up function is enabled

Bit O: Counter reset control L (CRCL)

Bit O controls resetting of ECL. When this bit is cleared to 0, ECL is reset. When 1 is written to
this bit, the counter reset is cleared and the ECL count-up function is enabled.

Bit 0

CRCL Description

0 ECL is reset (initial value)
1 ECL reset is cleared and count-up function is enabled

(2) Event Counter H (ECH)

Bit 7 6 5 4 3 2 1 0

| ECH7 | ECH6 | ECH5 | ECH4 | ECH3 | ECH2 | ECH1 | ECHO ‘
Initial Value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ECH is an 8-bit read-only up-counter that operates either as an independent 8-bit event counter or
as the upper 8-bit up-counter of a 16-bit event counter configured in combination with ECL. Either
the external asynchronous event AEVH pin or the overflow signal from lower 8-bit counter ECL
can be selected as the input clock source by bit CH2. ECH can be cleared to H'00 by software, and
is also initialized to H'0O upon reset.
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(3) Event Counter L (ECL)

ECL is an 8-bit read-only up-counter that operates either as an independent 8-bit event counter or
as the lower 8-bit up-counter of a 16-bit event counter configured in combination with ECH. The
event clock from the external asynchronous event AEVL pin is used as the input clock source.
ECL can be cleared to H'00 by software, and is also initialized to H'00 upon reset.

Bit 7 6 5 4 3 2 1 0

| ECL7 | ECL6 | ECL5 | ECL4 | ECL3 | ECL2 | ECL1 | ECLO ‘
Initial Value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

(4) Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | AECKSTP |WDCKSTP|PWCKSTP| LDCKSTP ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — RW RW RW RW

CKSTPR?2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the asynchronous event counter is described here. For details of
the other bits, see the sections on the relevant modules.

Bit 3: Asynchronous event counter module standby mode control (AECKSTP)

Bit 3 controls setting and clearing of module standby mode for the asynchronous event counter.

AECKSTP  Description

0 Asynchronous event counter is set to module standby mode

1 Asynchronous event counter module standby mode is cleared (initial value)
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9.7.3 Operation
(1) 16-bit Event Counter Operation

When bit CH2 is cleared to 0 in ECCSR, ECH and ECL operate as a 16-bit event counter. Figure
9.20 shows an example of the software processing when ECH and ECL are used as a 16-bit event

counter.

ClearCH2t0 0
Clear CUEH, CUEL, CRCH, and CRCL to 0

Y

Clear OVHand OVLto 0
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure9.20 Example of Software Processing when Using ECH and ECL as 16-Bit Event
Counter

As CH2 is cleared to 0 by a reset, ECH and ECL operate as a 16-bit event counter after a reset.
They can also be used as a 16-bit event counter by carrying out the software processing shown in
the example in figure 9.20. The operating clock source is asynchronous event input from the
AEVL pin. When the next clock is input after the count value reaches H'FF in both ECH and ECL,
ECH and ECL overflow from H'FFFF to H'0000, the OVH flag is set to 1 in ECCSR, the ECH and
ECL count values each return to H'00, and counting up is restarted. When overflow occurs, the
IRREC bit is set to 1 in IRR2. If the IENEC bit in IENR2 is 1 at this time, an interrupt request is
sent to the CPU.
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(2) 8-hit Event Counter Operation

When bit CH2 is set to 1 in ECCSR, ECH and ECL operate as independent 8-bit event counters.
Figure 9.21 shows an example of the software processing when ECH and ECL are used as 8-bit

event counters.
Set CH2to 1

Clear CUEH, CUEL, CRCH, and CRCL to 0

Clear OVH, OVLto O
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure9.21 Example of Software Processing when Using ECH and ECL as 8-Bit Event
Counters

ECH and ECL can be used as 8-bit event counters by carrying out the software processing shown
in the example in figure 9.21. The 8-bit event counter operating clock source is asynchronous
event input from the AEVH pin for ECH, and asynchronous event input from the AEVL pin for
ECL. When the next clock is input after the ECH count value reaches H'FF, ECH overflows, the
OVH flag is set to 1 in ECCSR, the ECH count value returns to H'00, and counting up is restarted.
Similarly, when the next clock is input after the ECL count value reaches H'FF, ECL overflows,
the OVL flag is set to 1 in ECCSR, the ECL count value returns to H'00, and counting up is
restarted. When overflow occurs, the IRREC bit is set to 1 in IRR2. If the IENEC bit in IENR2 is
1 at this time, an interrupt request is sent to the CPU.
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9.74 Asynchronous Event Counter Operation Modes
Asynchronous event counter operation modes are shown in table 9.21.

Table9.21 Asynchronous Event Counter Operation Modes

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
ECCSR Reset Functions Functions Held* Functions Functions Held" Held
ECH Reset Functions Functions Functions™ Functions Functions Functions™ Halted
ECL Reset Functions Functions Functions™ Functions Functions Functions™ Halted

Note: * When an asynchronous external event is input, the counter increments but the counter
overflow H/L flags are not affected.

9.75 Application Notes

1. When reading the values in ECH and ECL, the correct value will not be returned if the event
counter increments during the read operation. Therefore, if the counter is being used in the 8-
bit mode, clear bits CUEH and CUEL in ECCSR to 0 before reading ECH or ECL. If the
counter is being used in the 16-bit mode, clear CUEL only to O before reading ECH or ECL.

2. The maximum clock frequency to be input to the AEVH and AEVL pins is 16 MHz. In
addition, ensure that the high and low widths of the clock are at least 32 ns. The duty cycle is

immaterial.
Maximum AEVH/AEVL Pin
Mode Input Clock Frequency
16-bit mode Vo =2.7 10 5.5 V/16 MHz

8-bit mode  Active (high-speed), sleep (high-speed)

8-bit mode  Active (medium-speed), sleep (medium-speed) (¢/16) 2 - f .

(¢/32)  fo
(¢/64) 1/2-f

fec=1MHz to 16 MHz (0/128) 1/4-f

8-bit mode Watch, subactive, subsleep, standby (ow/2) 1000 kHz
(ow/4) 500 kHz
¢,, = 32.768 kHz or 38.4 kHz (ow/8) 250 kHz
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3. When AEC uses with 16-bit mode, set CUEH in ECCSR to “1” first, set CRCH in ECCSR to
“1” second, or set both CUEH and CRCH to “1” at same time before clock entry. While AEC
is operating on 16-bit mode, do not change CUEH. Otherwise, ECH will be miscounted up.
Also, to reset the counter, clear CRCH and CRCL to 0 simultaneously or clear CRCL and
CRCH to 0 sequentially, in that order.
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Section 10 Serial Communication Interface

10.1 Overview

This LSI is provided with two serial communication interfaces, SCI3-1 and SCI3-2. These two
SClIs have identical functions. In this manual, the generic term SCI3 is used to refer to both SClIs.

Serial communication interface 3 (SCI3) can carry out serial data communication in either
asynchronous or synchronous mode.

10.1.1  Features
Features of SCI3 are listed below.

e Choice of asynchronous or synchronous mode for serial data communication

— Asynchronous mode

Serial data communication is performed asynchronously, with synchronization provided
character by character. In this mode, serial data can be exchanged with standard
asynchronous communication LSIs such as a Universal Asynchronous
Receiver/Transmitter (UART) or Asynchronous Communication Interface Adapter
(ACIA).

There is a choice of 16 data transfer formats.

Data length 7, 8, 5 bits

Stop bit length 1 or 2 bits

Parity Even, odd, or none

Receive error detection Parity, overrun, and framing errors

Break detection Break detected by reading the RXD,_pin level directly when a

framing error occurs

Rev. 1.00 May 30, 2008 Page 285 of 484
RENESAS REJ09B0436-0100



Section 10 Serial Communication Interface

— Synchronous mode

Serial data communication is synchronized with a clock. In his mode, serial data can be
exchanged with another LSI that has a synchronous communication function.

Data length 8 bits

Receive error detection Overrun errors

e Full-duplex communication

Separate transmission and reception units are provided, enabling transmission and reception to
be carried out simultaneously. The transmission and reception units are both double-buffered,
allowing continuous transmission and reception.

e On-chip baud rate generator, allowing any desired bit rate to be selected
e Choice of an internal or external clock as the transmit/receive clock source

e Six interrupt sources: transmit end, transmit data empty, receive data full, overrun error,
framing error, and parity error
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10.1.2  Block Diagram

Figure 10.1 shows a block diagram of SCI3.

Baud rate generator

BRC

-

BRR |<—>

External
SCKax " Glock
Clock

<—| SMR |.+

i B T

— SSR -

XD © - TSR ~— TDR -
SPCR

AXD O~ - RSR — RDR —

«—— Internal clock (¢/64, /16, 0,,/2, 0)

Internal data bus

Legend:

RSR:  Receive shift register
RDR:  Receive data register
TSR: Transmit shift register
TDR:  Transmit data register
SMR:  Serial mode register
SCRS3: Serial control register 3
SSR: Serial status register

BRR: Bit rate register
BRC: Bit rate counter

SPCR: Serial port control register

> [nterrupt request
(TEI, TXI, RXI, ERI)

Figure10.1 SCI3 Block Diagram
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10.1.3  Pin Configuration
Table 10.1 shows the SCI3 pin configuration.

Table10.1 Pin Configuration

Name Abbr. I/0 Function

SCI3 clock SCK,, IO SCI3 clock input/output
SCI3 receive data input RXD,, Input SCI3 receive data input
SCI3 transmit data output TXD,, Output SCI3 transmit data output

10.1.4 Register Configuration

Table 10.2 shows the SCI3 register configuration.

Table10.2 Registers

Name Abbr. R/W Initial Value  Address
Serial mode register SMR R/W H'00 H'FFA8/FF98
Bit rate register BRR R/W HFF H'FFA9/FF99
Serial control register 3 SCR3 R/W H'00 H'FFAA/FFOA
Transmit data register TDR R/W H'FF H'FFAB/FF9B
Serial status register SSR R/W H'84 H'FFAC/FFIC
Receive data register RDR R H'00 H'FFAD/FF9D
Transmit shift register TSR Protected — —

Receive shift register RSR Protected — —

Bit rate counter BRC Protected — —

Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA

Serial port control register SPCR R/W H'CO H'FF91
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10.2 Register Descriptions

10.21 Receive Shift Register (RSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —

RSR is a register used to receive serial data. Serial data input to RSR from the RXD, pin is set in
the order in which it is received, starting from the LSB (bit 0), and converted to parallel data.
When one byte of data is received, it is transferred to RDR automatically.

RSR cannot be read or written directly by the CPU.

10.2.2 Receive Data Register (RDR)

Bit 7 6 5 4 3 2 1 0

‘ RDR7 ‘ RDR6 ‘ RDR5 ‘ RDR4 ‘ RDR3 ‘ RDR2 ‘ RDR1 ‘ RDRO
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

RDR is an 8-bit register that stores received serial data.

When reception of one byte of data is finished, the received data is transferred from RSR to RDR,
and the receive operation is completed. RSR is then able to receive data. RSR and RDR are
double-buffered, allowing consecutive receive operations.

RDR is a read-only register, and cannot be written by the CPU.

RDR is initialized to H'00 upon reset, and in standby, module standby or watch mode.
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10.2.3  Transmit Shift Register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —

TSR is a register used to transmit serial data. Transmit data is first transferred from TDR to TSR,
and serial data transmission is carried out by sending the data to the TXD,, pin in order, starting
from the LSB (bit 0). When one byte of data is transmitted, the next byte of transmit data is
transferred to TDR, and transmission started, automatically. Data transfer from TDR to TSR is not
performed if no data has been written to TDR (if bit TDRE is set to 1 in the serial status register
(SSR)).

TSR cannot be read or written directly by the CPU.

10.24  Transmit Data Register (TDR)

Bit 7 6 5 4 3 2 i 0
\ TDR7 \ TDR6 \ TDR5 \ TDR4 \ TDR3 \ TDR2 \ TDR1 \ TDRO
Initial value 1 1 1 1 1 1 1 1

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

TDR is an 8-bit register that stores transmit data. When TSR is found to be empty, the transmit
data written in TDR is transferred to TSR, and serial data transmission is started. Continuous
transmission is possible by writing the next transmit data to TDR during TSR serial data
transmission.

TDR can be read or written by the CPU at any time.

TDR is initialized to H'FF upon reset, and in standby, module standby, or watch mode.
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10.25 Serial Mode Register (SMR)

Bit 7 6 5 4 3 > i 0
\ COM | CHR | PE | PM | STOP | MP | CKS1 | CKSO
Initial value 0 0 0 0 0 0 0 0

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

SMR is an 8-bit register used to set the serial data transfer format and to select the clock source for
the baud rate generator.

SMR can be read or written by the CPU at any time.
SMR is initialized to H'0O upon reset, and in standby, module standby, or watch mode.
Bit 7: Communication mode (COM)

Bit 7 selects whether SCI3 operates in asynchronous mode or synchronous mode.

Bit 7

COM Description

0 Asynchronous mode (initial value)
1 Synchronous mode

Bit 6: Character length (CHR)

Bit 6 selects either 7 or 8 bits as the data length to be used in asynchronous mode. In synchronous
mode the data length is always 8 bits, irrespective of the bit 6 setting.

Bit 6
CHR Description

0 8-bit data/5-bit data™ (initial value)
1 7-bit data™'/5-bit data™

Notes: 1. When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.
2. When 5-bit data is selected, set both PE and MP to 1. The three most significant bits
(bits 7, 6, and 5) of TDR are not transmitted.
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Bit 5: Parity enable (PE)

Bit 5 selects whether a parity bit is to be added during transmission and checked during reception
in asynchronous mode. In synchronous mode parity bit addition and checking is not performed,
irrespective of the bit 5 setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled™ (initial value)
1 Parity bit addition and checking enabled™"**

Notes: 1. When PE is set to 1, even or odd parity, as designated by bit PM, is added to transmit
data before it is sent, and the received parity bit is checked against the parity
designated by bit PM.

2. For the case where 5-bit data is selected, see table 10.11.

Bit 4: Parity mode (PM)

Bit 4 selects whether even or odd parity is to be used for parity addition and checking. The PM bit
setting is only valid in asynchronous mode when bit PE is set to 1, enabling parity bit addition and
checking. The PM bit setting is invalid in synchronous mode, and in asynchronous mode if parity
bit addition and checking is disabled.

Bit 4

PM Description

0 Even parity™ (initial value)
1 Odd parity™

Notes: 1. When even parity is selected, a parity bit is added in transmission so that the total
number of 1 bits in the transmit data plus the parity bit is an even number; in reception,
a check is carried out to confirm that the number of 1 bits in the receive data plus the
parity bit is an even number.

2. When odd parity is selected, a parity bit is added in transmission so that the total
number of 1 bits in the transmit data plus the parity bit is an odd number; in reception, a
check is carried out to confirm that the number of 1 bits in the receive data plus the
parity bit is an odd number.
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Bit 3: Stop bit length (STOP)

Bit 3 selects 1 bit or 2 bits as the stop bit length is asynchronous mode. The STOP bit setting is
only valid in asynchronous mode. When synchronous mode is selected the STOP bit setting is
invalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit™’ (initial value)
1 2 stop bits™

Notes: 1. In transmission, a single 1 bit (stop bit) is added at the end of a transmit character.
2. Intransmission, two 1 bits (stop bits) are added at the end of a transmit character.

In reception, only the first of the received stop bits is checked, irrespective of the STOP bit setting.
If the second stop bit is 1 it is treated as a stop bit, but if 0, it is treated as the start bit of the next
transmit character.

Bit 2: 5-Bit Communication (MP)

Bit 2 can set the 5-bit communication format. When this bit is set to 1, the 5-bit communication
format is enabled. When writing 1 to this bit, always write 1 to bit 5 (RE) at the same time.

Bit 2

MP Description

0 7/8-bit communication format™ (initial value)
1 5-bit communication format™

Note: * For the case where 5-bit data is selected, see table 10.11.
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Bits 1 and 0: Clock select 1, 0 (CKS1, CKSO0)
Bits 1 and 0 choose ¢/64, ¢/16, dw/2, or ¢ as the clock source for the baud rate generator.

For the relation between the clock source, bit rate register setting, and baud rate, see section
10.2.8, Bit rate register (BRR).

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 ¢ clock (initial value)
0 1 & w/2 clock™'/¢ w clock™

1 0 /16 clock

1 1 /64 clock

Notes: 1. ¢ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. ¢ w clock in subactive mode and subsleep mode
In subactive or subsleep mode, SCI3 can be operated when CPU clock is ¢w/2 only.

10.2.6  Serial Control Register 3 (SCR3)

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SCR3 is an 8-bit register for selecting transmit or receive operation, the asynchronous mode clock
output, interrupt request enabling or disabling, and the transmit/receive clock source.

SCR3 can be read or written by the CPU at any time.

SCR3 is initialized to H'0O upon reset, and in standby, module standby or watch mode.
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Bit 7: Transmit interrupt enable (TIE)

Bit 7 selects enabling or disabling of the transmit data empty interrupt request (TXI) when
transmit data is transferred from the transmit data register (TDR) to the transmit shift register
(TSR), and bit TDRE in the serial status register (SSR) is set to 1.

TXI can be released by clearing bit TDRE or bit TIE to 0.

Bit 7

TIE Description

0 Transmit data empty interrupt request (TXI) disabled (initial value)
1 Transmit data empty interrupt request (TXI) enabled

Bit 6: Receive interrupt enable (RIE)

Bit 6 selects enabling or disabling of the receive data full interrupt request (RXI) and the receive
error interrupt request (ERI) when receive data is transferred from the receive shift register (RSR)
to the receive data register (RDR), and bit RDRF in the serial status register (SSR) is set to 1.
There are three kinds of receive error: overrun, framing, and parity.

RXI can be released by clearing bit RDRF or the FER, PER, or OER error flag to 0, or by clearing
bit RIE to 0.

Bit 6

RIE Description

0 Receive data full interrupt request (RXI) and receive error interrupt (initial value)
request (ERI) disabled

1 Receive data full interrupt request (RXI) and receive error interrupt

request (ERI) enabled
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Bit 5: Transmit enable (TE)

Bit 5 selects enabling or disabling of the start of transmit operation.

Bit 5

TE Description

0 Transmit operation disabled™' (TXD pin is I/O port) (initial value)
1 Transmit operation enabled™ (TXD pin is transmit data pin)

Notes: 1. Bit TDRE in SSRis fixed at 1.

2. When transmit data is written to TDR in this state, bit TDR in SSR is cleared to 0 and
serial data transmission is started. Be sure to carry out serial mode register (SMR)
settings, and setting of bit SPC31 or SPC32 in SPCR, to decide the transmission format
before setting bit TE to 1.

Bit 4: Receive enable (RE)

Bit 4 selects enabling or disabling of the start of receive operation.

Bit 4

RE Description

0 Receive operation disabled™' (RXD pin is 1/O port) (initial value)
1 Receive operation enabled™ (RXD pin is receive data pin)

Notes: 1. Note that the RDRF, FER, PER, and OER flags in SSR are not affected when bit RE is
cleared to 0, and retain their previous state.
2. In this state, serial data reception is started when a start bit is detected in asynchronous
mode or serial clock input is detected in synchronous mode. Be sure to carry out serial
mode register (SMR) settings to decide the reception format before setting bit RE to 1.

Bit 3: Reserved (MPIE)

Bit 3 is reserved.
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Bit 2: Transmit end interrupt enable (TEIE)

Bit 2 selects enabling or disabling of the transmit end interrupt request (TEI) if there is no valid
transmit data in TDR when MSB data is to be sent.

Bit 2

TEIE Description

0 Transmit end interrupt request (TEI) disabled (initial value)
1 Transmit end interrupt request (TEI) enabled™

Note: * TEI can be released by clearing bit TDRE to 0 and clearing bit TEND to 0 in SSR, or by
clearing bit TEIE to 0.

Bits 1 and 0: Clock enable 1 and 0 (CKE1, CKE0)

Bits 1 and 0 select the clock source and enabling or disabling of clock output from the SCK, pin.
The combination of CKE1 and CKEOQ determines whether the SCK, pin functions as an I/O port, a
clock output pin, or a clock input pin.

The CKEDO bit setting is only valid in case of internal clock operation (CKE1 = 0) in asynchronous
mode. In synchronous mode, or when external clock operation is used (CKE1 = 1), bit CKEO
should be cleared to 0.

After setting bits CKE1 and CKEQ, set the operating mode in the serial mode register (SMR).

For details on clock source selection, see table 10.9 in 10.3.1, Overview.
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Bit 1 Bit 0 Description

CKE1 CKEO Communication Mode  Clock Source SCK,, Pin Function

0 0 Asynchronous Internal clock /0 port™
Synchronous Internal clock Serial clock output™'

0 1 Asynchronous Internal clock Clock output™
Synchronous Reserved

1 0 Asynchronous External clock Clock input™
Synchronous External clock Serial clock input

1 1 Asynchronous Reserved
Synchronous Reserved

Notes: 1. Initial value
2. A clock with the same frequency as the bit rate is output.
3. Input a clock with a frequency 16 times the bit rate.

10.2.7  Serial Status Register (SSR)

Bit 7 6 5 4 3 2 1 0

\ TDRE \ RDRF \ OER \ FER \ PER \ TEND \ MPBR \ MPBT
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)"  R/(W)"  R/(W  RA(WY R/(W)" R R R/W

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

SSR is an 8-bit register containing status flags that indicate the operational status of SCI3.

SSR can be read or written by the CPU at any time, but only a write of 1 is possible to bits TDRE,
RDREF, OER, PER, and FER. In order to clear these bits by writing 0, 1 must first be read.

Bits TEND and MPBR are read-only bits, and cannot be modified.

SSR is initialized to H'84 upon reset, and in standby, module standby, or watch mode.
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Bit 7: Transmit data register empty (TDRE)

Bit 7 indicates that transmit data has been transferred from TDR to TSR.

Bit 7
TDRE Description
0 Transmit data written in TDR has not been transferred to TSR
Clearing conditions:
After reading TDRE = 1, cleared by writing 0 to TDRE
When data is written to TDR by an instruction
1 Transmit data has not been written to TDR, or transmit data written in TDR has been

transferred to TSR

Setting conditions:

When bit TE in SCRS3 is cleared to 0

When data is transferred from TDR to TSR (initial value)
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Bit 6: Receive data register full (RDRF)

Bit 6 indicates that received data is stored in RDR.

Bit 6
RDRF Description
0 There is no receive data in RDR (initial value)

Clearing conditions:
After reading RDRF = 1, cleared by writing 0 to RDRF
When RDR data is read by an instruction

There is receive data in RDR

Setting condition:
When reception ends normally and receive data is transferred from RSR to RDR

Note: If an error is detected in the receive data, or if the RE bit in SCR3 has been cleared to 0,
RDR and bit RDRF are not affected and retain their previous state.
Note that if data reception is completed while bit RDRF is still set to 1, an overrun error
(OER) will result and the receive data will be lost.

Bit 5: Overrun error (OER)

Bit 5 indicates that an overrun error has occurred during reception.

Bit 5
OER Description
0 Reception in progress or completed™’ (initial value)
Clearing condition:
After reading OER = 1, cleared by writing 0 to OER
1 An overrun error has occurred during reception™
Setting condition:
When reception is completed with RDRF set to 1
Notes: 1. When bit RE in SCRS3 is cleared to 0, bit OER is not affected and retains its previous
state.
2. RDR retains the receive data it held before the overrun error occurred, and data

received after the error is lost. Reception cannot be continued with bit OER set to 1,
and in synchronous mode, transmission cannot be continued either.
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Bit 4: Framing error (FER)

Bit 4 indicates that a framing error has occurred during reception in asynchronous mode.

Bit 4

FER Description

0 Reception in progress or completed™' (initial value)
Clearing condition:
After reading FER = 1, cleared by writing 0 to FER

1 A framing error has occurred during reception

Setting condition:

When the stop bit at the end of the receive data is checked for a value of 1 at the end
of reception, and the stop bit is 0*

Notes: 1. When bit RE in SCR3 is cleared to 0, bit FER is not affected and retains its previous
state.

2. Note that, in 2-stop-bit mode, only the first stop bit is checked for a value of 1, and the
second stop bit is not checked. When a framing error occurs the receive data is
transferred to RDR but bit RDRF is not set. Reception cannot be continued with bit FER
set to 1. In synchronous mode, neither transmission nor reception is possible when bit
FER is set to 1.
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Bit 3: Parity error (PER)

Bit 3 indicates that a parity error has occurred during reception with parity added in asynchronous
mode.

Bit 3

PER Description

0 Reception in progress or completed™’ (initial value)
Clearing condition:
After reading PER = 1, cleared by writing 0 to PER

1 A parity error has occurred during reception™

Setting condition:

When the number of 1 bits in the receive data plus parity bit does not match the parity
designated by bit PM in the serial mode register (SMR)

Notes: 1. When bit RE in SCRS3 is cleared to 0, bit PER is not affected and retains its previous
state.

2. Receive data in which it a parity error has occurred is still transferred to RDR, but bit
RDRF is not set. Reception cannot be continued with bit PER set to 1. In synchronous
mode, neither transmission nor reception is possible when bit FER is set to 1.

Bit 2: Transmit end (TEND)
Bit 2 indicates that bit TDRE is set to 1 when the last bit of a transmit character is sent.

Bit 2 is a read-only bit and cannot be modified.

Bit 2
TEND Description
0 Transmission in progress
Clearing conditions:
After reading TDRE = 1, cleared by writing 0 to TDRE
When data is written to TDR by an instruction
1 Transmission ended (initial value)

Setting conditions:
When bit TE in SCR3 is cleared to 0

When bit TDRE is set to 1 when the last bit of a transmit character is sent
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Bit 1. Reserved (MPBR)

Bit 1 is reserved.

It is a read-only bit and cannot be modified.
Bit 0: Reserved (MPBT)

Bit 0 is reserved.

The write value should always be 0.

10.2.8 Bit Rate Register (BRR)

Bit 7 6 5 4 3 > i 0

\ BRR7 | BRR6 BRRs BRR4 | BRR3 | BRR2 | BRR1 | BRRO
Initial value 1 i 1 1 1 1 i 1
ReadWrite =~ RW RW RW RW RW RW RW RW

BRR is an 8-bit register that designates the transmit/receive bit rate in accordance with the baud
rate generator operating clock selected by bits CKS1 and CKSO of the serial mode register (SMR).

BRR can be read or written by the CPU at any time.
BRR is initialized to H'FF upon reset, and in standby, module standby, or watch mode.

Table 10.3 shows examples of BRR settings in asynchronous mode. The values shown are for
active (high-speed) mode.
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Table10.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (1)

oscC

32.8 kHz 38.4 kHz 2 MHz 2.4576 MHz 4 MHz
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 Cannotbe used, — — — —_ - — 2 21 083 — — —
150 :ic‘zr;‘(’jrs g, 0 38 0 2 12 0163 3 0 2 25 016
200 0o 2 0 0 155 0.16 3 2 0 _- - —
250 —_ = - 0 124 0 0 153 -026 0 249 0
300 0 1 0 0 103 0.16 3 1 0 2 12 0.16
600 0O 0 O 0O 51 016 3 0 O 0 103 0.16
1200 _ - — 0 25 016 2 1 0 0 51 0.16
2400 - - — 0 12 016 2 0 O 0 25 0.16
4800 - = — - - — o 7 o0 0 12 0.16
9600 - - — _ - - o 3 ©0 - = -
19200 —_ - - —_ = - 0 1 0 —_ = -
31250 _ - — 0O O O - = — 0 1 0
38400 _- - — - - — 0O 0 O - - —
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Table10.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (2)

OSC
10 MHz 16 MHz
Bit Rate Error Error
(bit/s) n N (%) n N (%)
110 2 88 -0.25 2 141 0.03
150 2 64 016 2 103 0.16
200 2 48 -035 2 77 0.16
250 2 38 016 2 62 -0.79
300 — — — 2 51 0.6
600 — — — 2 25 0.16
1200 0 129 0.16 0 207 0.16
2400 0O 64 016 0 103 0.16
4800 - - - 0 51 0.16
9600 - - = 0 25 0.16
19200 —_ = — 0 12 0.16
31250 0 4 0 0o 7 0
38400 - = = = = =
Notes: 1. The setting should be made so that the error is not more than 1%.
2. The value set in BRR is given by the following equation:
N OSZC ~
(64 x 2" x B)
where B: Bit rate (bit/s)

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

OSC: Value of ¢, (Hz)

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

(The relation between n and the clock is shown in table 10.4.)
3. The error in table 10.3 is the value obtained from the following equation, rounded to

two decimal places.

B (rate obtained from n, N, OSC) — R(bit rate in left-hand column in table 10.3.)
Error (%) = x 100
R (bit rate in left-hand column in table 10.3.)
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Table10.4 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO
0 ) 0 0
0 0,/2%'0," 0 1
2 ¢/16 1 0
3 ¢/64 1 1

Notes: 1. ¢ w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. & w clock in subactive mode and subsleep mode
In subactive or subsleep mode, SCI3 can be operated when CPU clock is ¢w/2 only.

Table 10.5 shows the maximum bit rate for each frequency. The values shown are for active (high-
speed) mode.

Table10.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Setting
OSC (MHz) Maximum Bit Rate (bit/s) n N
0.0384* 600 0 0
2 31250 0 0
2.4576 38400 0 0
4 62500 0 0
10 156250 0 0
16 250000 0 0

*: When SMR is set up to CKS1 = “0", CKS0 = “1”.

Table 10.6 shows examples of BRR settings in synchronous mode. The values shown are for
active (high-speed) mode.
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Table10.6 Examplesof BRR Settingsfor Various Bit Rates (Synchronous M ode)

OoSsC

Bit Rate 38.4 kHz 2 MHz 4 MHz 10 MHz 16 MHz
(bit/s) n N  Error n N  Error n N  Error n N  Error n N  Error

200 0O 230  — — — - - - - - - - = =

250 - — — — — — 2 1240 — — — 3 1240
300 2 0 0 — — — - — — — — — - — —
500 - — — - — — — — — 2 2490
1K 0 2490 — — — — — — 2 1240
2.5K 0 99 0 0 190 — — — 2 49 0
5K 0O 49 0 0 99 0 0 2490 2 24 0
10K 0O 24 0 0 49 0 0 1240 0 19 0
25K 0 0o 0 19 0 0 49 0 0 79 0
50K 0 0o 0 9 0 0 24 0 0 39 0
100K — — — 0 4 0 — — — 0 190
250K o 0o 0 0 1 0 0 4 0 0 0
500K 0o 0 0 — — — 0 0
M - — — 0 0

Blank: Cannot be set.
— A setting can be made, but an error will result.

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

B OSC
(8 x2" xB)

where B: Bit rate (bit/s)
N:  Baud rate generator BRR setting (0 < N < 255)
OSC: Value of ¢, (Hz)
n: Baud rate generator input clock number (n =0, 2, or 3)

(The relation between n and the clock is shown in table 10.7.)
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Table10.7 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO0
0 [0 0 0
0 0,/2""0,* 0 1
2 /16 1 0
3 /64 1 1

Notes: 1. ¢w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. ow clock in subactive mode and subsleep mode
In subactive or subsleep mode, SCI3 can be operated when CPU clock is ¢w/2 only.

10.29 Clock Stop Register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0
| — |831CKSTP|SSZCKSTP| ADCKSTP | TGCKSTP | TFCKSTP |TCCKSTP | TACKSTP ‘

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

CKSTPRI1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bits relating to SCI3 are described here. For details of the other bits, see the
sections on the relevant modules.

Bit 6: SCI31 module standby mode control (S31CKSTP)
Bit 6 controls setting and clearing of module standby mode for SCI31.

S31CKSTP Description

0 SCI31 is set to module standby mode

1 SCI31 module standby mode is cleared (initial value)
Note: All SCI31 register is initialized in module standby mode.
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Bit 5: SCI32 module standby mode control (S32CKSTP)
Bit 5 controls setting and clearing of module standby mode for SCI32.

S32CKSTP Description
0 SCI32 is set to module standby mode

1 SCI32 module standby mode is cleared (initial value)

Note: All SCI32 register is initialized in module standby mode.

10.2.10 Serial Port Control Register (SPCR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘SPCSZ ‘SPCB1 ‘SCINV3 ‘SCINVE ‘SCINV1 ‘SCINVO
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

SPCR is an 8-bit readable/writable register that performs RXD,,, RXD,,, TXD,,, and TXD,, pin
input/output data inversion switching. SPCR is initialized to H'CO by a reset.

Bits 7 and 6: Reserved bits
Bits 7 and 6 are reserved; they are always read as 1 and cannot be modified.
Bit 5: P4,/TXD,, pin function switch (SPC32)

This bit selects whether pin P4,/TXD,, is used as P4, or as TXD,,.

Bit 5

SPC32 Description

0 Functions as P4, I/O pin (initial value)
1 Functions as TXD,, output pin®

Note: * Setthe TE bit in SCR3 after setting this bit to 1.
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Bit 4: P3,/TXD,, pin function switch (SPC31)

This bit selects whether pin P3,/TXD,, is used as P3, or as TXD,,.

Bit 4

SPC31 Description

0 Functions as P3; I/O pin (initial value)
1 Functions as TXD,, output pin*

Note: * Setthe TE bit in SCR3 after setting this bit to 1.

Bit 3: TXD,, pin output data inversion switch

Bit 3 specifies whether or not TXD,, pin output data is to be inverted.

Bit 3

SCINV3 Description

0 TXD,, output data is not inverted (initial value)
1 TXD,, output data is inverted

Bit 2: RXD,, pin input data inversion switch

Bit 2 specifies whether or not RXD,, pin input data is to be inverted.

Bit 2

SCINV2 Description

0 RXD,, input data is not inverted (initial value)
1 RXD,, input data is inverted

Bit 1: TXD,, pin output data inversion switch

Bit 1 specifies whether or not TXD,, pin output data is to be inverted.

Bit 1

SCINV1 Description

0 TXD,, output data is not inverted (initial value)
1 TXD,, output data is inverted
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Bit 0: RXD,, pin input data inversion switch

Bit 0 specifies whether or not RXD,, pin input data is to be inverted.

Bit 0

SCINVO Description

0 RXD,, input data is not inverted (initial value)
1 RXD,, input data is inverted
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10.3  Operation

10.3.1 Overview

SCI3 can perform serial communication in two modes: asynchronous mode in which
synchronization is provided character by character, and synchronous mode in which
synchronization is provided by clock pulses. The serial mode register (SMR) is used to select
asynchronous or synchronous mode and the data transfer format, as shown in table 10.8.

The clock source for SCI3 is determined by bit COM in SMR and bits CKE1 and CKEO in SCR3,
as shown in table 10.9.

(1) Synchronous Mode

e Choice of 5-, 7-, or 8-bit data length

e Choice of parity addition, and addition of 1 or 2 stop bits. (The combination of these
parameters determines the data transfer format and the character length.)

e Framing error (FER), parity error (PER), overrun error (OER), and break detection during
reception

e Choice of internal or external clock as the clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, and a clock
with the same frequency as the bit rate can be output.

When external clock is selected: A clock with a frequency 16 times the bit rate must be input.
(The on-chip baud rate generator is not used.)

(2) SynchronousMode

e Data transfer format: Fixed 8-bit data length

e Opverrun error (OER) detection during reception

e Choice of internal or external clock as the clock source
When internal clock is selected: SCI3 operates on the baud rate generator clock, and a serial
clock is output.
When external clock is selected: The on-chip baud rate generator is not used, and SCI3
operates on the input serial clock.
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Table10.8 SMR Settingsand Corresponding Data Transfer Formats

SMR Data Transfer Format
Bit7 Bit6 Bit2 Bit5 Bit3 Stop Bit
COM CHR MP PE STOP Mode Data Length Parity Bit Length
0 0 0 0 0 Asynchronous 8-bit data No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 0 0 Setting
1 prohibited
1 0 Asynchronous 5-bit data No 1 bit
1 mode 2 bits
1 0 0 Setting
1 prohibited
1 0 Asynchronous 5-bit data Yes 1 bit
1 mode 2 bits
1 * 0 * * Synchronous 8-bit data No No
mode
*: Don’t care
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Table10.9 SMR and SCR3 Settingsand Clock Sour ce Selection

SMR SCR3

Bit7 Bitl BitO

Transmit/Receive Clock

COM CKE1l CKEO Mode gi)oucrlze SCK,, Pin Function
0 0 0 Asynchronous Internal I/0 port (SCK,, pin not used)
1 mode Outputs clock with same frequency as bit rate
1 0 External Outputs clock with frequency 16 times bit rate
1 0 0 Synchronous  Internal Outputs serial clock
1 0 mode External Inputs serial clock
0 1 1 Reserved (Do not specify these combinations)
1 0 1
1 1 1
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(3) Interruptsand Continuous Transmission/Reception

SCI3 can carry out continuous reception using RXI and continuous transmission using TXI. These
interrupts are shown in table 10.10.

Table 10.10 Transmit/Receive Interrupts

Interrupt Flags Interrupt Request Conditions Notes
RXI RDRF When serial reception is performed The RXI interrupt routine reads the
RIE normally and receive data is transferred receive data transferred to RDR
from RSR to RDR, bit RDRF is set to 1, and clears bit RDRF to 0.
and if bit RIE is set to 1 at this time, RXI Continuous reception can be
is enabled and an interrupt is requested. performed by repeating the above
(See figure 10.2(a).) operations until reception of the
next RSR data is completed.
TXI TDRE When TSR is found to be empty (on The TXI interrupt routine writes the
TIE completion of the previous transmission) next transmit data to TDR and
and the transmit data placed in TDRis  clears bit TDRE to 0. Continuous
transferred to TSR, bit TDRE is set to 1. transmission can be performed by
If bit TIE is set to 1 at this time, TXl is repeating the above operations until
enabled and an interrupt is requested.  the data transferred to TSR has
(See figure 10.2(b).) been transmitted.
TEI TEND When the last bit of the character in TEl indicates that the next transmit
TEIE TSR is transmitted, if bit TDRE is set to data has not been written to TDR

when the last bit of the transmit
character in TSR is sent.

1, bit TEND is set to 1. If bit TEIE is set
to 1 at this time, TEl is enabled and an
interrupt is requested. (See figure
10.2(c).)

Rev. 1.00 May 30, 2008 Page 315 of 484

RENESAS REJ09B0436-0100



Section 10 Serial Communication Interface

RDR RDR
RSR (reception in progress) RSRT (reception completed, transfer)
RXDgy pin o_>| | | RXDgy pin o_>| |
RDRF =0 RDRF « 1

(RXI request when RIE = 1)

Figure10.2 () RDRF Setting and RXI Interrupt

TDR (next transmit data) TDR
TSR (transmission in progress) TSR (transmission completed, transfer)
TDRE =0 TDRE « 1

(TXI request when TIE = 1)

Figure10.2 (b) TDRE Setting and TXI Interrupt

TDR TDR
TSR (transmission in progress) TSR (reception completed)
TXDygy pin O<—| | | TXDgy pin 0<—| |
TEND =0 TEND « 1

(TEI request when TEIE = 1)

Figure10.2 (c) TEND Setting and TEI Interrupt

Rev. 1.00 May 30, 2008 Page 316 of 484
REJ09B0436-0100 RENESAS




Section 10 Serial Communication Interface

10.3.2  Operation in Asynchronous Mode

In asynchronous mode, serial communication is performed with synchronization provided
character by character. A start bit indicating the start of communication and one or two stop bits
indicating the end of communication are added to each character before it is sent.

SCI3 has separate transmission and reception units, allowing full-duplex communication. As the
transmission and reception units are both double-buffered, data can be written during transmission
and read during reception, making possible continuous transmission and reception.

(1) DataTransfer Format

The general data transfer format in asynchronous communication is shown in figure 10.3.

(LSB) (MSB) 1
Serial | Start . . Parity Stop Mark
data bit Transmit/receive data bit bit(s) state
1 bit 5, 7, or 8 bits 1 bit 1 or 2 bits
or none

One transfer data unit (character or frame)

Figure10.3 Data Format in Asynchronous Communication

In asynchronous communication, the communication line is normally in the mark state (high
level). SCI3 monitors the communication line and when it detects a space (low level), identifies
this as a start bit and begins serial data communication.

One transfer data character consists of a start bit (low level), followed by transmit/receive data
(LSB-first format, starting from the least significant bit), a parity bit (high or low level), and
finally one or two stop bits (high level).

In asynchronous mode, synchronization is performed by the falling edge of the start bit during
reception. The data is sampled on the 8th pulse of a clock with a frequency 16 times the bit period,
so that the transfer data is latched at the center of each bit.

Table 10.11 shows the 16 data transfer formats that can be set in asynchronous mode. The format
is selected by the settings in the serial mode register (SMR).
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Table 10.11 Data Transfer Formats (Asynchronous M ode)

SMR Serial Data Transfer Format and Frame Length
CHR PE MP STOP 1,2 ,3 4,5, 6 7 8 9 10,11 12,
0 0 0 0 | s | 8-bit data |ST0P|
0 0 0 1 | S | 8-bit data |STOP|STOP|
0 0 1 0 Setting prohibited
o o 1 1 Setting prohibited
0 1 0 0 | S | 8-bit data | P |STOP|
0 1 0 ! | S | 8-bit data | P |STOP|STOP|
0 1 1 0 | S | 5-bit data |STOP|
0 1 ! ! | S | 5-bit data |STOP|STOP|
0 0 0 | s | 7-bit data |STOP|
1 0 0 1 | S | 7-bit data |STOP|STOP|
1 o 1 0 Setting prohibited
1 0 1 1 Setting prohibited
1 1 0 0 |S | 7-bit data | P |STOF’|
1 1 0 1 |S | 7-bit data | P |STOP|STOP|
1 1 1 0 |S | 5-bit data | P |STOP|
1 1 1 1 |S | 5-bit data | P |STOP|STOP|
Legend:
S: Start bit
STOP: Stop bit
P: Parity bit
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(2) Clock

Either an internal clock generated by the baud rate generator or an external clock input at the
SCK,, pin can be selected as the SCI3 transmit/receive clock. The selection is made by means of
bit COM in SMR and bits SCE1 and CKEO in SCR3. See table 10.9 for details on clock source
selection.

When an external clock is input at the SCK,_pin, the clock frequency should be 16 times the bit
rate.

When SCI3 operates on an internal clock, the clock can be output at the SCK,_ pin. In this case the
frequency of the output clock is the same as the bit rate, and the phase is such that the clock rises
at the center of each bit of transmit/receive data, as shown in figure 10.4.

Clock

Serial | 0 | Do | D1 |D2|D3| D4 D5 D6 |D7]0M] 1 1
data

1 character (1 frame)

Figure10.4 Phase Relationship between Output Clock and Transfer Data
(Asynchronous M ode) (8-bit data, parity, 2 stop bits)

(3) DataTransfer Operations

SCl3initialization: Before data is transferred on SCI3, bits TE and RE in SCR3 must first be
cleared to 0, and then SCI3 must be initialized as follows.

Note: If the operation mode or data transfer format is changed, bits TE and RE must first be
cleared to 0.
When bit TE is cleared to 0, bit TDRE is set to 1.
Note that the RDRF, PER, FER, and OER flags and the contents of RDR are retained
when RE is cleared to 0.
When an external clock is used in asynchronous mode, the clock should not be stopped
during operation, including initialization. When an external clock is used in synchronous
mode, the clock should not be supplied during operation, including initialization.
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Figure 10.5 shows an example of a flowchart for initializing SCI3.

( Start )

Clear bits TE and
RE to 0 in SCR3

Set bits CKE1 1. Set clock selectign in SCR3. Be sure to
and CKEO clear the other bits to 0. If clock output
is selected in asynchronous mode, the
clock is output immediately after setting
bits CKE1 and CKEQO. If clock output is

Set data transfer selected for reception in synchronous
2 format in SMR mode, the clock is output immediately
after bits CKE1, CKEQ, and RE are
setto 1.

2. Set the data transfer format in the serial

3 | Setvaluein BRR mode register (SMR).
- Wait 3. Write the value corresponding to the
transfer rate in BRR. This operation is

not necessary when an external clock
is selected.

Has 1-bit period
elapsed?
4. Wait for at least one bit period, then set

Yes bits TIE, RIE, and TEIE in SCR3,
] and set bits RE and TE to 1 in PMR?7.
Set bits SPC31 and Setting bits TE and RE enables the TXD3x

SPC32to 1in SPCR and RXD3x pins to be used. In asynchronous
\ mode the mark state is established when
Set bits TIE, RIE, transmitting, and the idle state waiting for
and TEIE in SCR3, a start bit when receiving.
4 and set bits
RE and TE to 1
in PMR7

End

Figure10.5 Example of SCI3 Initialization Flowchart
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Transmitting: Figure 10.6 shows an example of a flowchart for data transmission. This procedure
should be followed for data transmission after initializing SCI3.

Sets bits SPC31 and
SPC32to 1in SPCR

Read bit TDRE
1 in SSR

-

No

Yes

Write transmit
data to TDR

Continue data
transmission?

Read bit TEND
in SSR

o>
Yes
Yes

Set PDR =0,
PCR =1

Clear bit TE to 0
in SCR3

Read the serial status register (SSR)

and check that bit TDRE is set to 1,

then write transmit data to the transmit
data register (TDR). When data is

written to TDR, bit TDRE is cleared to 0
automatically.

(After the TE bit is set to 1, one frame of
1s is output, then transmission is possible.)

When continuing data transmission,

be sure to read TDRE = 1 to confirm that
a write can be performed before writing
data to TDR. When data is written to
TDR, bit TDRE is cleared to 0
automatically.

If a break is to be output when data
transmission ends, set the port PCR to 1
and clear the port PDR to 0, then clear bit
TE in SCR3 to 0.

Figure 10.6 Example of Data Transmission Flowchart (Asynchronous M ode)

RENESAS
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SCI3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0, recognizes that data has been written
to TDR and transfers data from TDR to TSR. It then sets bit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 is set to 1 at this time, a TXI request is made.

Serial data is transmitted from the TXD3x pin using the relevant data transfer format in table
10.11. When the stop bit is sent, SCI3 checks bit TDRE. If bit TDRE is cleared to 0, SCI3
transfers data from TDR to TSR, and when the stop bit has been sent, starts transmission of the
next frame. If bit TDRE is set to 1, bit TEND in SSR bit is set to 1the mark state, in which 1s are
transmitted, is established after the stop bit has been sent. If bit TEIE in SCR3 is set to 1 at this
time, a TEI request is made.

Figure 10.12 shows an example of the operation when transmitting in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark
bit data bit  bit bit data bit  bit state
Seral 1 | 0 [po|[D1]|  [p7][o1] 1| o [po|D1] | D7 [oi1] A 1
data
| 1 frame | 1 frame |

TDRE ) | !

TEND ? T ) ? 2 li

LSI TXI request TDRE TXI request TEI request
operation cleared to O

User Data written

processing to TDR

Figure10.7 Example of Operation when Transmitting in Asynchronous Mode
(8-bit data, parity, 1 stop bit)
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Receiving: Figure 10.8 shows an example of a flowchart for data reception. This procedure should
be followed for data reception after initializing SCI3.

( Start )

1 Read bits OER, 1. Read bits OER, PER, and FER in the

PER, FER in SSR serial status register (SSR) to determine
if there is an error. If a receive error has
occurred, execute receive error
processing.

2. Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data
in RDR. When the RDR data is read,
bit RDRF is cleared to 0 automatically.

5 Read bit RDRF
in SSR 3. When continuing data reception, finish

reading of bit RDRF and RDR before
receiving the stop bit of the current
frame. When the data in RDR is read,
No bit RDRF is cleared to 0 automatically.

Yes

Read receive
data in RDR

4 Receive error
processing

3 Continue data Yes
reception?

No

Clear bit RE to
0in SCR3

End

Figure10.8 Example of Data Reception Flowchart (Asynchronous M ode)
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Start receive
error processing

Overrun error
processing

]

Break?

No

Framing error
processing

]

Clear bits OER, PER,
FER to 0 in SSR

Parity error
processing

End of receive
error processing

L

4.

If a receive error has
occurred, read bits OER,
PER, and FER in SSR to
identify the error, and after
carrying out the necessary
error processing, ensure
that bits OER, PER, and
FER are all cleared to 0.
Reception cannot be
resumed if any of these
bits is setto 1. In the case
of a framing error, a break
can be detected by reading
the value of the RXDgy pin.

Figure 10.8 Example of Data Reception Flowchart (Asynchronous Mode) (cont)
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SCI3 operates as follows when receiving data.

SCI3 monitors the communication line, and when it detects a O start bit, performs internal
synchronization and begins reception. Reception is carried out in accordance with the relevant data
transfer format in table 10.11. The received data is first placed in RSR in LSB-to-MSB order, and
then the parity bit and stop bit(s) are received. SCI3 then carries out the following checks.

e Parity check

SCI3 checks that the number of 1 bits in the receive data conforms to the parity (odd or even)
set in bit PM in the serial mode register (SMR).

e Stop bit check
SCI3 checks that the stop bit is 1. If two stop bits are used, only the first is checked.
e Status check

SCI3 checks that bit RDREF is set to 0, indicating that the receive data can be transferred from
RSR to RDR.

If no receive error is found in the above checks, bit RDRF is set to 1, and the receive data is stored
in RDR. If bit RIE is set to 1 in SCR3, an RXT interrupt is requested. If the error checks identify a
receive error, bit OER, PER, or FER is set to 1 depending on the kind of error. Bit RDRF retains
its state prior to receiving the data. If bit RIE is set to 1 in SCR3, an ERI interrupt is requested.

Table 10.12 shows the conditions for detecting a receive error, and receive data processing.

Note: No further receive operations are possible while a receive error flag is set. Bits OER, FER,
PER, and RDRF must therefore be cleared to 0 before resuming reception.

Table 10.12 Receive Error Detection Conditions and Receive Data Processing

Receive Error  Abbr. Detection Conditions Receive Data Processing

Overrun error OER When the next date receive Receive data is not transferred
operation is completed while bit from RSR to RDR
RDREF is still set to 1 in SSR

Framing error FER When the stop bitis 0 Receive data is transferred from
RSR to RDR
Parity error PER When the parity (odd or even) set  Receive data is transferred from

in SMR is different from that of the RSR to RDR
received data
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Figure 10.9 shows an example of the operation when receiving in asynchronous mode.

Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit bit bit data bit  bit (idle state)
Serial 1 | 0 [po[D1][  [p7[o1] 1| o [po[D1] | [p7]on] o] 1
data ¢ ¢
1 frame 1 frame

\ [ !
RDRF ) )
FER . f i "

LSl RXlI request RDRF O startbit ERI requestin
operation cleared to 0 detected response to
framing error
User RDR data read Framing error
processing processing

Figure10.9 Example of Operation when Receiving in Asynchronous M ode
(8-bit data, parity, 1 stop bit)
10.3.3  Operation in Synchronous Mode

In synchronous mode, SCI3 transmits and receives data in synchronization with clock pulses. This
mode is suitable for high-speed serial communication.

SCI3 has separate transmission and reception units, allowing full-duplex communication with a
shared clock.

As the transmission and reception units are both double-buffered, data can be written during
transmission and read during reception, making possible continuous transmission and reception.
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(1) DataTransfer Format

The general data transfer format in asynchronous communication is shown in figure 10.10.

Serial
clock W
LSB MSB

*
Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 {

Serial
data

Don't . Don't
care 8 bits care

One transfer data unit (character or frame)

Note: * High level except in continuous transmission/reception

Figure10.10 Data Format in Synchronous Communication

In synchronous communication, data on the communication line is output from one falling edge of
the serial clock until the next falling edge. Data confirmation is guaranteed at the rising edge of the
serial clock.

One transfer data character begins with the LSB and ends with the MSB. After output of the MSB,
the communication line retains the MSB state.

When receiving in synchronous mode, SCI3 latches receive data at the rising edge of the serial
clock.

The data transfer format uses a fixed 8-bit data length.
Parity bits cannot be added.
(2) Clock

Either an internal clock generated by the baud rate generator or an external clock input at the
SCK,, pin can be selected as the SCI3 serial clock. The selection is made by means of bit COM in
SMR and bits CKE1 and CKEO in SCR3. See table 10.9 for details on clock source selection.

When SCI3 operates on an internal clock, the serial clock is output at the SCK, pin. Eight pulses
of the serial clock are output in transmission or reception of one character, and when SCI3 is not
transmitting or receiving, the clock is fixed at the high level.
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(3) DataTransfer Operations

SCl3initialization: Data transfer on SCI3 first of all requires that SCI3 be initialized as described
in 10.3.2.3. SCI3 initialization, and shown in figure 10.5.

Transmitting: Figure 10.11 shows an example of a flowchart for data transmission. This
procedure should be followed for data transmission after initializing SCI3.

Sets bits SPC31 and
SPC32to 1in SPCR

Fi

] 1. Read the serial status register (SSR) and
| Reac_i bit TDRE check that bit TDRE is set to 1, then write
in SSR transmit data to the transmit data register

(TDR). When data is written to TDR, bit
TDRE is cleared to 0 automatically, the
No clock is output, and data transmission is
started. When clock output is selected,
the clock is output and data transmission
Yes started when data is written to TDR.

Write transmit 2. When continuing data transmis_sion, be
data to TDR sure to read TDRE = 1 to confirm that

a write can be performed before writing

data to TDR. When data is written to

TDR, bit TDRE is cleared to 0 automatically.

Continue data
fransmission?

Read bit TEND
in SSR

No

Yes

Clear bit TE to 0
in SCR3

Figure10.11 Example of Data Transmission Flowchart (Synchronous M ode)
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SCI3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0, recognizes that data has been written
to TDR and transfers data from TDR to TSR. It then sets bit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 is set to 1 at this time, a TXI request is made.

When clock output mode is selected, SCI3 outputs 8 serial clock pulses. When an external clock is
selected, data is output in synchronization with the input clock.

Serial data is transmitted from the TXD3x pin in order from the LSB (bit 0) to the MSB (bit 7).
When the MSB (bit 7) is sent, checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR, and starts transmission of the next frame. If bit TDRE is set to 1, SCI3 sets bit
TEND to 1 in SSR, and after sending the MSB (bit 7), retains the MSB state. If bit TEIE in SCR3
is set to 1 at this time, a TEI request is made.

After transmission ends, the SCK pin is fixed at the high level.

Note: Transmission is not possible if an error flag (OER, FER, or PER) that indicates the data
reception status is set to 1. Check that these error flags are all cleared to 0 before a
transmit operation.

Figure 10.12 shows an example of the operation when transmitting in synchronous mode.

Serial — ! L
clock M(/—\_/—\ W

: {¢ {t
Serial Bit O Bit 1 Bit 7 Bit 0 Bit 1 Bit 6 Bit 7
data | 2 "

(

1 frame 1 frame

TDRE '
Teno ! . ! ,

LSI TXI request TDRE cleared  TXI request TEI request
operation to0

User Data written

processing to TDR

Figure10.12 Example of Operation when Transmitting in Synchronous Mode
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Receiving: Figure 10.13 shows an example of a flowchart for data reception. This procedure
should be followed for data reception after initializing SCI3.

Start

I

Read bit OER . . ) .
1 in SSR 1. Read bit OER in the serial status register

(SSR) to determine if there is an error.
If an overrun error has occurred, execute
overrun error processing.

2. Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data in

No RDR. When the RDR data is read, bit

RDRF is cleared to 0 automatically.

Read bit RDRF
2 in SSR 3. When continuing data reception, finish
reading of bit RDRF and RDR before

receiving the MSB (bit 7) of the current
frame. When the data in RDR is read,

No bit RDRF is cleared to 0 automatically.
=
4. If an overrun error has occurred, read bit
Yes OER in SSR, and after carrying out the
necessary error processing, clear bit OER
Read receive to 0. Reception cannot be resumed if bit
data in RDR OERis setto 1.
4 Overrun error
processing
I

Continue data
reception?

Clear bit RE to 4 Start overrun
0in SCR3 error processing
Qverrun error

processing

Clear bit OER to
0in SSR

End of overrun
error processing

Figure 10.13 Example of Data Reception Flowchart (Synchronous Mode)
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SCI3 operates as follows when receiving data.

SCI3 performs internal synchronization and begins reception in synchronization with the serial
clock input or output.

The received data is placed in RSR in LSB-to-MSB order.

After the data has been received, SCI3 checks that bit RDRF is set to 0, indicating that the receive
data can be transferred from RSR to RDR.

If this check shows that there is no overrun error, bit RDRF is set to 1, and the receive data is
stored in RDR. If bit RIE is set to 1 in SCR3, an RXT interrupt is requested. If the check identifies
an overrun error, bit OER is set to 1.

Bit RDRF remains set to 1. If bit RIE is set to 1 in SCR3, an ERI interrupt is requested.
See table 10.12 for the conditions for detecting a receive error, and receive data processing.

Note: No further receive operations are possible while a receive error flag is set. Bits OER, FER,
PER, and RDRF must therefore be cleared to 0 before resuming reception.

Figure 10.14 shows an example of the operation when receiving in synchronous mode.

Serial /—\_/—\ L

clock J\ZMM AVAVWAYE
. {
jstga' Bit 7 Bit 0 Bit 7 Bit0 Bit 1 Bit6 Bit 7

1 frame 1 frame

RDRF [ ]‘1 ‘

OER / T
| f

LSl RXI request RDRE cleared RXI request ERI request in
operation to 0 response to
overrun error
User RDR data read RDR data has Overrun error
processing not been read processing
(RDRF = 1)

Figure10.14 Example of Operation when Receiving in Synchronous M ode
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Simultaneoustransmit/receive: Figure 10.15 shows an example of a flowchart for a
simultaneous transmit/receive operation. This procedure should be followed for simultaneous
transmission/reception after initializing SCI3.

Sets bits SPC31 and
SPC32to 1in SPCR

\
I
" 1. Read the serial status register (SSR) and
Read bit TDRE
1 in SSR check that bit TDRE is set to 1, then write
transmit data to the transmit data register
(TDR). When data is written to TDR, bit
TDRE is cleared to 0 automatically.

2. Read SSR and check that bit RDRF is set
to 1. Ifitis, read the receive data in RDR.
Yes When the RDR data is read, bit RDRF is

) . cleared to 0 automatically.
Write transmit
data to TDR 3. When continuing data transmission/reception,
finish reading of bit RDRF and RDR before
receiving the MSB (bit 7) of the current frame.
Read bit OER Before receiving the MSB (bit 7) of the current
in SSR frame, also read TDRE = 1 to confirm that a
write can be performed, then write data to TDR.
When data is written to TDR, bit TDRE is cleared
to 0 automatically, and when the data in RDR is
Yes read, bit RDRF is cleared to 0 automatically.
OER=1?
4. If an overrun error has occurred, read bit OER
No in SSR, and after carrying out the necessary
error processing, clear bit OER to 0. Transmis-
Read bit RDRF sion and reception cannot be resumed if bit
2 in SSR OER is setto 1.
See figure 10.13 for details on overrun error
processing.
No
Yes
Read receive data
in RDR
Overrun error
4 processing
o

Continue data
transmission/reception?

Clear bits TE and
RE to 0 in SCR3

End

Figure10.15 Example of Simultaneous Data Transmission/Reception Flowchart
(Synchronous M ode)
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Notes: 1. When switching from transmission to simultaneous transmission/reception, check that
SCI3 has finished transmitting and that bits TDRE and TEND are set to 1, clear bit TE
to 0, and then set bits TE and RE to 1 simultaneously.

2. When switching from reception to simultaneous transmission/reception, check that
SCI3 has finished receiving, clear bit RE to 0, then check that bit RDRF and the error
flags (OER, FER, and PER) are cleared to 0, and finally set bits TE and RE to 1
simultaneously.
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10.4  Interrupts

SCI3 can generate six kinds of interrupts: transmit end, transmit data empty, receive data full, and
three receive error interrupts (overrun error, framing error, and parity error). These interrupts have
the same vector address.

The various interrupt requests are shown in table 10.13.

Table 10.13 SCI3 Interrupt Requests

Interrupt Abbr. Interrupt Request Vector Address
RXI Interrupt request initiated by receive data full flag (RDRF) H'0022/H'0024
TXI Interrupt request initiated by transmit data empty flag (TDRE)

TEI Interrupt request initiated by transmit end flag (TEND)

ERI Interrupt request initiated by receive error flag

(OER, FER, PER)

Each interrupt request can be enabled or disabled by means of bits TIE and RIE in SCR3.

When bit TDRE is set to 1 in SSR, a TXI interrupt is requested. When bit TEND is set to 1 in
SSR, a TEI interrupt is requested. These two interrupts are generated during transmission.

The initial value of bit TDRE in SSR is 1. Therefore, if the transmit data empty interrupt request
(TXI) is enabled by setting bit TIE to 1 in SCR3 before transmit data is transferred to TDR, a TXI
interrupt will be requested even if the transmit data is not ready.

Also, the initial value of bit TEND in SSR is 1. Therefore, if the transmit end interrupt request
(TEI) is enabled by setting bit TEIE to 1 in SCR3 before transmit data is transferred to TDR, a TEI
interrupt will be requested even if the transmit data has not been sent.

Effective use of these interrupt requests can be made by having processing that transfers transmit
data to TDR carried out in the interrupt service routine.

To prevent the generation of these interrupt requests (TXI and TEI), on the other hand, the enable
bits for these interrupt requests (bits TIE and TEIE) should be set to 1 after transmit data has been
transferred to TDR.

When bit RDRF is set to 1 in SSR, an RXT interrupt is requested, and if any of bits OER, PER, and
FER is set to 1, an ERI interrupt is requested. These two interrupt requests are generated during
reception.

For further details, see section 3.3, Interrupts.
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10.5 Application Notes
The following points should be noted when using SCI3.
(1) Relation between Writesto TDR and Bit TDRE

Bit TDRE in the serial status register (SSR) is a status flag that indicates that data for serial
transmission has not been prepared in TDR. When data is written to TDR, bit TDRE is cleared to
0 automatically. When SCI3 transfers data from TDR to TSR, bit TDRE is set to 1.

Data can be written to TDR irrespective of the state of bit TDRE, but if new data is written to
TDR while bit TDRE is cleared to 0, the data previously stored in TDR will be lost of it has not
yet been transferred to TSR. Accordingly, to ensure that serial transmission is performed
dependably, you should first check that bit TDRE is set to 1, then write the transmit data to TDR
once only (not two or more times).

(2) Operation when a Number of Receive Errors Occur Simultaneously

If a number of receive errors are detected simultaneously, the status flags in SSR will be set to the
states shown in table 10.14. If an overrun error is detected, data transfer from RSR to RDR will
not be performed, and the receive data will be lost.

Table 10.14 SSR Status Flag States and Receive Data Transfer

SSR Status Flags Receive Data Transfer
RDRF* OER FER PER RSR — RDR Receive Error Status
1 1 0 0 X Overrun error
0 0 1 0 (0] Framing error
0 0 0 1 (0] Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 (0] Framing error + parity error
1 1 1 1 X Overrun error + framing error + parity error

O : Receive data is transferred from RSR to RDR.
X : Receive data is not transferred from RSR to RDR.

Note: * Bit RDRF retains its state prior to data reception. However, note that if RDR is read
after an overrun error has occurred in a frame because reading of the receive data in
the previous frame was delayed, RDRF will be cleared to 0.
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(3) Break Detection and Processing

When a framing error is detected, a break can be detected by reading the value of the RXD, pin
directly. In a break, the input from the RXD, pin becomes all Os, with the result that bit FER is set
and bit PER may also be set.

SCI3 continues the receive operation even after receiving a break. Note, therefore, that even
though bit FER is cleared to 0 it will be set to 1 again.

(49) Mark Stateand Break Detection

When bit TE is cleared to 0, the TXD,, pin functions as an I/O port whose input/output direction
and level are determined by PDR and PCR. This fact can be used to set the TXD, pin to the mark
state, or to detect a break during transmission.

To keep the communication line in the mark state (1 state) until bit TE is set to 1, set PCR = 1 and
PDR = 1. Since bit TE is cleared to O at this time, the TXD, pin functions as an I/O port and 1 is
output.

To detect a break, clear bit TE to 0 after setting PCR = 1 and PDR = 0.

When bit TE is cleared to O, the transmission unit is initialized regardless of the current
transmission state, the TXD, pin functions as an I/O port, and 0 is output from the TXD, pin.

(5) ReceiveError Flagsand Transmit Operation (Synchronous Mode Only)

When a receive error flag (OER, PER, or FER) is set to 1, transmission cannot be started even if
bit TDRE is cleared to 0. The receive error flags must be cleared to 0 before starting transmission.

Note also that receive error flags cannot be cleared to 0 even if bit RE is cleared to 0.
(6) Receive Data Sampling Timing and Receive Margin in Asynchronous M ode

In asynchronous mode, SCI3 operates on a basic clock with a frequency 16 times the transfer rate.
When receiving, SCI3 performs internal synchronization by sampling the falling edge of the start

bit with the basic clock. Receive data is latched internally at the 8th rising edge of the basic clock.
This is illustrated in figure 10.16.

Rev. 1.00 May 30, 2008 Page 336 of 484
REJ09B0436-0100 RENESAS



Section 10 Serial Communication Interface

16 clock pulses ‘

8 clock pulses

0 7‘ 151 0 7 15 0

Internal
basic clock —I—H

Receive data ‘
(RXD3x) ;

Synchronization L
sampling timing H

Data sampling L L
timing H H

Figure10.16 Receive Data Sampling Timingin Asynchronous M ode

Consequently, the receive margin in asynchronous mode can be expressed as shown in equation

(1.

1 D-05
M ={(0.5- - —(L-0.5)F} x100 [%
e 2N ) N ( e el Equation (1)

where M: Receive margin (%)

N: Ratio of bit rate to clock (N = 16)
D: Clock duty (D =0.5to 1.0)
L:
F:

Frame length (L =9 to 12)
Absolute value of clock frequency deviation

Substituting 0 for F (absolute value of clock frequency deviation) and 0.5 for D (clock duty) in
equation (1), a receive margin of 46.875% is given by equation (2).

When D =0.5and F=0,

M={05—1/2x16)} x 100 [%]
=46.875% ... Equation (2)

However, this is only a computed value, and a margin of 20% to 30% should be allowed when
carrying out system design.
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(7) Relation between RDR Reads and Bit RDRF

In a receive operation, SCI3 continually checks the RDRF flag. If bit RDREF is cleared to 0 when
reception of one frame ends, normal data reception is completed. If bit RDRF is set to 1, this
indicates that an overrun error has occurred.

When the contents of RDR are read, bit RDRF is cleared to 0 automatically. Therefore, if bit RDR
is read more than once, the second and subsequent read operations will be performed while bit
RDRF is cleared to 0. Note that, when an RDR read is performed while bit RDRF is cleared to 0,
if the read operation coincides with completion of reception of a frame, the next frame of data may
be read. This is illustrated in figure 10.17.

| Frame 1 | Frame 2 | Frame 3

Communication
line Data 1 |

RDRF

Data 2 | Data 3

RDR Data 1 Data 2

e

RDR read RDR read
Data 1 is read at point (A)

Data 2 is read at point (B)

Figure10.17 Relation between RDR Read Timing and Data

In this case, only a single RDR read operation (not two or more) should be performed after first
checking that bit RDRF is set to 1. If two or more reads are performed, the data read the first time
should be transferred to RAM, etc., and the RAM contents used. Also, ensure that there is
sufficient margin in an RDR read operation before reception of the next frame is completed. To be
precise in terms of timing, the RDR read should be completed before bit 7 is transferred in
synchronous mode, or before the STOP bit is transferred in asynchronous mode.
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(8) Transmit and Receive Operations when Making a State Transition

Make sure that transmit and receive operations have completely finished before carrying out state
transition processing.

(9) Switching SCK,, Function

If pin SCK,, is used as a clock output pin by SCI3 in synchronous mode and is then switched to a
general input/output pin (a pin with a different function), the pin outputs a low level signal for half
a system clock (¢) cycle immediately after it is switched.

This can be prevented by either of the following methods according to the situation.

a. When an SCK,_ function is switched from clock output to non clock-output
When stopping data transfer, issue one instruction to clear bits TE and RE to 0 and to set bits
CKE1 and CKEQ in SCR3 to 1 and 0, respectively. In this case, bit COM in SMR should be
left 1. The above prevents SCK, from being used as a general input/output pin. To avoid an
intermediate level of voltage from being applied to SCK,, the line connected to SCK, should
be pulled up to the V. level via a resistor, or supplied with output from an external device.

3x?

b. When an SCK, function is switched from clock output to general input/output
When stopping data transfer,

(i) Issue one instruction to clear bits TE and RE to 0 and to set bits CKE1 and CKEO in
SCR3 to 1 and 0, respectively.

(ii) Clear bit COM in SMR to 0
(iii) Clear bits CKE1 and CKEQ in SCR3 to 0

Note that special care is also needed here to avoid an intermediate level of voltage from being
applied to SCK, .

(10) Setup at Subactive or Subsleep Mode

At subactive or subsleep mode, SCI3 becomes possible use only at CPU clock is ow/2.
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Section 11 14-Bit PWM

111 Overview

This LSI is provided with a 14-bit PWM (pulse width modulator) on-chip, which can be used as a
D/A converter by connecting a low-pass filter.

1111 Features
Features of the 14-bit PWM are as follows.

e Choice of two conversion periods
Any of the following four conversion periods can be chosen:
— 131,072/¢, with a minimum modulation width of 8/¢ (PWCR1 =1, PWCRO = 1)
— 65,536/, with a minimum modulation width of 4/¢ (PWCRI1 = 1, PWCRO = 0)
— 32,768/¢, with a minimum modulation width of 2/¢ (PWCRI1 =0, PWCRO = 1)
— 16,384/¢, with a minimum modulation width of 1/¢p (PWCRI1 =0, PWCRO = 0)
e Pulse division method for less ripple

e Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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11.1.2  Block Diagram

Figure 11.1 shows a block diagram of the 14-bit PWM.

4{ PWDRL |<7
—  PWDRU  |~— E
A y ©
o/2—= PWM X
$ﬁg L »{ waveform ‘_:“
/16— generator 5
[
| PWCR |
PWM —
Legend:
PWDRL: PWM data register L
PWDRU: PWM data register U
PWCR: PWM control register
Figure1l.1 Block Diagram of the 14 Bit PWM
11.1.3  Pin Configuration
Table 11.1 shows the output pin assigned to the 14-bit PWM.
Table11.1 Pin Configuration
Name Abbr. I/0 Function
PWM output pin PWM Output Pulse-division PWM waveform output
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1114 Register Configuration
Table 11.2 shows the register configuration of the 14-bit PWM.

Table11.2 Register Configuration

Name Abbr. R/W Initial Value Address
PWM control register PWCR W H'FC H'FFDO
PWM data register U PWDRU W H'CO H'FFD1
PWM data register L PWDRL W H'00 H'FFD2
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB

11.2  Register Descriptions

11.21 PWM Control Register (PWCR)

Bit 7 6 5 4 3 2 1 0

T ] — [ — [ — ] = ] = ewom pworo
Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — w w

PWCR is an 8-bit write-only register for input clock selection.
Upon reset, PWCR is initialized to HFC.
Bits 7 to 2: Reserved bits

Bits 7 to 2 are reserved; they are always read as 1, and cannot be modified.
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Bits 1 and 0: Clock select 1 and 0 (PWCR1, PWCRO0)

Bits 1 and 0 select the clock supplied to the 14-bit PWM. These bits are write-only bits; they are
always read as 1.

Bit 1 Bit 0
PWCR1 PWCRO Description
0 0 The input clock is ¢/2 (6™ = 2/¢) (initial value)

The conversion period is 16,384/¢, with a minimum
modulation width of 1/¢

0 1 The input clock is ¢/4 (0™ = 4/¢)
The conversion period is 32,768/¢, with a minimum
modulation width of 2/¢

1 0 The input clock is #/8 (o™ = 8/¢)
The conversion period is 65,536/0, with a minimum
modulation width of 4/¢

1 1 The input clock is ¢/16 (6™ = 16/¢)
The conversion period is 131,072/¢, with a minimum
modulation width of 8/¢

Note: * Period of PWM input clock.

1122 PWM DataRegistersU and L (PWDRU, PWDRL)

PWDRU
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘PWDRUS‘ PWDRU#PWDRUS‘PWDRUZ‘PWDRU1‘PWDRUO
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w W W w w W
PWDRL
Bit 7 6 5 4 3 2 1 0
‘PWDRL7‘ PWDRLG‘ PWDRLS‘ PWDRL4‘PWDRL3‘PWDRL2‘ PWDRLA1 ‘PWDRLO
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w W W w w w

PWDRU and PWDRL form a 14-bit write-only register, with the upper 6 bits assigned to PWDRU
and the lower 8 bits to PWDRL. The value written to PWDRU and PWDRL gives the total high-
level width of one PWM waveform cycle.
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When 14-bit data is written to PWDRU and PWDRL, the register contents are latched in the PWM
waveform generator, updating the PWM waveform generation data. The 14-bit data should always
be written in the following sequence:

1. Write the lower 8 bits to PWDRL.
2. Write the upper 6 bits to PWDRU.

PWDRU and PWDRL are write-only registers. If they are read, all bits are read as 1.

Upon reset, PWDRU and PWDRL are initialized to H'C000.

11.23 Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | AECKSTP |WDCKSTP|PWCKSTP| LDCKSTP ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — RW RW RW RW

CKSTPR?2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the PWM is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 1: PWM module standby mode control (PWCKSTP)
Bit 1 controls setting and clearing of module standby mode for the PWM.

PWCKSTP Description

0 PWM is set to module standby mode

1 PWM module standby mode is cleared (initial value)
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11.3  Operation

11.31 Operation
When using the 14-bit PWM, set the registers in the following sequence.

1. Set bit PWM in port mode register 3 (PMR3) to 1 so that pin P3 /PWM is designated for PWM
output.

2. Set bits PWCR1 and PWCRO in the PWM control register (PWCR) to select a conversion
period of 131,072/¢ (PWCR1 =1, PWCRO = 1), 65,536/¢ (PWCR1 =1, PWCRO = 0),
32,768/¢0 (PWCRI1 = 0, PWCRO = 1), or 16,384/¢0 (PWCR1 = 0, PWCRO = 0).

3. Set the output waveform data in PWM data registers U and L (PWDRU/L). Be sure to write in
the correct sequence, first PWDRL then PWDRU. When data is written to PWDRU, the data
in these registers will be latched in the PWM waveform generator, updating the PWM
waveform generation in synchronization with internal signals.

One conversion period consists of 64 pulses, as shown in figure 11.2. The total of the high-level
pulse widths during this period (T,,) corresponds to the data in PWDRU and PWDRL. This
relation can be represented as follows.

T, = (data value in PWDRU and PWDRL + 64) X t4/2

where t¢ is the PWM input clock period: 2/¢ (PWCR = H'0), 4/¢6 (PWCR =H'l), 8/6 (PWCR =
H'2), or 16/¢ (PWCR = H'3).

Example: Settings in order to obtain a conversion period of 32,768 us:

When PWCRI1 = 0 and PWCRO = 0, the conversion period is 16,384/, so ¢ must be
0.5 MHz. In this case, tfn = 512 ps, with 1/¢ (resolution) = 2.0 ps.

When PWCRI1 = 0 and PWCRO = 1, the conversion period is 32,768/, so ¢ must be 1
MHz. In this case, tfn = 512 ps, with 2/¢ (resolution) = 2.0 ps.

When PWCRI1 = 1 and PWCRO = 0, the conversion period is 65,536/¢ , so ¢ must be 2
MHz. In this case, tfn = 512 ps, with 4/¢ (resolution) = 2.0 ps.

Accordingly, for a conversion period of 32,768 us, the system clock frequency (¢) must
be 0.5 MHz, 1 MHz, or 2 MHz.
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1 conversion period

e e - - - -

th the ths thes tHe4

TH=tH1+tH2+tH3+ ..... tH64
th=tp =t ... =teq

Figure11.2 PWM Output Waveform

11.3.2 PWM Operation Modes
PWM operation modes are shown in table 11.3.

Table11.3 PWM Operation Modes

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
PWCR Reset Functions Functions Held Held Held Held Held
PWDRU Reset Functions Functions Held Held Held Held Held
PWDRL Reset Functions Functions Held Held Held Held Held
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Section 12 A/D Converter

121 Overview

This LSI includes on-chip a resistance-ladder-based successive-approximation analog-to-digital
converter, and can convert up to 8 channels of analog input.

12.1.1  Features

The A/D converter has the following features.

10-bit resolution

Eight input channels

Conversion time: approx. 12.4 ps per channel (at 5 MHz operation)
Built-in sample-and-hold function

Interrupt requested on completion of A/D conversion

A/D conversion can be started by external trigger input

Use of module standby mode enables this module to be placed in standby mode independently
when not used.

Rev. 1.00 May 30, 2008 Page 349 of 484
RENESAS REJ09B0436-0100



Section 12 A/D

Converter

12.1.2  Block Diagram

Figure 12.1 shows a block diagram of the A/D converter.
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Figure12.1 Block Diagram of the A/D Converter
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12.1.3  Pin Configuration
Table 12.1 shows the A/D converter pin configuration.

Table12.1 Pin Configuration

Name Abbr. I/0 Function

Analog power supply AV, Input Power supply and reference voltage of analog part
Analog ground AV Input Ground and reference voltage of analog part
Analog input 0 AN, Input Analog input channel O

Analog input 1 AN, Input Analog input channel 1

Analog input 2 AN, Input Analog input channel 2

Analog input 3 AN, Input Analog input channel 3

Analog input 4 AN, Input Analog input channel 4

Analog input 5 AN, Input Analog input channel 5

Analog input 6 AN, Input Analog input channel 6

Analog input 7 AN, Input Analog input channel 7

External trigger input  ADTRG  Input External trigger input for starting A/D conversion

12.1.4 Register Configuration
Table 12.2 shows the A/D converter register configuration.

Table12.2 Register Configuration

Name Abbr. R/W Initial Value Address
A/D mode register AMR R/W H'30 H'FFC6
A/D start register ADSR R/W H'7F H'FFC7
A/D result register H ADRRH R Not fixed H'FFC4
A/D result register L ADRRL R Not fixed H'FFC5
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
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12.2  Register Descriptions

1221 A/D Result Registers (ADRRH, ADRRL)

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
‘ADRQ‘ADRB‘ADR7‘ADRG‘ADRS‘ADFM‘ADRS‘ADFQ‘ADR1‘ADRO‘ — ‘ — ‘ — ‘ — ‘ — ‘ —

Initial value Not Not Not Not Not Not Not Not Not Not — — — — — —
fixed fixed fixed fixed fixed fixed fixed fixed fixed fixed

Read/Write R R R R R R R R R R — — — — — —

ADRRH ADRRL

ADRRH and ADRRL together comprise a 16-bit read-only register for holding the results of
analog-to-digital conversion. The upper 8 bits of the data are held in ADRRH, and the lower 2 bits
in ADRRL.

ADRRH and ADRRL can be read by the CPU at any time, but the ADRRH and ADRRL values
during A/D conversion are not fixed. After A/D conversion is complete, the conversion result is
stored as 10-bit data, and this data is held until the next conversion operation starts.

ADRRH and ADRRL are not cleared on reset.

1222 A/D Mode Register (AMR)

Bit 7 6 5 4 3 2 1 0

\ CKS \ TRGE‘ — \ — \ CH3 \ CH2 \ CH1 \ CHO
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

AMR is an 8-bit read/write register for specifying the A/D conversion speed, external trigger
option, and the analog input pins.

Upon reset, AMR is initialized to H'30.
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Bit 7: Clock select (CKS)

Bit 7 sets the A/D conversion speed.

Bit 7 Conversion Time (Active (High-Speed) Mode)*
CKS Conversion Period 6 =1MHz ¢ =5 MHz

0 62/¢ (initial value) 62 us 12.4 ps

1 31/0 31 us —

Note: * Forinformation on conversion time settings for which operation is guaranteed, see
section 16, Electrical Characteristics.

Bit 6: External trigger select (TRGE)

Bit 6 enables or disables the start of A/D conversion by external trigger input.

Bit 6

TRGE Description

0 Disables start of A/D conversion by external trigger (initial value)
1 Enables start of A/D conversion by rising or falling edge of external trigger at pin

ADTRG*

Note: * The external trigger (ADTRG) edge is selected by bit IEG4 of IEGR. See (1) IRQ Edge
Select Register (IEGR) in section 3.3.2, Interrupt Control Registers, for details.

Bits 5 and 4: Reserved bits

Bits 5 and 4 are reserved; they are always read as 1, and cannot be modified.
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Bits 3to 0: Channel select (CH3 to CHO)
Bits 3 to O select the analog input channel.

The channel selection should be made while bit ADSF is cleared to 0.

Bit 3 Bit 2 Bit 1 Bit 0

CH3 CH2 CH1 CHO Analog Input Channel
0 0 * * No channel selected (initial value)
0 1 0 0 ANO

0 1 0 1 AN1

0 1 1 0 AN2

0 1 1 1 AN3

1 0 0 0 AN4

1 0 0 1 AN5

1 0 1 0 ANG6

1 0 1 1 AN7

1 1 * * Setting prohibited

Note: * Don’t care

1223  A/D Start Register (ADSR)

Bit 7 6 5 4 3 2 1 0
osF | — | - [ = = = =] =

Initial value 0 1 1 1 1 1 1 ]

Read/Write R/W — — — — — — —

The A/D start register (ADSR) is an 8-bit read/write register for starting and stopping A/D
conversion.

A/D conversion is started by writing 1 to the A/D start flag (ADSF) or by input of the designated
edge of the external trigger signal, which also sets ADSF to 1. When conversion is complete, the
converted data is set in ADRRH and ADRRL, and at the same time ADSF is cleared to 0.

Rev. 1.00 May 30, 2008 Page 354 of 484
REJ09B0436-0100 RENESAS



Section 12 A/D Converter

Bit 7: A/D start flag (ADSF)

Bit 7 controls and indicates the start and end of A/D conversion.

Bit 7

ADSF Description

0 Read: Indicates the completion of A/D conversion (initial value)
Write: Stops A/D conversion

1 Read: Indicates A/D conversion in progress

Write: Starts A/D conversion

Bits 6 to 0: Reserved bits

Bits 6 to 0 are reserved; they are always read as 1, and cannot be modified.

1224  Clock Stop Register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0
| — |S31 CKSTP|SSZCKSTP| ADCKSTP | TGCKSTP | TFCKSTP |TCCKSTP | TACKSTP ‘

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W RW R/W R/W RW R/W R/W R/W

CKSTPR1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the A/D converter is described here. For details of the other bits,
see the sections on the relevant modules.

Bit 4: A/D converter module standby mode control (ADCKSTP)

Bit 4 controls setting and clearing of module standby mode for the A/D converter.

ADCKSTP  Description

0 A/D converter is set to module standby mode

1 A/D converter module standby mode is cleared (initial value)
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123  Operation

1231  A/D Conversion Operation

The A/D converter operates by successive approximations, and yields its conversion result as 10-
bit data.

A/D conversion begins when software sets the A/D start flag (bit ADSF) to 1. Bit ADSF keeps a
value of 1 during A/D conversion, and is cleared to O automatically when conversion is complete.

The completion of conversion also sets bit IRRAD in interrupt request register 2 (IRR2) to 1. An
A/D conversion end interrupt is requested if bit IENAD in interrupt enable register 2 (IENR?2) is
set to 1.

If the conversion time or input channel needs to be changed in the A/D mode register (AMR)
during A/D conversion, bit ADSF should first be cleared to 0, stopping the conversion operation,
in order to avoid malfunction.

12.3.2  Start of A/D Conversion by External Trigger Input

The A/D converter can be made to start A/D conversion by input of an external trigger signal.
External trigger input is enabled at pin ADTRG when bit IRQ4 in PMRI is set to 1 and bit TRGE
in AMR is set to 1. Then when the input signal edge designated in bit IEG4 of interrupt edge
select register (IEGR) is detected at pin ADTRG, bit ADSF in ADSR will be set to 1, starting A/D
conversion.

Figure 12.2 shows the timing.

; ; L

Pin ADTRG
(when bit Y

IEG4 = 0) \

ADSF

A/D conversion

[
et

Figure12.2 External Trigger Input Timing
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12.3.3 A/D Converter Operation Modes
A/D converter operation modes are shown in table 12.3.

Table12.3 A/D Converter Operation Modes

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
AMR Reset  Functions Functions Held Held Held Held Held
ADSR Reset  Functions Functions Held Held Held Held Held
ADRRH Held* Functions Functions Held Held Held Held Held
ADRRL Held* Functions Functions Held Held Held Held Held

Note: * Undefined in a power-on reset.

124 Interrupts

When A/D conversion ends (ADSF changes from 1 to 0), bit IRRAD in interrupt request register 2
(IRR2) is set to 1.

A/D conversion end interrupts can be enabled or disabled by means of bit IENAD in interrupt
enable register 2 (IENR2).

For further details see section 3.3, Interrupts.
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125 Typical Use

An example of how the A/D converter can be used is given below, using channel 1 (pin AN1) as
the analog input channel. Figure 12.3 shows the operation timing.

1. Bits CH3 to CHO of the A/D mode register (AMR) are set to 0101, making pin AN, the analog
input channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/D conversion is
started by setting bit ADSF to 1.

2. When A/D conversion is complete, bit IRRAD is set to 1, and the A/D conversion result is
stored is stored in ADRRH and ADRRL. At the same time ADSF is cleared to 0, and the A/D
converter goes to the idle state.

. Bit IENAD = 1, so an A/D conversion end interrupt is requested.

3

4. The A/D interrupt handling routine starts.

5. The A/D conversion result is read and processed.
6

. The A/D interrupt handling routine ends.
If ADSF is set to 1 again afterward, A/D conversion starts and steps 2 to 6 take place.

Figures 12.4 and 12.5 show flow charts of procedures for using the A/D converter.
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Set A/D conversion speed
and input channel

Disable A/D conversion
end interrupt

Start A/D conversion

Read ADSR

Read ADRRH/ADRRL data

Perform A/D
conversion?

Figure12.4 Flow Chart of Procedurefor Using A/D Converter (Polling by Softwar €)
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Set A/D conversion speed
and input channels

Enable A/D conversion
end interrupt

Start A/D conversion

A/D conversion
end interrupt?

Clear bit IRRAD to
0in IRR2

Read ADRRH/ADRRL data

Yes

Perform A/D
conversion?

Figure12.5 Flow Chart of Procedurefor Using A/D Converter (Interrupts Used)
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126  Application Notes

12.6.1 Application Notes

e Datain ADRRH and ADRRL should be read only when the A/D start flag (ADSF) in the A/D
start register (ADSR) is cleared to 0.

e Changing the digital input signal at an adjacent pin during A/D conversion may adversely
affect conversion accuracy.

e  When A/D conversion is started after clearing module standby mode, wait for 10 ¢ clock
cycles before starting.

e In active mode or sleep mode, analog power supply current (Al,,,) flows into the ladder
resistance even when the A/D converter is not operating. Therefore, if the A/D converter is not
used, it is recommended that AV be connected to the system power supply and the
ADCKSTP(A/D converter module standby mode control) bit be cleared to O in clock stop
register 1 (CKSTPR1).

12.6.2 Permissible Signal Sourcelmpedance

This LSI’s analog input is designed such that conversion precision is guaranteed for an input
signal for which the signal source impedance is 10 kQ or less. This specification is provided to
enable the A/D converter’s sample-and-hold circuit input capacitance to be charged within the
sampling time; if the sensor output impedance exceeds 10 kQ, charging may be insufficient and it
may not be possible to guarantee A/D conversion precision. However, a large capacitance
provided externally, the input load will essentially comprise only the internal input resistance of
10 k€Q, and the signal source impedance is ignored. However, as a low-pass filter effect is obtained
in this case, it may not be possible to follow an analog signal with a large differential coefficient
(e.g., 5 mV/us or greater) (see figure 12.6). When converting a high-speed analog signal, a low-
impedance buffer should be inserted.
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12.6.3 Influenceson Absolute Precision

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute precision. Be sure to make the connection to an electrically stable GND.

Care is also required to ensure that filter circuits do not interfere with digital signals or act as

antennas on the mounting board.

Sensor output

This LSI

A/D converter
equivalent circuit

impedance
Up to 10 kQ 10 kQ
Sensor input j_ j_ J_
Lowpass = | | On= 20 pF
Hilter I ! 15 pF I
1Cto 0.1 uF
Figure12.6 Analog Input Circuit Example
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13.

Section 13 LCD Controller/Driver

1 Overview

This LSI has an on-chip segment type LCD control circuit, LCD driver, and power supply circuit,
enabling it to directly drive an LCD panel.

13.1.1  Features

(1) Features
Features of the LCD controller/driver are given below.
e Display capacity
Duty Cycle Internal Driver
Static 32 seg
1/2 32 seg
1/3 32 seg
1/4 32 seg
e LCD RAM capacity

8 bits x 32 bytes (256 bits)
e Word access to LCD RAM

All eight segment output pins can be used individually as port pins.

Common output pins not used because of the duty cycle can be used for common double-
buffering (parallel connection).

Display possible in operating modes other than standby mode

Choice of 11 frame frequencies

Built-in power supply split-resistance, supplying LCD drive power

Use of module standby mode enables this module to be placed in standby mode independently
when not used.

A or B waveform selectable by software
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13.1.2  Block Diagram

Figure 13.1 shows a block diagram of the LCD controller/driver.
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Oy —>
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£ l
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Figure13.1 Block Diagram of LCD Controller/Driver
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13.1.3  Pin Configuration

Table 13.1 shows the LCD controller/driver pin configuration.

Table13.1 Pin Configuration

Name Abbr. I/O Function

Segment output pins SEG,, to SEG, Output  LCD segment drive pins
All pins are multiplexed as port pins
(setting programmable)

Common output pins COM, to COM,  Output LCD common drive pins
Pins can be used in parallel with static or
1/2 duty

LCD power supply pins  V,,V,,V,, V, — Used when a bypass capacitor is

connected externally, and when an
external power supply circuit is used

13.1.4 Register Configuration

Table 13.2 shows the register configuration of the LCD controller/driver.

Table13.2 LCD Controller/Driver Registers

Name Abbr. R/W Initial Value Address
LCD port control register LPCR R/W H'00 H'FFCO
LCD control register LCR R/W H'80 H'FFCA
LCD control register 2 LCR2 R/W H'60 H'FFC2
LCD RAM — R/W Undefined H'F740, H'F75F
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB
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13.2 Register Descriptions

1321 LCD Port Control Register (LPCR)

Bit 7 6 5 4 3 > i 0

| DTST | DTSO | CMX | — |SGS3 | SGS2 | SGS1 | SGSO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W w R/W R/W R/W R/W

LPCR is an 8-bit read/write register which selects the duty cycle and LCD driver pin functions.
LPCR is initialized to H'0OO upon reset.
Bits 7 to 5: Duty cycle select 1 and 0 (DTS1, DTS0), common function select (CMX)

The combination of DTS1 and DTSO selects static, 1/2, 1/3, or 1/4 duty. CMX specifies whether
or not the same waveform is to be output from multiple pins to increase the common drive power
when not all common pins are used because of the duty setting.

Bit7 Bit6 Bit5
DTS1 DTSO CMX Duty Cycle Common Drivers Notes

0 0 0 Static COM, (initial value) Do not use COM,, COM,, and
COM,.
1 COM, to COM, COM,, COM,, and COM, output the
same waveform as COM,.
0 1 0 1/2 duty COM, to COM, Do not use COM, and COM,.
COM, to COM, COM, outputs the same waveform

as COM,, and COM, outputs the
same waveform as COM,.

1 0 0 1/3 duty COM, to COM, Do not use COM,.
1 COM, to COM, Do not use COM,.
1 1 0 1/4 duty COM, to COM, —
1
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Bit 4: Reserved

Bit 4 is reserved. It can only be written with 0.

Bits3to 0: Segment driver select 3 to 0 (SGS3 to SGS0)
Bits 3 to 0 select the segment drivers to be used.

Function of Pins SEG,, to SEG,

Bit3 Bit2 Bitl Bit0 SEG,to SEG,to SEG,to SEG,to
SGS3 SGS2 SGS1 SGSO SEG,  SEG,  SEG,  SEG,  Notes

0 0 0 0 Port Port Port Port (initial value)
0 0 0 1 Port Port Port Port
0 0 1 * SEG Port Port Port
0 1 0 * SEG SEG Port Port
0 1 1 * SEG SEG SEG Port
1 & & & SEG SEG SEG SEG

*: Don’t care
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13.22 LCD Control Register (LCR)

Bit 7 6 5 4 3 > 1 0

\ — | PSW | ACT | DISP | CKS3 | CKS2 | CKS1 | CKSO
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

LCR is an 8-bit read/write register which performs LCD drive power supply on/off control and
display data control, and selects the frame frequency.

LCR is initialized to H'80 upon reset.

Bit 7: Reserved bit

Bit 7 is reserved; it is always read as 1 and cannot be modified.
Bit 6: LCD drive power supply on/off control (PSW)

Bit 6 can be used to turn the LCD drive power supply off when LCD display is not required in a
power-down mode, or when an external power supply is used. When the ACT bit is cleared to O,
or in standby mode, the LCD drive power supply is turned off regardless of the setting of this bit.

Bit 6

PSW Description

0 LCD drive power supply off (initial value)
1 LCD drive power supply on

Bit 5: Display function activate (ACT)

Bit 5 specifies whether or not the LCD controller/driver is used. Clearing this bit to 0 halts
operation of the LCD controller/driver. The LCD drive power supply is also turned off, regardless
of the setting of the PSW bit. However, register contents are retained.

Bit 5

ACT Description

0 LCD controller/driver operation halted (initial value)
1 LCD controller/driver operates
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Bit 4: Display data control (DISP)

Bit 4 specifies whether the LCD RAM contents are displayed or blank data is displayed regardless
of the LCD RAM contents.

Bit 4

DISP Description

0 Blank data is displayed (initial value)
1 LCD RAM data is display

Bits 3to 0: Frame frequency select 3 to 0 (CKS3 to CKS0)

Bits 3 to 0 select the operating clock and the frame frequency. In subactive mode, watch mode,
and subsleep mode, the system clock () is halted, and therefore display operations are not
performed if one of the clocks from ¢/2 to ¢/256 is selected. If LCD display is required in these
modes, Ow, ¢w/2, or w/4 must be selected as the operating clock.

k2
Bit3  Bit2 Bitl  BitO Frame Frequency

CKS3 CKS2 CKS1 CKSO Operating Clock ¢=2MHz ¢ =250 kHz™*
0 * 0 0 ow 128 Hz™ (initial value)
0 * 0 1 OW/2 64 HZ*®
0 * 1 * ow/4 32 HZ*®
1 0 0 0 o/2 — 244 Hz
1 0 0 1 o/4 977 Hz 122 Hz
1 0 1 0 /8 488 Hz 61 Hz
1 0 1 1 ¢/16 244 Hz 30.5Hz
1 1 0 0 /32 122 Hz —
1 1 0 1 /64 61 Hz —
1 1 1 0 ¢/128 30.5 Hz —
1 1 1 1 /256 — —
*: Don’t care

Notes: 1. This is the frame frequency in active (medium-speed, ¢osc/16) mode when ¢ = 2 MHz.
2. When 1/3 duty is selected, the frame frequency is 4/3 times the value shown.
3. This is the frame frequency when ¢w = 32.768 kHz.
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13.23 LCD Control Register 2(LCR2)

Bit 7 6 5 4 3 > i 0
LcomB| — | — | — |cpss | cps2 | cDst | cpso

Initial value 0 1 1 0 0 0 0 0

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

LCR?2 is an 8-bit read/write register which controls switching between the A waveform and B
waveform, and selects the duty cycle of the charge/discharge pulses which control disconnection
of the power supply split-resistance from the power supply circuit.

LCR?2 is initialized to H'60 upon reset.
Bit 7: A waveform/B waveform switching control (LCDAB)

Bit 7 specifies whether the A waveform or B waveform is used as the LCD drive waveform.

Bit 7

LCDAB Description

0 Drive using A waveform (initial value)
1 Drive using B waveform

Bits 6 and 5: Reserved bits
Bits 6 and 5 are reserved; they are always read as 1 and cannot be modified.
Bit 4: Reserved bit

Bit 4 is reserved; it is always read as 0 and must not be written with 1.
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Bits 3to 0: Charge/discharge pulse duty cycle select (CDS3 to CDSO0)

Bit 3 Bit 2 Bit 1 Bit 0
CDS3 CDS2 CDS1 CDSO0 Duty Cycle Notes
0 0 0 0 1 Fixed high (initial value)
0 0 0 1 1/8
0 0 1 0 2/8
0 0 1 1 3/8
0 1 0 0 4/8
0 1 0 1 5/8
0 1 1 0 6/8
0 1 1 1 0 Fixed low
1 0 * * 1/16
1 1 * * 1/32
*: Don’t care

Bits 3 to 0 select the duty cycle while the power supply split-resistance is connected to the power

supply circuit.

When a 0 duty cycle is selected, the power supply split-resistance is permanently disconnected
from the power supply circuit, so power should be supplied to pins V,, V,, and V, by an external

circuit.

Figure 13.2 shows the waveform of the charge/discharge pulses. The duty cycle is Tc/Tw.

(61011 I

1 frame

Tw

Tc

Charge/discharge |_|

Tc: Power supply split-resistance

TS

connected

pulses

Tdc: Power supply split-resistance
disconnected

Figure13.2 Example of A Waveform with 1/2 Duty and 1/2 Bias
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13.24  Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ AECKSTP ‘WDCKSTP ‘ PWCKSTP ‘ LDCKSTP
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — R/W R/W R/W R/W

CKSTPR?2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the LCD controller/driver is described here. For details of the
other bits, see the sections on the relevant modules.

Bit 0: LCD controller/driver module standby mode control (LDCKSTP)

Bit O controls setting and clearing of module standby mode for the LCD controller/driver.

Bit 0

LDCKSTP  Description

0 LCD controller/driver is set to module standby mode

1 LCD controller/driver module standby mode is cleared (initial value)
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13.3 Operation

1331  SettingsUp to LCD Display

To perform LCD display, the hardware and software related items described below must first be
determined.

(1) Hardware Settings

a. Using 1/2 duty
When 1/2 duty is used, interconnect pins V, and V, as shown in figure 13.3.

[

Vce
Vo
V1
V2 :|
Vs
Vss

7)7

Figure13.3 Handling of LCD Drive Power Supply when Using 1/2 Duty

b. Large-panel display
As the impedance of the built-in power supply split-resistance is large, it may not be suitable
for driving a large panel. If the display lacks sharpness when using a large panel, refer to
section 13.3.6, Boosting the LCD Drive Power Supply. When static or 1/2 duty is selected, the
common output drive capability can be increased. Set CMX to 1 when selecting the duty cycle.
In this mode, with a static duty cycle pins COM, to COM, output the same waveform, and with
1/2 duty the COM, waveform is output from pins COM, and COM,, and the COM, waveform
is output from pins COM, and COM..

c. Luminance adjustment function (V, pin)

Connecting a resistance between the V and V| pins enables the luminance to be adjusted. For
details, see section 13.3.3, Luminance Adjustment Function (V, Pin).
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d. LCD drive power supply setting
With this LSI, there are two ways of providing LCD power: by using the on-chip power supply
circuit, or by using an external circuit.
When the on-chip power supply circuit is used for the LCD drive power supply, the V and V,
pins should be interconnected externally, as shown in figure 13.4 (a).
When an external power supply circuit is used for the LCD drive power supply, connect the

external power supply to the V| pin, and short the V pin to V. externally, as shown in figure
13.4 (b).

Vee Vce
Vo :I Vo
Vi Vi |——-o External power supply
V2 V2
Vs Vs
Vss Vss
(a) Using on-chip power supply circuit (b) Using external power supply circuit

Figure13.4 Examplesof LCD Power Supply Pin Connections

e. Low-power-consumption LCD drive system
Use of a low-power-consumption LCD drive system enables the power consumption required
for LCD drive to be optimized. For details, see section 13.3.4, Low-Power-Consumption LCD
Drive System.
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(2) Software settings

a. Duty selection

Any of four duty cycles—static, 1/2 duty, 1/3 duty, or 1/4 duty—can be selected with bits
DTS1 and DTSO.

b. Segment selection
The segment drivers to be used can be selected with bits SGS; to SGS,.

c. Frame frequency selection
The frame frequency can be selected by setting bits CKS, to CKS,. The frame frequency
should be selected in accordance with the LCD panel specification. For the clock selection
method in watch mode, subactive mode, and subsleep mode, see section 13.3.5, Operation in
Power-Down Modes.

d. A or B waveform selection

Either the A or B waveform can be selected as the LCD waveform to be used by means of
LCDAB.
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13.3.2 Relationship between LCD RAM and Display

The relationship between the LCD RAM and the display segments differs according to the duty
cycle. LCD RAM maps for the different duty cycles are shown in figures 13.5 to 13.8.

After setting the registers required for display, data is written to the part corresponding to the duty
using the same kind of instruction as for ordinary RAM, and display is started automatically when
turned on. Word- or byte-access instructions can be used for RAM setting.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

H'F740 SEG2 SEG:2 SEG2 SEG:2 SEG1 SEGH SEG1 SEGH

H'F74F SEGa2 SEGa2 SEGa2 SEGa2 SEGs1 SEGs1 SEGs1 SEGs1

Y Y Y Y Y Y Y Y
COM: COMs COM2 COMi COMs COMs COMz  COM:

Figure13.5 LCD RAM Map (/4 Duty)
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

H'F740 SEG2 SEG2 SEG2 SEG1 SEGH SEG1

H'F74F SEGas2 SEGa2 SEGs2 SEGa1 SEGa1 SEGat1
Y Y Y Y Y Y Y

COMs COMz2 COM1 COMs COM:2 COM1

|:| Space not used for display

Figure13.6 LCD RAM Map (1/3 Duty)
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H'F740 SEGa SEGa SEGs SEGs SEG2 SEG2 SEGH SEGH
Display space
SEGa2 SEGa2 SEGa1 SEGa1 SEGao SEGao SEG29 SEG29
H'F747
Space not used for display
HF74F
Y Y Y Y Y Y Y Y
COM2 COM:1 COM2 COM;1 COM2 COM;1 COM2 COM;1
Figure13.7 LCD RAM Map (1/2 Duty)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H'F740 SEGs SEG~ SEGs SEGs SEG4 SEGs SEG2 SEG1
Display
space
SEGa2 SEGat1 SEGao SEG29 SEG2s SEG27 SEG26 SEG2s
HF743
Space not
used for
display
H'F74F
Y Y Y Y Y Y Y Y
COM:1 COM;1 COM: COM: COM:1 COM;1 COM:1 COM:

Figure13.8 LCD RAM Map (Static M ode)
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13.3.3 Luminance Adjustment Function (V, Pin)
Figure 13.9 shows a detailed block diagram of the LCD drive power supply unit.

The voltage output to the V pin is V.. When either of these voltages is used directly as the LCD
drive power supply, the V and V| pins should be shorted. Also, connecting a variable resistance,

R, between the V, and V, pins makes it possible to adjust the voltage applied to the V, pin, and so
to provide luminance adjustment for the LCD panel.

Vce

1

1
|-

1
|-

?
i

Figure13.9 LCD Drive Power Supply Unit
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1334  Low-Power-Consumption LCD Drive System

The use of the built-in split-resistance is normally the easiest method for implementing the LCD
power supply circuit, but since the built-in resistance is fixed, a certain direct current flows
constantly from the built-in resistance’s V. to V. As this current does not depend on the current
dissipation of the LCD panel, if an LCD panel with a small current dissipation is used, a wasteful
amount of power will be consumed. This LSI is equipped with a function to minimize this waste
of power. Use of this function makes it possible to achieve the optimum power supply circuit for
the LCD panel’s current dissipation.

(1) Principles

a. Capacitors are connected as external circuits to LCD power supply pins V1, V2, and V3, as
shown in figure 13.10.

b. The capacitors connected to V1, V2, and V3 are repeatedly charged and discharged in the
cycle shown in figure 13.10, maintaining the potentials.

c. At this time, the charged potential is a potential corresponding to the V1, V2, and V3 pins,
respectively. (For example, with 1/3 bias drive, the charge for V2 is 2/3 that of V1, and that for
V3is 1/3 that of V1.)

d. Power is supplied to the LCD panel by means of the charges accumulated in these capacitors.

e. The capacitances and charging/discharging periods of these capacitors are therefore
determined by the current dissipation of the LCD panel.

f. The charging and discharging periods can be selected by software.

(2) Example of Operation (with /3 biasdrive)

a. During charging period Tc in the figure, the potential is divided among pins V1, V2, and V3
by the built-in split-resistance (the potential of V2 being 2/3 that of V1, and that of V3 being
1/3 that of V1), as shown in figure 13.10, and external capacitors C1, C2, and C3 are charged.
The LCD panel is continues to be driven during this time.

b. In the following discharging period, Tdc, charging is halted and the charge accumulated in
each capacitor is discharged, driving the LCD panel.

c. At this time, a slight voltage drop occurs due to the discharging; optimum values must be
selected for the charging period and the capacitor capacitances to ensure that this does not
affect the driving of the LCD panel.

d. In this way, the capacitors connected to V1, V2, and V3 are repeatedly charged and discharged
in the cycle shown in figure 13.10, maintaining the potentials and continuously driving the
LCD panel.
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e. As can be seen from the above description, the capacitances and charging/discharging periods
of the capacitors are determined by the current dissipation of the LCD panel used. The

charging/discharging periods can be selected with bits CDS3 to CDSO0.

f. The actual capacitor capacitances and charging/discharging periods must be determined
experimentally in accordance with the current dissipation requirements of the LCD panel. An
optimum current value can be selected, in contrast to the case in which a direct current flows
constantly in the built-in split-resistance.

VO L

Var

V3L

J—

1

c2

C3
& .

J—.

Charging Discharging
period Tc period Tdc
V1 potential
A
| o V2 potential Vix2/3
A
V3 potential A
V1x1/3
A

Vd1

Vd2

Vvd3

Voltage drop
associated with
discharging due
to LCD panel
driving

Power supply voltage fluctuation in 1/3 bias system

Figure 13.10

Example of Low-Power-Consumption LCD Drive Operation
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1 frame
M M
Data Data
COM: COM:
COM:2 COM:2
COMs COMs
COMq4
SEGn SEGn
(a) Waveform with 1/4 duty
} 1 frame }
M ‘ i M
Data ‘ Data
COM1 COM:
COMz --- SEGn
SEGn

(c) Waveform with 1/2 duty

1 frame

(d) Waveform with static output

Figure13.11 Output Waveformsfor Each Duty Cycle (A Waveform)
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_1frame | 1frame | 1frame |

1 frame

|
<

1frame 1

I 1frame

(b) Waveform with 1/3 duty

(a) Waveform with 1/4 duty

1 1frame ' 1frame ' 1frame | 1frame

Data
COM:
SEGn

1frame 1 1frame 1 1frame 1 1frame 1

Data
COM:
COM:2

ith static output

Waveform wi

)

d

(

with 1/2 duty

(c) Waveform

Figure13.12 Output Waveformsfor Each Duty Cycle (B Waveform)

Rev. 1.00 May 30, 2008 Page 385 of 484

REJ09B0436-0100

RENESAS



Section 13 LCD Controller/Driver

Table13.3 Output Levels

Data 0 0 1 1
M 0 1 0 1
Static Common output V, Vg Vv, Vg
Segment output V, Vg Vg Vv,
1/2 duty Common output V,, V, V,, V, Vv, Vg
Segment output V, Vo Vo V,
1/3 duty Common output V, Vv, Vv, Vg
Segment output Vv, Vv, Ve V,
1/4 duty Common output Vv, Vv, Vv, Vg
Segment output Vv, Vv, Vg V,

13.35 Operation in Power-Down M odes

In this LSI, the LCD controller/driver can be operated even in the power-down modes. The
operating state of the LCD controller/driver in the power-down modes is summarized in table
13.4.

In subactive mode, watch mode, and subsleep mode, the system clock oscillator stops, and
therefore, unless ¢w, Ow/2, or Ow/4 has been selected by bits CKS3 to CKSO0, the clock will not be
supplied and display will halt. Since there is a possibility that a direct current will be applied to the
LCD panel in this case, it is essential to ensure that ow, dw/2, or Ow/4 is selected. In active
(medium-speed) mode, the system clock is switched, and therefore CKS3 to CKSO must be
modified to ensure that the frame frequency does not change.
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Table13.4 Power-Down Modes and Display Operation

Sub- Sub- Module
Mode Reset Active Sleep Watch active sleep Standby Standby
Clock (0] Runs  Runs Runs Stops Stops Stops Stops Stops™
ow Runs  Runs Runs Runs Runs Runs Stops™  Stops™
Display @ ACT = Stops Stops Stops Stops Stops Stops Stops™  Stops

operation “0”

ACT = Stops Functions Functions Functions Functions Functions Stops™  Stops
“1!1 *3 *3 *3

Notes: 1. The subclock oscillator does not stop, but clock supply is halted.
2. The LCD drive power supply is turned off regardless of the setting of the PSW bit.

3. Display operation is performed only if ¢w, ¢w/2, or ¢w/4 is selected as the operating
clock.

4. The clock supplied to the LCD stops.
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13.3.6  Boosting the LCD Drive Power Supply

When a large panel is driven, the on-chip power supply capacity may be insufficient. If the power
supply capacity is insufficient when V. is used as the power supply, the power supply impedance
must be reduced. This can be done by connecting bypass capacitors of around 0.1 to 0.3 uF to pins
V, to V,, as shown in figure 13.13, or by adding a split-resistance externally.

|

Vce Vo
V1
R§ R = several kQ to
This LSI several MQ
is Vo
R
§ C=0.1t00.3uF
V3 |
R
Vss §
v

Figure13.13 Connection of External Split-Resistance
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Section 14 Power Supply Circuit

141 Overview

This LSI incorporates an internal power supply step-down circuit. Use of this circuit enables the
internal power supply to be fixed at a constant level of approximately 3.0 Vto 3.2V,
independently of the voltage of the power supply connected to the external V. pin. As a result, the
current consumed when an external power supply is used at 3.0 V or above can be held down to
virtually the same low level as when used at approximately 3.0 V. If the external power supply is
3.0 V or below, the internal voltage will be practically the same as the external voltage. It is, of
course, also possible to use the same level of external power supply voltage and internal power
supply voltage without using the internal power supply step-down circuit.

14.2  When Using Internal Power Supply Step-Down Cir cuit

Connect the external power supply to the V. pin, and connect a capacitance of approximately 0.33
UF between CV . and V,, as shown in figure 14.1. The internal step-down circuit is made effective
simply by adding this external circuit. In the external circuit interface, the external power supply
voltage connected to V. and the GND potential connected to V, are the reference levels. For
example, for port input/output levels, the V. level is the reference for the high level, and the V
level is that for the low level. The LCD power supply and A/D converter analog power supply are
not affected by the internal step-down current.

T Vee

0
Step-down circuit |
CVcc
,4[]7
Internal | 'Nternal _L_ Stabilization capacitance
logic | POWer (approximately 0.33 pF)
supply
VSS
1

Figure14.1 Power Supply Connection when Internal Step-Down Circuit is Used
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14.3  When Not Using Internal Power Supply Step-Down Cir cuit

When the internal power supply step-down circuit is not used, connect the external power supply
to the CV_. pin and V. pin, as shown in figure 14.2. The external power supply is then input
directly to the internal power supply. The permissible range for the power supply voltage is 2.7 V
to 3.6 V. Normally, however, the internal power supply step-down circuit should be used.
Operation cannot be guaranteed if a voltage outside this range is input.

I VCC

Ll_l
Step-down circuit |
CVcc

— 1

Internal Internal
|OgiC power
supply
| Vss

I

Figure14.2 Power Supply Connection when Internal Step-Down Circuit is Not Used
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Section 15 List of Registers

The register list gives information on the on-chip I/O register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1. Register addresses (address order)

e Registers are listed from the lower allocation addresses.
e Registers are classified by functional modules.

e The data bus width is indicated.

e The number of access states is indicated.

2. Register bits
e Bit configurations of the registers are described in the same order as the register addresses.
e Reserved bits are indicated by — in the bit name column.

e When registers consist of 16 bits, bits are described from the MSB side.

3. Register states in each operating mode
e Register states are described in the same order as the register addresses.

e The register states described here are for the basic operating modes. If there is a specific reset
for an on-chip peripheral module, refer to the section on that on-chip peripheral module.
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15.1 Register Addresses (AddressOrder)

The data bus width indicates the numbers of bits by which the register is accessed.

The number of access states indicates the number of states based on the specified reference clock.

Abbre- Module Data Bus  Access

Register Name viation Bit No Address Name Width State
Flash memory control register 1 FLMCR1 8 H'F020 ROM 8 2
Flash memory control register 2 FLMCR2 8 H'FO21 ROM 8 2
Flash memory power control FLPWCR 8 H'F022 ROM 8 2
register

Erase block register EBR 8 H'F023 ROM 8 2
Flash memory enable register FENR 8 H'FO2B ROM 8 2
Wakeup edge select register WEGR 8 H'FF90 Interrupts 8 2
Serial port control register SPCR 8 H'FF91 SCI3 8 2
Subclock output select register CWOSR 8 HFF92  Timer A 8 2
Event counter control/status ECCSR 8 HFF95  AEC™ 8 2
register

Event counter H ECH 8 HFF96  AEC™ 8 2
Event counter L ECL 8 HFF97  AEC™ 8 2
Serial mode register 31 SMR31 8 H'FF98 SCI31 8 3
Bit rate register 31 BRR31 8 H'FF99 SCI31 8 3
Serial control register 31 SCR31 8 H'FF9A  SCI31 8 3
Transmit data register 31 TDR31 8 HFF9B  SCI31 8 3
Serial status register 31 SSR31 8 HFF9C  SCI31 8 3
Receive data register 31 RDR31 8 HFF9D  SCI31 8 3
Serial mode register 32 SMR32 8 H'FFA8  SCI32 8 3
Bit rate register 32 BRR32 8 H'FFA9  SCI32 8 3
Serial control register 32 SCR32 8 H'FFAA  SCI32 8 3
Transmit data register 32 TDR32 8 HFFAB  SCI32 8 3
Serial status register 32 SSR32 8 HFFAC SCI32 8 3
Receive data register 32 RDR32 8 HFFAD  SCI32 8 3
Timer mode register A TMA 8 H'FFBO  Timer A 8 2
Timer counter A TCA 8 HFFB1 Timer A 8 2
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Abbre- Module Data Bus  Access

Register Name viation Bit No Address Name Width State
Timer control/status register W TCSRW 8 HFFB2 WDT* 8 2
Timer counter W TCW 8 HFFB3 WDT* 8 2
Timer mode register C TMC 8 H'FFB4  TimerC 8 2
Timer counter C / TCC/ 8 HFFB5  Timer C 8 2
Timer load register C TLC

Timer control register F TCRF 8 HFFB6  Timer F 8 2
Timer control status register F TCSRF 8 HFFB7  Timer F 8 2
8-bit timer counter FH TCFH 8 HFFB8  Timer F 8 2
8-bit timer counter FL TCFL 8 HFFB9  Timer F 8 2
Output compare register FH OCRFH 8 H'FFBA  Timer F 8 2
Output compare register FL OCRFL 8 HFFBB  Timer F 8 2
Timer mode register G TMG 8 HFFBC Timer G 8 2
Input capture register GF ICRGF 8 HFFBD Timer G 8 2
Input capture register GR ICRGR 8 HFFBE Timer G 8 2
LCD port control register LPCR 8 HFFCO LCD™ 8 2
LCD control register LCR 8 HFFC1  LCD* 8 2
LCD control register 2 LCR2 8 HFFC2 LCD* 8 2
A/D result register H ADRRH 8 HFFC4  A/D converter 8 2
A/D result register L ADRRL 8 H'FFC5 A/D converter 8 2
A/D mode register AMR 8 HFFC6  A/D converter 8 2
A/D start register ADSR 8 HFFC7  A/D converter 8 2
Port mode register 1 PMR1 8 H'FFC8 /O port 8 2
Port mode register 2 PMR2 8 H'FFC9  1/O port 8 2
Port mode register 3 PMR3 8 H'FFCA  1/O port 8 2
Port mode register 5 PMR5 8 H'FFCC  1/O port 8 2
PWM control register PWCR 8 H'FFDO  14-bit PWM 8 2
PWM data register U PWDRU 8 HFFD1 14-bit PWM 8 2
PWM data register L PWDRL 8 H'FFD2  14-bit PWM 8 2
Port data register 1 PDR1 8 HFFD4 /O port 8 2
Port data register 3 PDR3 8 H'FFD6  1/O port 8 2
Port data register 4 PDR4 8 HFFD7 /O port 8 2
Port data register 5 PDR5 8 HFFD8  1/O port 8 2
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Abbre- Module Data Bus  Access

Register Name viation Bit No Address Name Width State
Port data register 6 PDR6 8 H'FFD9  1/O port 8 2
Port data register 7 PDR7 8 HFFDA  1/O port 8 2
Port data register 8 PDR8 8 H'FFDB  1/O port 8 2
Port data register A PDRA 8 HFFDD  1/O port 8 2
Port data register B PDRB 8 HFFDE  1/O port 8 2
Port pull-up control register 1 PUCR1 8 HFFEO  1/O port 8 2
Port pull-up control register 3 PUCRS3 8 HFFEA1 1/O port 8 2
Port pull-up control register 5 PUCR5 8 HFFE2  1/O port 8 2
Port pull-up control register 6 PUCRG6 8 HFFE3  I/O port 8 2
Port control register 1 PCR1 8 HFFE4  1/O port 8 2
Port control register 3 PCR3 8 HFFE6  1/O port 8 2
Port control register 4 PCR4 8 HFFE7  1/O port 8 2
Port control register 5 PCR5 8 HFFE8  1/O port 8 2
Port control register 6 PCR6 8 HFFE9  1/O port 8 2
Port control register 7 PCR7 8 H'FFEA  I/O port 8 2
Port control register 8 PCR8 8 H'FFEB  1/O port 8 2
Port control register A PCRA 8 HFFED  1/O port 8 2
System control register 1 SYSCR1 8 HFFFO  SYSTEM 8 2
System control register 2 SYSCR2 8 H'FFFA1 SYSTEM 8 2
IRQ edge select register IEGR 8 H'FFF2 Interrupts 8 2
Interrupt enable register 1 IENR1 8 H'FFF3 Interrupts 8 2
Interrupt enable register 2 IENR2 8 H'FFF4 Interrupts 8 2
Interrupt request register 1 IRR1 8 H'FFF6 Interrupts 8 2
Interrupt request register 2 IRR2 8 HFFF7  Interrupts 8 2
Wakeup interrupt request register  IWPR 8 HFFF9 Interrupts 8 2
Clock stop register 1 CKSTPR1 8 HFFFA  SYSTEM 8 2
Clock stop register 2 CKSTPR2 8 HFFFB  SYSTEM 8 2
Notes: 1. AEC: Asynchronous event counter

2. WDT: Watchdog timer

3. LCD: LCD controller/driver
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152 Register Bits

Register bit names of the on-chip peripheral modules are described below.

Register Module
Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
FLMCR1 — SWE ESU PSU EV PV E P ROM
FLMCR2 FLER — — — — — — —

FLPWCR PDWND — — — — — — —

EBR EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO

FENR FLSHE — — — — — — —

WEGR WKEGS7 WKEGS6 WKEGS5 WKEGS4 WKEGS3 WKEGS2 WKEGS1 WKEGSO0 Interrupts
SPCR — — SPC32 SPC31 SCINV3  SCINV2  SCINV1 SCINVO  SCI3
CWOSR — — — — — — — CWOS Timer A
ECCSR OVH OVL — CH2 CUEH CUEL CRCH CRCL AEC™
ECH ECH7 ECH6 ECH5 ECH4 ECH3 ECH2 ECH1 ECHO

ECL ECL7 ECL6 ECL5 ECL4 ECL3 ECL2 ECLA ECLO

SMR31 COM31 CHR31 PE31 PM31 STOP31  MP31 CKS311  CKS310  SCI31
BRR31 BRR317 BRR316 BRR315 BRR314 BRR313 BRR312 BRR311 BRR310

SCR31 TIE31 RIE31 TE31 RE31 MPIE31 TEIE31 CKE311  CKE310

TDR31 TDR317 TDR316 TDR315 TDR314 TDR313 TDR312 TDR311  TDR310

SSR31 TDRE31 RDRF31 OER31 FER31 PER31 TEND31 MPBR31 MPBT31

RDR31 RDR317 RDR316 RDR315 RDR314 RDR313 RDR312 RDR311 RDR310

SMR32 COM32 CHR32 PE32 PM32 STOP32 MP32 CKS321  CKS320 SCI32
BRR32 BRR327 BRR326 BRR325 BRR324 BRR323 BRR322 BRR321 BRR320

SCR32 TIE32 RIE32 TE32 RE32 MPIE32  TEIE32 CKE321  CKES320

TDR32 TDR327 TDR326 TDR325 TDR324 TDR323 TDR322 TDR321 TDR320

SSR32 TDRE32 RDRF32 OER32 FER32 PER32 TEND32 MPBR32 MPBT32

RDR32 RDR327 RDR326 RDR325 RDR324 RDR323 RDR322 RDR321 RDR320

TMA TMA7 TMA6 TMA5 — TMA3 TMA2 TMA1 TMAO Timer A
TCA TCA7 TCA6 TCA5 TCA4 TCA3 TCA2 TCA1 TCAO

TCSRW B6WI TCWE B4wI TCSRWE B2WI WDON BOWI WRST WDT*2
TCW TCW7 TCW6 TCW5 TCW4 TCW3 TCW2 TCWA1 TCWO
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Register Module
Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
T™C TMC?  TMC6  TMC5  — — TMC2  TMC1 TMCO  TimerC
TCC/ Tcc7/  Toce/  TCCs/  TCC4/  TCG3/  TCC2  TCClU TGO/

TLC TLC7 TLC6 TLCS TLC4 TLC3 TLC2 TLCT TLCO

TCRF TOLH CKSH2 ~ CKSH1  CKSHO  TOLL CKSL2  CKSL1  CKSLO  TimerF
TCSRF OVFH  CMFH  OVIEH  CCLRH  OVFL CMFL  OVIEL  CCLRL

TCFH TCFH7  TCFH6  TCFH5 TCFH4  TCFH3  TCFH2  TCFH1  TGFHO

TCFL TCFL7  TCFL6  TCFL5  TCFL4  TCFL3  TCFL2  TCFL1  TCFLO

OCRFH OCRFH7 OCRFH6 OCRFH5 OCRFH4 OCRFH3 OCRFH2 OCRFH1 OCRFHO

OCRFL OCRFL7 OCRFL6 OCRFL5 OCRFL4 OCRFL3 OCRFL2 OCRFL1 OCRFLO

™G OVFH  OVFL  OVEE IEGS  CCLR1  CCLRO  CKSt CKS0 Timer G
ICRGF ICRGF7 ICRGF6 ICRGF5 ICRGF4 ICRGF3 ICRGF2 ICRGF1  ICRGFO

ICRGR ICRGR7 ICRGR6 ICRGR5 ICRGR4 ICRGR3 ICRGR2 ICRGR1 ICRGRO

LPCR DTS1 DTSO CMX — SGS3  SGS2  SGSt sGso  LcD*3
LCR — PSW ACT DISP CKS3 CKs2 CKs1 CKS0

LCR2 LCDAB  — — — CDS3  CDS2  CDSt CDSO0

ADRRH ADR9  ADR8  ADR7 ADR6  ADR5  ADR4  ADR3  ADR2  AD
ADRRL ADR1 ADRO  — — — — — — converter
AMR CKs TRGE = — — CH3 CH2 CH1 GHo

ADSR ADSF  — — — — — — —

PMR1 IRQ3 IRQ2 IRQ1 IRQ4 ™IG TMOFH TMOFL  TMOW  1/O port
PMR2 EXCL  — — — — — — —

PMR3 AEVL AEVH  WDCKS NSC IRQO — ub PWM

PMR5 WKP7  WKP6  WKP5  WKP4  WKP3  WKP2  WKP1  WKPO

PWCR — — — — — — PWCR1  PWCRO  14-bit
PWDRU — — PWDRU5 PWDRU4 PWDRU3 PWDRU2 PWDRU1 PwDRUo WM
PWDRL PWDRL? PWDRL6 PWDRL5 PWDRL4 PWDRL3 PWDRL2 PWDRL1 PWDRLO

PDR1 P17 P16 P15 P14 P13 P12 P11 P10 1/0 port
PDR3 P37 P36 P35 P34 P33 P32 P31 P30

PDR4 — — — — P43 P42 P41 P40

PDR5 P57 P56 P55 P54 P53 P52 P51 P50

PDR6 P67 P66 P65 P64 P63 P62 P61 P60

PDR? P77 P76 P75 P74 P73 P72 P71 P70

PDRS P87 P86 P85 P84 P83 P82 P81 P80

PDRA — — — — PA3 PA2 PA1 PAO
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Register Module
Abbreviation Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
PDRB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO 1/0 port
PUCR1 PUCR17 PUCR16 PUCR15 PUCR14 PUCR13 PUCR12 PUCR11 PUCR10
PUCR3 PUCR37 PUCR36 PUCR35 PUCR34 PUCR33 PUCR32 PUCR31 PUCR30
PUCRS5 PUCR57 PUCR56 PUCR55 PUCR54 PUCR53 PUCR52 PUCR51  PUCR50
PUCR6 PUCR67 PUCR66 PUCR65 PUCR64 PUCR63 PUCR62 PUCR61 PUCR60
PCR1 PCR17  PCR16 PCR15 PCR14 PCR13  PCR12  PCRi1 PCR10
PCR3 PCR37 PCR36 PCR35 PCR34 PCR33 PCR32  PCR3i PCR30
PCR4 — — — — — PCR42  PCR41 PCR40
PCR5 PCR57 PCR56 PCR55 PCR54 PCR53  PCR52  PCRS51 PCR50
PCR6 PCR67 PCR66 PCRe5 PCRé4 PCR63  PCR62  PCReé1 PCR60
PCR7 PCR77 PCR76 PCR75 PCR74 PCR73 PCR72  PCR71 PCR70
PCR8 PCR87 PCR86 PCR85 PCR84 PCR83 PCR82  PCR8i PCR80
PCRA — — — — PCRA3  PCRA2  PCRA1  PCRAO
SYSCR1 SSBY STS2 STST STSO LSON - MA1 MAO SYSTEM
SYSCR2 — — — NESEL  DTON MSON SA1 SAO
IEGR — — — IEG4 IEG3 IEG2 IEG1 IEGO Interrupts
IENR1 IENTA — IENWP  IEN4 IEN3 IEN2 IEN1 IENO
IENR2 IENDT IENAD  — IENTG IENTFH IENTFL  IENTC IENEC
IRR1 IRRTA — — IRRI4 IRRI3 IRRI2 IRRI1 IRRIO
IRR2 IRRDT IRRAD  — IRRTG IRRTFH  IRRTFL  IRRTC IRREC
IWPR IWPF7 IWPF6 IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO
CKSTPR1 — S31CKSTP S32CKSTP ADCKSTP TGCKSTP TFCKSTP TCCKSTP TACKSTP SYSTEM
CKSTPR2 — — — — AECKSTP WDCKSTP PWCKSTP LDCKSTP
Notes: 1. AEC: Asynchronous event counter
2. WDT: Watchdog timer
3. LCD: LCD controller/driver
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15.3 Register Statesin Each Operating M ode

igtg)lrset\iration Reset Active Sleep Watch Subactive Subsleep Standby Module
FLMCR1 Initialized — — Initialized Initialized Initialized Initialized ROM
FLMCR2 Initialized — — — — — —

FLPWCR Initialized — — — — — —

EBR Initialized — — Initialized Initialized Initialized Initialized

FENR Initialized — — — — — —

WEGR Initialized — — — — — — Interrupts
SPCR Initialized — — — — — — SCI3
CWOSR Initialized — — — — — — Timer A
ECCSR Initialized ~— — — — — — — AEC™
ECH Initialized — — — — — —

ECL Initialized — — — — — —

SMR31 Initialized — — Initialized — — Initialized SCI31
BRR31 Initialized — — Initialized — —_ Initialized

SCR31 Initialized — — Initialized — — Initialized

TDR31 Initialized — — Initialized — — Initialized

SSR31 Initialized — — Initialized — — Initialized

RDR31 Initialized — — Initialized — — Initialized

SMR32 Initialized — — Initialized — — Initialized SCI32
BRR32 Initialized — — Initialized — — Initialized

SCR32 Initialized — — Initialized — —_ Initialized

TDR32 Initialized — — Initialized — — Initialized

SSR32 Initialized — — Initialized — — Initialized

RDR32 Initialized — — Initialized — — Initialized

TMA Initialized — — — — — — Timer A
TCA Initialized — — — — — —

TCSRW Initialized ~— — — — — — — WDT*
TCW Initialized — — — — — —
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Esglrzt\iration Reset Active Sleep Watch Subactive Subsleep Standby Module
T™MC Initialized — — — — — — Timer C
TCC Initialized — — — — — —

TLC Initialized — — — — — —

TCRF Initialized — — — — — — Timer F
TCSRF Initialized — — — — — —

TCFH Initialized — — — _ _ _

TCFL Initialized — — — — — —

OCRFH Initialized — — — — — —

OCRFL Initialized — — — — — —

TMG Initialized — — — — — — Timer G
ICRGF Initialized — — — — — _

ICRGR Initialized — — — — — —

LPCR Initialized ~— — — — — — — LCD*
LCR Initialized — — — — — —

LCR2 Initialized — — — — — —

ADRRH — — — — — — — A/D
ADRRL — — — — _ _ _ converter
AMR Initialized — — — — — —

ADSR Initialized — — Initialized Initialized Initialized Initialized

PMR1 Initialized — — — — — — 1/0 port
PMR2 Initialized — — — — — —

PMR3 Initialized — — — — — —

PMR5 Initialized — — — — — —

PWCR Initialized — — — — — — 14-bit
PWDRU Initialized ~ — — — — —_ — PWM
PWDRL Initialized — — — — — —

PDR1 Initialized — — — — — — /0 port
PDR3 Initialized — — — — — —

PDR4 Initialized — — — — — —

PDR5 Initialized — — — — — —

PDR6 Initialized — — — — — —

PDR7 Initialized — — — — — —

PDR8 Initialized — — — — — —

PDRA Initialized — — — — — —
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Esglrzt\iration Reset Active Sleep Watch Subactive Subsleep Standby Module
PDRB Initialized — — — — — — 1/0 port
PUCR1 Initialized — — — — — —
PUCR3 Initialized — — — — — —
PUCRS5 Initialized — — — — — —
PUCR6 Initialized — — — — — —
PCR1 Initialized — — — — — —
PCR3 Initialized — — — — — —
PCR4 Initialized — — — — — —
PCR5 Initialized — — — — — —
PCR6 Initialized — — — — — —
PCR7 Initialized — — — — — —
PCR8 Initialized — — — — — —
PCRA Initialized — — — — — —
SYSCR1 Initialized — — — — — — SYSTEM
SYSCR2 Initialized — — — — — —
IEGR Initialized — — — — — — Interrupts
IENR1 Initialized — — — — — —
IENR2 Initialized — — — — — —
IRR1 Initialized — — — —_ — —
IRR2 Initialized — — — — — —
IWPR Initialized —_ — — —_ — —
CKSTPR1 Initialized — — — — — — SYSTEM
CKSTPR2 Initialized — — — — — — —
Notes: — is not initialized
1. AEC: Asynchronous event counter
2. WDT: Watchdog timer
3. LCD: LCD controller/driver
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Section 16 Electrical Characteristics

16.1 Absolute Maximum Ratings
Table 16.1 lists the absolute maximum ratings.

Table16.1 Absolute Maximum Ratings

Item Symbol Value Unit Note
Power supply voltage Ve, -0.3t0 +7.0 % i
CV, -0.3t0 +4.3 \
Analog power supply voltage AV, -0.3t0 +7.0 \Y
Input voltage OtherthanportB  V_ -0.3to V, +0.3 \
Port B AV, -0.3to AV, +0.3 Vv
Operating temperature Tow 20 to +75™ °C
(regular specifications)
—40 to +85™
(wide-range temperature
specifications)
Storage temperature T —-551t0 +125 °C

Notes: 1. Permanent damage may result if maximum ratings are exceeded. Normal operation
should be under the conditions specified in Electrical Characteristics. Exceeding these
values can result in incorrect operation and reduced reliability.

2. The operating temperature ranges from —20°C to +75°C when programming or erasing

the flash memory.
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16.2 Electrical Characteristics

16.2.1 Power Supply Voltage and Operating Ranges

The power supply voltage and operating ranges (shaded portions) are shown below.

(1) Power Supply Voltage and Oscillation Frequency Range

16.0 |—----------

fosc (MHz)

20 [---mmmnn---

384 -

fw (kHzZ)

2.7 5

Vee (V.

* Active (high-speed) mode
¢ Sleep (high-speed) mode

Note: fosc is the oscillator frequency. When an external clock is used 1 MHz is the minimum fosc value.

5
)

e

* All operating modes

Vee (V)
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(2) Power Supply Voltage and Operating Frequency Range

X J A : :
L N
5 16.384 [=--=------ fr--
T I
=3 : :
< : :
10 p----------- 96 b---mmm ]
e
2.7 5.5 § 8192 fm---ooeoe (e ]
Vee (V) = ! |
= i i
« Active (high-speed) mode é . H
« Sleep (high-speed) mode (except CPU) 48 [ *I -------------------- |
el e
1000 p=----mm---- | -
1 1
2.7 5.5
Vee (V)
’I'\T + Subactive mode
= + Subsleep mode (except CPU)
915 625 bmvooooeeno- « Watch mode (except CPU)
(7.813)#2 |- - ! !
1 1
2.7 5.5
Vee (V)

* Active (medium-speed) mode
« Sleep (medium-speed) mode (except A/D converter)

Notes 1. The figure in parentheses ( ) indicates the minimum operating frequency when an external clock is
used. When the resonator is used the minimum operating frequency (¢) is 1 MHz.
2. The figure in parentheses ( ) indicates the minimum operating frequency when an external clock is
used. When the resonator is used the minimum operating frequency (¢) is 15.625 kHz.

(3) Analog Power Supply Voltage and A/D Converter Operating Range

80 f~----------
= —
T N
=) z
= = 1000 [=----------
10 p-----------
05 f=----m-mmmn- SUUN e ; g
1 1
2.7 55 2.7 5.5
AVcce (V) AVcc (V)
+ Active (high-speed) mode « Active (medium-speed) mode
+ Sleep (high-speed) mode « Sleep (medium-speed) mode
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16.2.2 DC Characteristics

Table 16.2 lists the DC characteristics.

Table16.2

Vie=27Vto55V,AV =27V1t055V,V, ,=AV, =0.0V, unless otherwise specified

DC Characteristics

Values
Iltem Symbol Applicable Pins Min Typ  Max Unit  Test Condition Notes
Input high V, RES, Vix08 — Vo + 0.3 \ Vi=40Vto55V
voltage %Po toﬂ(Pﬂ
IRQ, to IRQ,,
AEVL, AEVH,
TMIC, TMIF, Vix09 — V. + 0.3 Other than above
TMIG, ADTRG,
SCK,,, SCK,,
RXD,,, RXD,, Veex 0.7 — Vo +0.3 \ Vi=40Vto55V
ub Vex0.8 — Vo +0.3 Other than above
OSC, Vix08 — V. + 0.3 \ Vi=40Vto55V
Vex 09 — Vo + 0.3 Other than above
P1,to P1,, Vx 07 — Vo + 0.3 \ Vi=40Vto55V
P3, to P3,,
P4, to P4,,
P5, to P5,,
P6,to P6,, V%08 — V. +03 Other than above
P7,to P7,,
P8, to P8,
PA, to PA,
PB, to PB, Vx 07 — AV,.+03 V Vi=40Vto55V
Vx08 — AV, +0.3 Other than above
EXCL Vix09 — Vo + 0.3 \
Note: Connect the TEST pin to V.
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Values

ltem Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Inputlow V. RES, -0.3 — V. x0.2 \Y Voc=4.0Vto55V
voltage WKP, to WKP,,

IRQ, to IRQ,,

AEVL, AEVH,

TMIC, TMIF, -0.3 —_ Ve x 0.1 Other than above

TMIG, ADTRG,

SCK,,, SCK,,

RXD,,, RXD,,, -0.3 — V. x0.3 \ V,o,=4.0Vto55V

ub -0.3 — Vi x0.2 Other than above

OSC, -0.3 — V. x0.2 Vv Voe=40Vto55V

-0.3 — Vi x 0.1 Other than above

EXCL -0.3 — 0.1V, \Y

P1,to P1, -0.3 — V. x0.3 \ V,,=4.0Vto55V

P3, to P3,,

P4, to P4,,

P5, to P5,,

P6, to P6,,

P7,to0 P7,, -0.3 — Vo x0.2 Other than above

P8, to P8,,

PA, to PA,,

PB, to PB,
Output Vou P1,to P1, Vee—=1.0 — — Vv V,,=4.0Vto55V
high P3, to P3,, oy =1.0mA
voltage P4, to P4,

P5,to P5,, Vee—05 — — Vi=40Vto55V

P6, to P6,, —loy =0.5 MA

P7,to P7,,

P8, to P8, Vee =03 — - oy =0.1mA

PA, to PA,
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Values
Item Symbol Applicable Pins  Min Typ  Max Unit Test Condition Notes
Output low V. P1,to P1,, — — 0.6 \% Vee=4.0Vio55V
voltage P4, to P4, lo, = 1.6 mA
P5, to P5,,
P6, to P6,,
P7,to0 P7,, - — 05 lo, = 0.4 mA
P8, to P8,
PA, to PA,
P3, to P3, — — 1.0 Vi=40Vto55V
lo, =10 mA
— — 0.6 Vi=40Vto55V
lo, = 1.6 mA
— — 0.5 lo,=0.4mA
Input/ [ 1,1 RES, P4, — — 1.0 pA V,=05VtoV, -
output P1,to P1,, 05V
leakage 0SC,, X,,
current P3,to P3,,
P4, to P4,
P5, to P5,,
P6, to P6,,
pP7,to P7,,
P8, to P8,
PA, to PA,
PB, to PB, — — 1.0 V,=05Vto AV,
-05V
Pull-up -1, P1,to P1,, 20 — 200 pA Ve=5.0V,
MOS P3,to P3,, V=00V
current P5,to P5,,
P8, to P6, 0 — V=27V, Refer-
V=00V ence
value
Input C. All input pins — — 15.0 pF f=1MHz,
capaci- except power V=00V,
tance supply pin T,=25°C
Rev. 1.00 May 30, 2008 Page 406 of 484
REJ09B0436-0100 RENESAS



Section 16 Electrical Characteristics

Values
ltem Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Active loper Voo — 08 — mA  Active (high-speed) *'***
mode mode Approx.
current Ve =27V, max.
consump- fosc = 2 MHz value =
tion 1.1 x Typ.
_ 1 2 _ %2 33 k4
Approx.
max.
value =
1.1 x Typ.
— 1.0 — Active (high-speed) *'***¢
mode Approx.
Vee=5V, max.
fosc = 2 MHz value =
1.1 x Typ.
_ 1 5 _ %2 k3 k4
Approx.
max.
value =
1.1 x Typ.
— 20 — Active (high-speed) *'***
mode Approx.
Vee=5V, max.
fosc = 4 MHz value =
1.1 x Typ.
_ 24 _ %2 k3 k4
— 40 7.0 Active (high-speed) *'***
mode Tkawkaka
4.9 7.0 V=5V,
fosc = 10 MHz
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Values
Item Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Active lope Voo — 04 — mA  Active (medium- e
mode speed) mode Approx.
current Ve =27V, max.
consump- fosc = 2 MHz, value =
tion 0osc/128 1.1 x Typ.
_ 07 _ %2 k3 k4
Approx.
max.
value =
1.1 x Typ.
— 05 — Active (medium- ks
speed) mode Approx.
Vee=5V, max.
fosc = 2 MHz, value =
Dosc/128 1.1 x Typ.
_ 1 0 _ %2 k3 k4
Approx.
max.
value =
1.1 x Typ.
— 08 — Active (medium- o
speed) mode Approx.
Vee=5V, max.
fosc = 4 MHz, value =
dos/128 1.1 x Typ.
_ 1 2 _ %2 33 k4
— 12 3.0 Active (medium- s
— speed) mode 2 o ¥a
1.7 3.0 V=5V,
fosc = 10 MHz,
¢osc/1 28
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Values

ltem Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes

Sleep It eer Voo — 05 — mA V=27V, e
mode fosc = 2 MHz Approx.
current max.

consump- value =

tion 1.1 x Typ.

%2 %3 k4

Approx.
max.
value =
1.1 x Typ.

_ 0.7 _ Vcc =5V, 31 33 %4
fose = 2 MHz Approx.
max.
value =
1.1 x Typ.

*2 %3 %4
J— 1.2 J—

Approx.
max.
value =
1.1 x Typ.

_ 11 _ VCC=5V, k1 3k3 k4
f..=4MHz Approx.
max.
value =
1.1 x Typ.

2 s 4
— 1.6 —

osc

— 1.9 5.0 V=5V, e
foso = 10 MHz T e

Subactive I, Vg, — 12 — PA V=27V, o
mode LCD on, Reference
current 32-kHz crystal value

consump- 15 resonator used %2 %3 %4
tion (¢5UB = ¢W/8) Reference
value

— 18 50 V=27V, e

LCD on, Treware
32-kHz crystal

resonator used

(q)sus = ¢w/2)
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Values
ltem Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Subsleep I e, Vg — 38 16 HA V=27V, o
mode LCD on,
current 32-kHz crystal
consump- resonator used
tion (q)sus = ¢w/2)
Watch lyaron Voo — 18 — A V=27V, e
mode T, =25°C, Reference
current 32-kHz crystal value
consump- — 18 — resonator used, 2 %3
tion ' LCD not used
Reference
value
— 30 6.0 V=27V, o
32-kHz crystal
resonator used,
LCD not used
Standby  lgpg, Voo — 03 — A V=27V, e
mode T, =25°C, Reference
current 32-kHz crystal value
consump- resonator not used
tion — 03 — V=27V, e
T,=25°C, Reference
32-kHz crystal value
resonator not used
_ 0.4 _ Vcc =50V, 1 %3 k4
T,=25°C, Reference
32-kHz crystal value
— 05 — resonator not used Tzwswa
Reference
value
— 1.0 50 32-kHz crystal o
resonator not used
RAM data V,, Voo 2.0 — — \" s
retaining
voltage
Allowable |, Output pins — — 2.0 mA Vee=40Vio55V
output low except port 3
current Port 3 — — 100 Vee=40V1055V
(per pin)
All output pins — — 0.5
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Values
ltem Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Allowable I, Output pins — — 40.0 mA  V,.=40Vto55V
output low except port 3
current
(total) Port 3 — — 80.0 Vie=40Vto55V
All output pins — — 20.0
Allowable I, All output pins — — 2.0 mA Vee=40Vio55V
ogtput — — 0.2 Other than above
high
current
(per pin)
Allowable >, All output pins — — 15.0 mA  V,.=40Vto55V
oytput — — 10.0 Other than above
high
current
(total)
Vgstart  Vogar Voo 0 — 0.1 \Y 2
voltage
V, rising SV, Vg 0.05 — — V/ms 2
gradient
Notes: Connect the TEST pin to V.
1. Applies to the mask-ROM version.
2. Applies to the flash memory version.
3. Pin states when current consumption is measured
RES Other LCD Power
Mode Pin Internal State Pins Supply Oscillator Pins
Active (high-speed) Vo Only CPU operates Ve Stops System clock:
mode (Iy,) crystal resonator
Active (medium-speed) Subclock:
mode (l...,) Pin X, = GND
Sleep mode Vee Only all on-chip timers Vee Stops
operate
Subactive mode Vo Only CPU operates Vo Stops System clock:
Subsleep mode Vo Only all on-chip timers Ve Stops crystal resonator
operate Subclock:
CPU stops crystal resonator
Watch mode Vo Only clock time base Ve Stops
operates
CPU stops
Standby mode Ve CPU and timers Vee Stops System clock:
both stop crystal resonator

Subclock:
Pin X, = GND

4. Except current which flows to the pull-up MOS or output buffer
5. Voltage maintained in standby mode
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16.2.3 AC Characteristics

Table 16.3 lists the control signal timing and table 16.4 lists the serial interface timing.

Table16.3 Control Signal Timing

Vie=27Vto55V,AV =27V1t055V,V, ,=AV, =0.0V, unless otherwise specified

Applicable Values Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
System clock fosc 0OSsC,, 20 — 16.0 MHz
oscillation OSC,
frequency
OSC clock (dps0)  toes 0sC,, 625 — 500 ns Figure
cycle time 0SC, (1000) 16.1™
System clock ()t 2 — 128 tosc
cycle time — — 128 us
Subclock oscillation f,, X X, — 32.768 — kHz
frequency EXCL or38.4
Watch clock (¢,,) ty X X, — 30.50r — us Figure
cycle time EXCL 26.0 16.1
Subclock (dg,s) Eouooye 2 — 4 t, i
cycle time
Instruction cycle 2 — — oo
time 'subcyc
Oscillation o 0OSC,, — 20 45 us Ceramic resonator  Figure
stabilization time OSC, (V,,=3.0to55V) 16.9
— 80 — Ceramic resonator
other than above
— 0.8 2 ms Crystal resonator
— — 50 Other than above
o X X, — — 2.0 s
External clock high t,, OSC, 25 — — ns Figure
width 16.1
EXCL — 15.26 or — ys Figure
13.02 16.1
External clock low t_, OSC, 25  — — ns Figure
width 16.1
EXCL — 15.26 or — us Figure
13.02 16.1
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Applicable Values Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
External clock rise  t, OSC, - — 6 ns Figure
time 16.1

EXCL — — 55.0 Figure

16.1

External clock fall  t, 0OsC, — — 6 ns Figure
time 16.1

EXCL — — 55.0 Figure

16.1

RES pin low toe RES 10 — — tye Figure
width 16.2
Input pin high t,, IRQ, to IRQ,, 2 — — t, Figure
width WKP, to ey 16.3

WKP,,

ADTRG,

TMIC, TMIF,

TMIG

AEVL, AEVH 32 — — ns
Input pin low t, IRQ, to IRQ,, 2 — — e Figure
width WKP, to ey 16.3

WKP,,

ADTRG

TMIC, TMIF,

TMIG

AEVL, AEVH 32 — — ns
UD pin minimum  t, ub 4 — — oy Figure
transition width tesbeye 16.4

t

upL

Notes: 1. Determined by the SA1 and SAO bits in the system control register 2 (SYSCR2).
2. The figure in parentheses ( ) indicates the maximum fosc value when an external clock

is used.
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Table16.4  Serial Interface (SCI3) Timing

Vie=27Vto55V,AV =27V1t055V,V, ,=AV . =0.0V, unless otherwise specified

Values Test Reference
Iltem Symbol Min Typ Max Unit Condition  Figure
Input clock Asynchronous tooye 4 - — teort,. Figure 16.5
cycle Clocked synchronous 6 - —
Input clock pulse width tockw 0.4 — 06 t, Figure 16.5
Transmit data delay time to — — 1 toe OF topeye Figure 16.6
(clocked synchronous)
Receive data setup time toxs 200 — — ns Figure 16.6
(clocked synchronous)
Receive data hold time b 200 — — ns Figure 16.6

(clocked synchronous)

16.2.4 A/D Converter Characteristics
Table 16.5 shows the A/D converter characteristics.

Table16.5 A/D Converter Characteristics
Ve=27V1055V,AV =27V 1055V, V,=AV,=0.0V, unless otherwise specified

Values

Applicable Test Reference
Iltem Symbol  Pins Min  Typ Max Unit  Condition  Figure
Analog power supply AV, AV, 2.7 — 5.5 \Y *‘
voltage
Analog input voltage AV, AN, to -03 — AV, +03 V
AN,
Analog power supply Al AV, — — 1.5 mA AV, =50V
current AISTOP1 AVcc - 600 - HA *
Reference
value
AISTOP2 Avcc - - 5.0 HA *
Analog input Con AN, to — — 15.0 pF
capacitance AN,
Allowable signal Ran — — 10.0 kQ
source impedance
Resolution (data — — 10 bit
length)
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Applicable Values Test Reference
ltem Symbol  Pins Min  Typ Max Unit  Condition  Figure
Nonlinearity error — — +3.5 LSB AV, =40V

to5.5V
— — +7.5 AV, =27V
to5.5V
Quantization error — — +0.5 LSB
Absolute accuracy — +2.0 4.0 LSB AV, =40V
to55V
— +2.0 8.0 AV, =27V
to5.5V
Conversion time 7.8 — 124 us

Notes: 1. Set AV, =V, when the A/D converter is not used.

2. Al
3. Al

STOP1

STOP2

while the A/D converter is idle.

is the current in active and sleep modes while the A/D converter is idle.
is the current at reset and in standby, watch, subactive, and subsleep modes

RENESAS
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16.25 LCD Characteristics
Table 16.6 shows the LCD characteristics.

Table16.6 LCD Characteristics

Vie=27Vto55V,AV =27V1t055V,V, ,=AV, =0.0V, unless otherwise specified

Applicable Values Reference
Item Symbol Pins Min  Typ  Max Unit Test Condition Figure
Segment driver V¢ SEG, to — — 06 V ly =2 pA o
step-down voltage SEG,, V1=27Vto55V
Common driver Voo COM, to — — 0.3 Y, I, =2 pA -
step-down voltage COM, Vi=27Vto55V
LCD power supply R, 15 3.0 7.0 MQ  Between V1 and
split-resistance Vs
Liquid crystal Vi \2 2.7 — 55 % 2

display voltage

Notes: 1. The voltage step-down from power supply pins V1, V2, V3, and V to each segment pin
or common pin.
2. When the liquid crystal display voltage is supplied from an external power supply,
ensure that the following relationship is maintained: V1 2V2>V3 >V
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16.2.6 Flash Memory Characteristics

Table16.7 Flash Memory Characteristics

Condition: AV .=27V1t055V,V =AV, =00V, V_,.=27Vto5.5YV (range of operating
voltage when reading), V..=3.0 V to 5.5 V (range of operating voltage when
programming/erasing), T, = —20°C to +75°C (range of operating temperature when
programming/erasing: product with regular specifications, product with wide-range
temperature specifications)

Values

Test
Iltem Symbol  Min Typ Max Unit Conditions
Programming time™'***¢ t, — 7 200 ms/128 bytes
Erase time™'"™**® t — 100 1200 ms/block
Reprogramming count Nieo 1000  10000™ — times
Data retain period toee 10" — — year
Programming  Wait time after . X 1 — — us
SWE-bit setting™
Wait time after y 50 — — us
PSU-bit setting™
Wait time after z1 28 30 32 us 1<n<6
. . kK4
P-bit setting 22 198 200 202 us 7<n <1000
z3 8 10 12 us Additional
programming
Wait time after o 5 — — us
P-bit clear™
Wait time after B 5 — — us
PSU-bit clear™
Wait time after Y 4 — — us
PV-bit setting™'
Wait time after € 2 — — us
dummy write®'
Wait time after n 2 — — us
PV-bit clear™
Wait time after 0 100 — — us
SWE-bit clear™
Maximum N — — 1000 times
programming
count*w*A*s
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Values
Test
Iltem Symbol  Min Typ Max Unit Conditions
Erase Wait time after X 1 — — us
SWE-bit setting™
Wait time after y 100 — — us
ESU-bit setting™
Wait time after z 10 — 100 ms
E-bit setting™"**
Wait time after o 10 — — us
E-bit clear™
Wait time after B 10 — — us
ESU-bit clear™
Wait time after Y 20 — — us
EV-bit setting™'
Wait time after € 2 — — us
dummy write™'
Wait time after n 4 — — us
EV-bit clear™
Wait time after 0 100 — — us
SWE-bit clear™'
Maximum erase N — — 120 times
count*1*6*7
Notes: 1. Set the times according to the program/erase algorithms.

10.

Programming time per 128 bytes (Shows the total period for which the P bit in FLMCR1 is set. It
does not include the programming verification time.)
Block erase time (Shows the total period for which the E bit in FLMCR1 is set. It does not include
the erase verification time.)
Maximum programming time (t, (max))
t. (max) = Wait time after P-bit setting (z) x maximum number of writes (N)
The maximum number of writes (N) should be set according to the actual set value of z1, z2, and
z3 to allow programming within the maximum programming time (t, (max)).
The wait time after P-bit setting (z1 and z2) should be alternated according to the number of writes
(n) as follows:

1<n<6 z1 =30 ps

7<n<1000 z2=200ps
Maximum erase time (t. (max))
t. (max) = Wait time after E-bit setting (z) x maximum erase count (N)
The maximum number of erases (N) should be set according to the actual set value of z to allow
erasing within the maximum erase time (t. (max)).
This minimum value guarantees all characteristics after reprogramming (the guaranteed range is
from 1 to the minimum value).
Reference value when the temperature is 25°C (normally reprogramming will be performed by this
count).
This is a data retain characteristic when reprogramming is performed within the specification range
including this minimum value.
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16.3  Operation Timing

Figures 16.1 to 16.6 show timing diagrams.

tosc, tw
-—————————————————————————————————————

ViH
OSCHt

X4 V||_

tcpH tepL

= = topr ™ tep

Figure16.1 Clock Input Timing

0
m
(7]

ViL

tREL

Figure16.2 RES Low Width

|RQO to m4, / \

WKP, to WKP-, ViH
ADTRG,
TMIC, TMIF, ViL
T™MIG,
AEVL, AEVH
ti B tiH N

Figure16.3 Input Timing
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uD

tupL tupH
[ I |

Figure16.4 UD Pin Minimum Modulation Width Timing

tsckw

SCK

SCKgp

tseyc
-y~

Figure16.5 SCK3 Input Clock Timing
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tscyc

SCK31 VIH or VOH* =
SCK3s Vi or Vo * /

trxp

|-
TXD31 V, *
TXDsp OH
(transmit data) VoL

trxs
tRXH
|

P YL X X

Note: * Output timing reference levels
Output high Von = 1/2Vcc + 0.2V
Output low VoL =08V
Load conditions are shown in figure 16.7.

Figure16.6 SCI3 Synchronous Mode | nput/Output Timing
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164  Output Load Circuit
Vee
2.4kQ
Output pin
30 pF 12kQ
Figure 16.7 Output Load Condition
16.5 Resonator
Ls S Rs
|
00— —W\
OSC1<—o —>(0SC2
Co
Il
[
Ceramic Oscillator Parameters
Frequency | 4 MHz Manufacturer | Products Name
Rs Manufacturer's Publicly Released Values| MURATA CSTLS
Max. 8.8 4MO00G
Co Max. 36 pF 53/56
Crystal Oscillator Parameters
Frequency | 4.193 MHz Manufacturer | Products Name
Rs Manufacturer's Publicly Released Values| Nihon Denpa | NR-18
Max. 100 Kogyo
Co Max. 16 pF

Figure16.8 Resonator Equivalent Circuit
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Crystal resonator

Resonating Frequency Manufacturer Model Cq,Co
4 MHz Nihon Denpa Kogyo NR-18 12pF £ 20%
10 MHz

Ceramic resonator

Resonating Frequency Manufacturer Model C4,Co
2 MHz MURATA CSTCC2M00G53-B0 15pF + 20%
CSTCC2M00G56-B0 47pF £ 20%
4 MHz CSTLS4M00G53-B0 15pF + 20%
CSTLS4M00G56-B0 47pF £ 20%
10 MHz CSTLS10M0G53-B0 15pF + 20%
CSTLS10M0G56-B0 47pF £ 20%

Figure16.9 Resonator Equivalent Circuit

16.6 Usage Note

Each of the products covered in this manual satisfy the electrical characteristics indicated.
However, the actual electrical characteristics, operating margin and noise margin may differ from
the indicated values due to differences in the manufacturing process, built-in ROM, layout pattern
and other factors.

If a system evaluation test is conducted with the flash memory version, when switching to a mask
ROM version, perform the same evaluation test with the mask ROM version.
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A.

Al

Appendix

I nstruction Set

Instruction List

Condition Code

Symbol Description

Rd General destination register

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EAs) Source operand

PC Program counter

SP Stack pointer

CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\ V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right
Logical AND of the operands on both sides

v Logical OR of the operands on both sides

Logical exclusive OR of the operands on both sides
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Symbol Description
- NOT (logical complement)
(), <> Contents of operand

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers
(RO to R7 and EO to E7).

Condition Code Notation (cont)

Symbol Description
0 Changed according to execution result
* Undetermined (no guaranteed value)
0 Cleared to 0
1 Set to 1

— Not affected by execution of the instruction

A Varies depending on conditions, described in notes
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TableA.1

Instruction Set

1. Data Transfer Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™"
+
_ 9 g ) Condition Code
Mnemonic @ _|u Operation
o & % %) |3
g gluEl 18 E| &
glsleluwizit|IZI® | 5|32
O|¥|x|® 080 || | HIN|lz|V]|c|Zz]|<
MOV |MOV.B #xx:8, Rd B|2 #xx:8 — Rd8 —12|T|0|— 2
MOV.B Rs, Rd B 2 Rs8 — Rd8 —1T|T|0|— 2
MOV.B @ERs, Rd B 2 @ERs — Rd8 —|T|T]0|— 4
MOV.B @(d:16, ERs), Rd | B 4 @(d:16, ERs) — Rd8 —12 |20 |— 6
MOV.B @(d:24, ERs), Rd | B 8 @(d:24, ERs) — Rd8 —|T|T]0|— 10
MOV.B @ERs+, Rd B 2 @ERs — Rd8 —|T|T|0o|l—] 6
ERs32+1 — ERs32
MOV.B @aa:8, Rd B @aa:8 — Rd8 —|T(T|0|— 4
MOV.B @aa:16, Rd B @aa:16 — Rd8 —|T|T]0|— 6
MOV.B @aa:24, Rd B @aa:24 — Rd8 —12|T|0|— 8
MOV.B Rs, @ERd B 2 Rs8 — @ERd —|T|T1]0|— 4
MOV.B Rs, @(d:16, ERd) | B 4 Rs8 — @(d:16, ERd) —|2|s|o|l—] 6
MOV.B Rs, @(d:24, ERd) | B 8 Rs8 — @(d:24, ERd) —|T|T1]0|— 10
MOV.B Rs, @-ERd B 2 ERd32-1 — ERd32 —12 |20 |— 6
Rs8 — @ERd
MOV.B Rs, @aa:8 B Rs8 — @aa:8 —|T(T|0|— 4
MOV.B Rs, @aa:16 B Rs8 —» @aa:16 —|T/T]0|— 6
MOV.B Rs, @aa:24 B Rs8 — @aa:24 —|T(T|0|— 8
MOV.W #xx:16, Rd Wi 4 #xx:16 — Rd16 —|T|T]0|— 4
MOV.W Rs, Rd w 2 Rs16 — Rd16 —12|T|0|— 2
MOV.W @ERs, Rd W 2 @ERs — Rd16 —|T|T]0|— 4
MOV.W @(d:16, ERs), Rd | W 4 @(d:16, ERs) — Rd16 —12|T|0|— 6
MOV.W @(d:24, ERs), Rd | W 8 @(d:24, ERs) — Rd16 —ltltlo|—| 10
MOV.W @ERs+, Rd w 2 @ERs — Rd16 —12|T|0|— 6
ERs32+2 — @ERd32
MOV.W @aa:16, Rd w @aa:16 — Rd16 —12|T|0|— 6
MOV.W @aa:24, Rd W @aa:24 — Rd16 —|T|T]0|— 8
MOV.W Rs, @ERd w 2 Rs16 —» @ERd —12|T|0|— 4
MOV.W Rs, @(d:16, ERd) | W 4 Rs16 — @(d:16, ERd) —|T|T1]0|— 6
MOV.W Rs, @ (d:24, ERd) | W 8 Rs16 — @(d:24, ERd) —|T|T|0|—| 10
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Addressing Mode and No. of
Instruction Length (bytes) States™
+
9 DC: Condition Code
Mnemonic ? _|u Operation
e c|® ~ 3
o x|z O — | ©
< c|W|y [ST ] © c
i ol e|lo| S €| s
2| x R RS ARCARC) S0 3
2| % c = = S| T
O|#|x|®©|® 6|86 I | H v z| <
MOV |[MOV.W Rs, @—ERd w 2 ERd32-2 — ERd32 —|—|T 2o 6
Rs16 - @ERd
MOV.W Rs, @aa:16 w Rs16 — @aa:16 —|—[T|T |0 6
MOV.W Rs, @aa:24 w Rs16 — @aa:24 —|—|T|T |0 8
MOV.L #xx:32, ERd L|6 #xx:32 —» ERd32 —|—|T T o0 6
MOV.L ERs, ERd L 2 ERs32 — ERd32 —|—|T T o0 2
MOV.L @ERs, ERd L 4 @ERs — ERd32 —|—|T T 0 8
MOV.L @(d:16, ERs), ERd | L @(d:16, ERs) > ERd32 |—|—|[2 [T |0 10
MOV.L @(d:24, ERs), ERd | L 10 @(d:24, ERs) - ERd32 |—|—|T [T |0 14
MOV.L @ERs+, ERd L 4 @ERs — ERd32 —|—|T|T 0 10
ERs32+4 — ERs32
MOV.L @aa:16, ERd L 6 @aa:16 — ERdA32 —|—|T|T]o0 10
MOV.L @aa:24, ERd L 8 @aa:24 — ERd32 —|—|T|T o0 12
MOV.L ERs, @ERd L 4 ERs32 —» @ERd —|—|T|T o0 8
MOV.L ERs, @(d:16, ERd) | L ERs32 — @(d:16,ERd) |—|— [T | |0 10
MOV.L ERs, @(d:24, ERd) | L 10 ERs32 — @(d:24,ERd) |—|— [T [T |0 14
MOV.L ERs, @-ERd L 4 ERd32-4 — ERd32 —|—|T T o0 10
ERs32 —» @ERd
MOV.L ERs, @aa:16 L 6 ERs32 —» @aa:16 —|—|T|T |0 10
MOV.L ERs, @aa:24 L 8 ERs32 —» @aa:24 —|— ’1lo0 12
POP |[POP.W Rn w @SP — Rn16 —|—|T|T 0 6
SP+2 — SP
POP.L ERn L @SP — ERn32 —|—|T|T o0 10
SP+4 — SP
PUSH|PUSH.W Rn w SP-2 — SP —|—|T|T 0 6
Rn16 —» @SP
PUSH.L ERn L SP-4 — SP —|—[T|T]o0 10
ERn32 —» @SP
mMovFPE| MOVFPE @aa:16, Rd B 4 Cannot be used in Cannot be used in
this LSI this LSI
MovTPE|MOVTPE Rs, @aa:16 B 4 Cannot be used in Cannot be used in
this LSI this LSI
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2. Arithmetic Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™!
+
. 9 DC: . Condition Code
Mnemonic %) . (LIS.JI Operation -
kel ﬁ:: = %) — 8
S c (W n:: [ST [ c
2 x| B 24 8|20 ElE
O|X|x|® 08 ® QI QI HiN|[Z|Vv|c|Z|<
ADD |ADD.B #xx:8, Rd B|2 Rd8+#xx:8 — Rd8 212121212 2
ADD.B Rs, Rd B 2 Rd8+Rs8 — Rd8 OB OB RON BON I 2
ADD.W #xx:16, Rd W/ 4 Rd16+#xx:16 — Rd16 MmTIzizIe 4
ADD.W Rs, Rd w 2 Rd16+Rs16 — Rd16 Mmizlizize 2
ADD.L #xx:32, ERd L|6 ERdA32+#xx:32 — @[T|T|T|T 6
ERd32
ADD.L ERs, ERd L 2 ERd32+ERs32 — @T(T|T|T 2
ERd32
ADDX |ADDX.B #xx:8, Rd B|2 Rd8+#xx:8 +C — Rd8 T121®(T T 2
ADDX.B Rs, Rd B 2 Rd8+Rs8 +C — Rd8 (T[T |T 2
ADDS |ADDS.L #1, ERd L 2 ERd32+1 — ERd32 — === 2
ADDS.L #2, ERd L 2 ERd32+2 — ERd32 — === 2
ADDS.L #4, ERd L 2 ERd32+4 — ERd32 — == == 2
INC |INC.BRd B 2 Rd8+1 — Rd8 —1T12|T|— 2
INC.W #1, Rd w 2 Rd16+1 — Rd16 —121212|— 2
INC.W #2, Rd w 2 Rd16+2 — Rd16 Ol N oy - 2
INC.L #1, ERd L 2 ERd32+1 — ERd32 S N O o 2
INC.L #2, ERd L 2 ERd32+2 — ERd32 SN ROoN oy = 2
DAA |DAARd B 2 Rd8 decimal adjust Rl BN RON B 2
— Rd8
SUB |SUB.B Rs, Rd B 2 Rd8-Rs8 — Rd8 BB BN EON Ko 2
SUB.W #xx:16, Rd W/ 4 Rd16—#xx:16 — Rd16 Mmislizizle 4
SUB.W Rs, Rd w 2 Rd16-Rs16 — Rd16 MmT|ITITIT 2
SUBL.L #xx:32, ERd L|6 ERd32-#xx:32 — ERd32 @T2]212 6
SUB.L ERs, ERd L 2 ERd32-ERs32 — ERd32 @[T|T|T|T 2
SUBX |SUBX.B #xx:8, Rd B|2 Rd8—#xx:8-C — Rd8 T1213(T T 2
SUBX.B Rs, Rd B 2 Rd8-Rs8-C — Rd8 TIT(@®|T|T 2
SUBS |SUBS.L #1, ERd L 2 ERd32-1 — ERd32 — === 2
SUBS.L #2, ERd L 2 ERd32-2 — ERd32 — == == 2
SUBS.L #4, ERd L 2 ERd32-4 — ERd32 — == == 2
DEC |DEC.BRd B 2 Rd8-1 — Rd8 —1T(T|T|— 2
DEC.W #1, Rd w 2 Rd16-1 — Rd16 —121212 |- 2
DEC.W #2, Rd w 2 Rd16-2 — Rd16 —1T(2|2|— 2
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Appendix

Addressing Mode and No. of
Instruction Length (bytes) States™!
+
g g Condition Code
Mnemonic o |y Operation

- c|® —~ 3
c = O — | o
] c|W|g alg [ =
5 Elsiulslg|§ El g
oW 2|1 ]a8|2 s |3
O|#|2|® 0| ® 6|0 HiN|lz|V|c|2Z|<

DEC |DEC.L #1, ERd L 2 ERd32-1 — ERd32 —|1T1T T |— 2
DEC.L #2, ERd L 2 ERd32-2 — ERd32 —|1T1T T |— 2

DAS |DAS.Rd B 2 Rd8 decimal adjust C RON BON I 2

— Rd8
MULXU [MULXU. B Rs, Rd B 2 Rd8 x Rs8 — Rd16 — === 14
(unsigned multiplication)
MULXU. W Rs, ERd W 2 Rd16 x Rs16 — ERd32 e el el el e 22
(unsigned multiplication)
MULXS |MULXS. B Rs, Rd B 4 Rd8 x Rs8 — Rd16 —T|T|—|— 16
(signed multiplication)
MULXS. W Rs, ERd W 4 Rd16 x Rs16 — ERd32 —121(T == 24
(signed multiplication)
DIVXU |DIVXU. B Rs, Rd B 2 Rd16 + Rs8 — Rd16 —|(6)[(7)|— | — 14
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd W 2 ERd32 + Rs16 — ERd32 —|(6)[(7)|— | — 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS |DIVXS. B Rs, Rd B 4 Rd16 + Rs8 — Rd16 — @) (7)) |—|— 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd W 4 ERd32 + Rs16 — ERd32 — | (7)|—|— 24
(Ed: remainder,
Rd: quotient)
(signed division)

CMP |CMP.B #xx:8, Rd B|2 Rd8—#xx:8 N RONRON BON I 2
CMP.B Rs, Rd B 2 Rd8-Rs8 O BONRON BON I 2
CMP.W #xx:16, Rd W\ 4 Rd16-#xx:16 MmTITIT|T 4
CMP.W Rs, Rd w 2 Rd16-Rs16 mTic|e|e 2
CMP.L #xx:32, ERd L|6 ERd32—#xx:32 @[T(TT]2 4
CMP.L ERs, ERd L 2 ERd32-ERs32 @[T 2
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Appendix

Addressing Mode and No. of
Instruction Length (bytes) States™
+
9 &g Condition Code
Mnemonic % w Operation
s =G —~ 3
[T o — | o
g clu|g 0| T | c
i Tl -l oS E| G
YR A RCAKC) 513
o0|¥|x|® 0|66 8 8l HIN|Z|Vv]c|2Z|<
NEG |NEG.BRd B 2 0-Rd8 — Rd8 TIT|T|T|T 2
NEG.W Rd w 2 0-Rd16 — Rd16 OREONBON RORE 2
NEG.L ERd L 2 0-ERd32 — ERd32 112212 2
EXTU |[EXTU.W Rd w 2 0 — (<bits 15 to 8> —l0|T|0|— 2
of Rd16)
EXTU.L ERd L 2 0 — (<bits 31 to 16> —l0|T|0|— 2
of ERd32)
EXTS |[EXTS.W Rd w 2 (<bit 7> of Rd16) — —12(T|0|— 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) — —12(T|0|— 2
(<bits 31 to 16> of
ERd32)
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Appendix

3. Logic Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™
+
Q g Condition Code
Mnemonic % |y Operation

bt S ~ 3

c s O — | o

3 c|W|y [aR ] © c

o Clz|ylels|d E|S

o X|lc|W(21|8|= s | S

O|#|x|®®B® B e HIN|[Z|V zZ | <
AND |AND.B #xx:8, Rd B|2 Rd8a#xx:8 — Rd8 —|T|T]o0 2
AND.B Rs, Rd B 2 Rd8ARs8 — Rd8 —|2(T]o 2
AND.W #xx:16, Rd W\ 4 Rd16A#xx:16 — Rd16 —|T|T]o0 4
AND.W Rs, Rd w 2 Rd16ARs16 — Rd16 —|T|T]o0 2
AND.L #xx:32, ERd L|6 ERd32#xx:32 — ERd32 —|T|T]o0 6
AND.L ERs, ERd L 4 ERd32AERs32 — ERd32 —|2(T]o 4
OR |OR.B #xx:8, Rd B|2 Rd8v#xx:8 — Rd8 —|T|T]o0 2
OR.B Rs, Rd B 2 Rd8vRs8 — Rd8 —|T|T]o0 2
OR.W #xx:16, Rd w4 Rd16v#xx:16 — Rd16 —|T|T]o0 4
OR.W Rs, Rd w 2 Rd16vRs16 — Rd16 —|2(T]o 2
OR.L #xx:32, ERd L|6 ERd32v#xx:32 — ERd32 —|2(T]o0 6
OR.L ERs, ERd L 4 ERd32VERs32 — ERd32 —|T|T]o0 4
XOR |XOR.B #xx:8, Rd B|2 Rd8®#xx:8 — Rd8 —|T|T]o0 2
XOR.B Rs, Rd B 2 Rd8®Rs8 — Rd8 —|2(T]o 2
XOR.W #xx:16, Rd W\ 4 Rd16®#xx:16 — Rd16 —|T|T]o0 4
XOR.W Rs, Rd w 2 Rd16®Rs16 — Rd16 —|T(T]o 2
XOR.L #xx:32, ERd L|6 ERd32®#xx:32 — ERd32 —|T|T]o0 6
XOR.L ERs, ERd L 4 ERd32®ERs32 — ERd32 —|2(T]o 4
NOT |NOT.B Rd B 2 - Rd8 — Rd8 —|2(T]o0 2
NOT.W Rd w 2 - Rd16 — Rd16 —|T/T]|o 2
NOT.L ERd L 2 - Rd32 — Rd32 —|T(T]o 2
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Appendix

4. Shift Instructions

Addressing Mode and No. of
Instruction Length (bytes) States !
+
Q g Condition Code
Mnemonic %] _|u Operation

e}

hid = @ —~ i}

c x\= o] — o

S c|W|y olg T | e

D | Slo|W sz ElS

2%l e ST 3|8 5|3

O|#||®Q® B Q& HIN|[z|V|c|Z | <
g = s [ o
SHAL.W Rd w 2 —|1T(T|T T 2
SHAL.L ERd L 2 MSB LsB —|z]z]|s|s| 2
SHAR |SHAR.B Rd B 2 _ —|T(T|0|T 2
SHAR.W Rd wl |2 L —ltlrlolz] 2
SHAR.L ERd L 2 msB LS8 —[21tlo]2 2
SHLL |SHLL.B Rd B 2 o —|2/2l0]2 2
SHLL.W Rd w 2 —|T]2|0]2 2
SHLL.L ERd L 2 MSB LSB —121]20]2 2
SHLR |SHLR.B Rd B 2 —|T(T|0|T 2
SHLRW Rd w2 o-____ | " ltlols] 2
SHLR.L ERd L 2 msB LsSB —121(20|2 2
ROTXL |[ROTXL.B Rd B 2 —|2|T1]0]C 2
ROTXLW Rd wl |2 I | R ERE
ROTXL.L ERd L 2 MSB<—— LSB —|2/T|0|2T 2
ROTXR |ROTXR.B Rd B 2 —121Tl0]2 2
ROTXRW g wl |2 o] 2
ROTXR.L ERd L 2 MSB —LSB —12(20|2 2
ROTL |ROTL.BRd B 2 : _ —|T(T|0|T 2
ROTL.W Rd w| |2 oL 17 —Jzltlolz] -2
ROTL.L ERd L 2 MSB ~—— LSB —12120|2 2
ROTR |ROTR.B Rd B 2 ] —|2]2|0]2 2
ROTR.W Rd w| |2 — —|2]t]of2] 2
ROTR.L ERd L 2 MSB —LSB —[21tlo]2 2
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Appendix

5. Bit-Manipulation Instructions

Addressing Mode and No. of
Instruction Length (bytes) States !
+
) Q &g ) Condition Code
Mnemonic a |y Operation
° €18 |o |3
T clW|y (o ] c
ARSI El2
O|£|x|®®IB BB HIN|Z |V z | <
BSET |BSET #xx:3, Rd B (#xx:3 of Rd8) « 1 — === 2
BSET #xx:3, @ERd | B 4 (#xx:3 of @ERd) « 1 e el el 8
BSET #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) « 1 — === 8
BSET Rn, Rd B 2 (Rn8 of Rd8) « 1 — === 2
BSET Rn, @ERd B 4 (Rn8 of @ERd) « 1 — === 8
BSET Rn, @aa:8 B 4 (Rn8 of @aa:8) « 1 — === 8
BCLR |BCLR #xx:3, Rd B 2 (#xx:3 of Rd8) «- 0 — === 2
BCLR #xx:3, @ERd | B 4 (#xx:3 of @ERd) « 0 — === 8
BCLR #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) «— 0 — === 8
BCLR Rn, Rd B 2 (Rn8 of Rd8) «— 0 — === 2
BCLR Rn, @ERd B 4 (Rn8 of @ERd) « 0 — === 8
BCLR Rn, @aa:8 B 4 (Rn8 of @aa:8) «- 0 — === 8
BNOT |BNOT #xx:3, Rd B 2 (#xx:3 of Rd8) « —|—|—|— 2
= (#xx:3 of Rd8)
BNOT #xx:3, @ERd | B 4 (#xx:3 of @ERd) « e el el 8
- (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) « — === 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B 2 (Rn8 of Rd8) « — === 2
- (Rn8 of Rd8)
BNOT Rn, @ERd B 4 (Rn8 of @ERd) « —|—|—]— 8
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B 4 (Rn8 of @aa:8) « e el el 8
- (Rn8 of @aa:8)
BTST |BTST #xx:3, Rd B 2 = (#xx:3 of Rd8) — Z —|—|T |— 2
BTST #xx:3, @ERd | B 4 - (#xx:3 of @ERd) — Z — =T |— 6
BTST #xx:3, @aa:8 | B 4 - (#xx:3 of @aa:8) —» Z ——|T |- 6
BTST Rn, Rd B 2 - (Rn8 of @Rd8) — Z — =T |— 2
BTST Rn, @ERd B 4 - (Rn8 of @ERd) —» Z — =T |— 6
BTST Rn, @aa:8 B 4 - (Rn8 of @aa:8) - Z —|—|T |— 6
BLD |BLD #xx:3, Rd B 2 (#xx:3 of Rd8) — C — === 2
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Appendix

Addressing Mode and No. of
Instruction Length (bytes) States™
+
) ] & ) Condition Code
Mnemonic @ o |w Operation

E £2 o _ |3

s gluEl %] 8 gl s

2 Slelw CANER ARCALC) S|z

O|#||®® ® B 66 HINlZ|Vvic| 2| <
BLD |BLD #xx:3, @ERd B 4 (#xx:3 of @ERd) — C — === 6
BLD #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) —» C —|—|—=]—17 6
BILD |BILD #xx:3, Rd B 2 - (#xx:3 of Rd8) — C — === 2
BILD #xx:3, @ERd B 4 - (#xx:3 of @ERd) —» C —|—|—]—12Z 6
BILD #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) » C — === 6
BST |BST #xx:3, Rd B 2 C — (#xx:3 of Rd8) — = === 2
BST #xx:3, @ERd B 4 C — (#xx:3 of @ ERd24) —|—]=]=[=] s
BST #xx:3, @aa:8 B 4 C — (#xx:3 of @aa:8) e el el el 8
BIST [BIST #xx:3, Rd B 2 - C — (#xx:3 of Rd8) e el el e 2
BIST #xx:3, @ERd B 4 - C — (#xx:3 of @ERd24) — = === 8
BIST #xx:3, @aa:8 B 4 - C — (#xx:3 of @aa:8) B e e el 8
BAND |BAND #xx:3, Rd B 2 CA(#xx:3 of Rd8) — C —|—|—=—7 2
BAND #xx:3, @ERd | B 4 Ca(#xx:3 of @ERd24) — C —|—=]=|=]2 6
BAND #xx:3, @aa:8 | B 4 CA(#xx:3 of @aa:8) —» C —|—|=|—17 6
BIAND |BIAND #xx:3, Rd B 2 CA - (#xx:3 of Rd8) — C —|—|—=]—17 2
BIAND #xx:3, @ERd | B 4 CAa = (#xx:3 of @ERd24) — C el e el R 6
BIAND #xx:3, @aa:8 | B 4 CA - (#xx:3 of @aa:8) —» C — === 6
BOR |BOR #xx:3, Rd B 2 Cv(#xx:3 of Rd8) - C —|=|=]=T| =2
BOR #xx:3, @ERd B 4 Cv(#xx:3 of @ERd24) — C —|—|—=|—7 6
BOR #xx:3, @aa:8 B 4 Cv(#xx:3 of @aa:8) —» C —|—|—=—7 6
BIOR |BIOR #xx:3, Rd B 2 Cv = (#xx:3 of Rd8) — C —|—|—=—17 2
BIOR #xx:3, @ERd B 4 Cv = (#xx:3 of @ERd24) —» C —|—|—=]—17 6
BIOR #xx:3, @aa:8 B 4 Cv = (#xx:3 of @aa:8) -» C — === 6
BXOR |BXOR #xx:3, Rd B 2 Co(#xx:3 of Rd8) —» C —|—|—=|—2Z 2
BXOR #xx:3, @ERd | B 4 Co(#xx:3 of @ERd24) - C —|—|==I7 6
BXOR #xx:3, @aa:8 | B 4 C@(#xx:3 of @aa:8) —» C —|—|=—17 6
BIXOR |BIXOR #xx:3, Rd B 2 C® - (#xx:3 of Rd8) —» C —|—|—=|—7 2
BIXOR #xx:3, @ERd | B 4 C® - (#xx:3 of @ERd24) —» C —|—|—=]—17 6
BIXOR #xx:3, @aa:8 | B 4 C® - (#xx:3 of @aa:8) - C —|—|—=|—7 6
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6. Branching Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™
+
) 9 &g ) Condition Code
Mnemonic %) |y Operation

2 £ |g .| B

< c|W|g Q| T | c

E‘g_ 3| c fis|Y gl C% Branch § .g

0|#|x|®® 0668 Condition | I [H|N|Z |V zZ | <
Bcc |BRAd:8 (BT d:8) 2 If condition | Always — = |=]=]= 4
BRA d:16 (BT d:16) — 4 is true then = 6
BRN d:8 (BF d:8) 2 PC « PC+d|Nover === 4
BRN d:16 (BF d:16) | — 4 else next; === 6
BHI d:8 — 2 CvZ=0 — = =]=]= 4
BHI d:16 — 4 = === 6
BLS d:8 — 2 Cvz=1 — = =]=]= 4
BLS d:16 — 4 === = 5
BCC d:8 (BHS d:8) — 2 C=0 === 4
BCC d:16 (BHS d:16) — 4 — == == 6
BCS d:8 (BLO d:8) — 2 C=1 === 4
BCS d:16 (BLO d:16) — 4 — == == 6
BNE d:8 — 2 Z=0 === 4
BNE d:16 — 4 == == 6
BEQ d:8 — 2 Z=1 — = === 4
BEQ d:16 — 4 —=1=1=1= 6
BVC d:8 — 2 V=0 RN DU U B P 4
BVC d:16 — 4 == == 6
BVS d:8 — 2 V=1 — == == 4
BVS d:16 — 4 —=1=1=1= 6
BPL d:8 — 2 N=0 N R ) D 2
BPL d:16 — 4 == == 6
BMI d:8 — 2 N=1 ——]=]=]= 4
BMI d:16 — 4 == == 6
BGE d:8 — 2 N®V =0 JENEY U U PR 4
BGE d:16 — 4 —=1=1=1= 6
BLT d:8 — 2 NeV = 1 JRNE U U R 4
BLT d:16 — 4 ) R PR D P 6
BGT d:8 — 2 Zv (NeV) = 0| — | — | — |— |— 4
BGT d:16 — 4 ) R PR DR P 6
BLE d:8 — 2 Zv(NeV) = 1| — | —|—|—|— 4
BLE d:16 — 4 == == 6
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Addressing Mode and No. of
Instruction Length (bytes) States ™’
+
] g Condition Code
Mnemonic % ul Operation
- g8 & 3
c @ = O - | o
S c|W|E Q| T |
@ ¥lglulaolglS €| a
SlglclU|Sils|2|® S
O|£|x|®®IB®IBIB6 HIN|Z |V Z | <
JMP |JMP @ERn 2 PC « ERn ===
JMP @aa:24 — 4 PC < aa:24 | — ===
JMP @ @aa:8 — 2 PC « @aa:8 —|—|—|—|—| 8 |10
BSR |BSRd:8 — 2 PC —» @-SP —|—|—=]—=]—
PC « PC+d:8
BSR d:16 — 4 PC —» @-SP —|—|—|—|—| 8 |10
PC « PC+d:16
JSR |JSR @ERn — 2 PC —» @-SP —|—|—|—|—| 6 | 8
PC < ERn
JSR @aa:24 — 4 PC —» @-SP —|—|—|—|—| 8 |10
PC « aa:24
JSR @ @aa:8 — 2 PC —» @-SP —|—|—=|—|—| 8 |12
PC « @aa:8
RTS |RTS — PC « @SP+ —|—|—|—|—| 8 |10
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7. System Control Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™
+
© é Condition Code
Mnemonic %] _|u Operation
2 o |~ 3
c x| = O — 3}
s e =g g8
> rlslu|la|s ® E| g
alglclw(ST|s|S s | B
0| x|® Q|® Q1] Q| I {HIN|zZ|V]|c|Z2|<
RTE |RTE — CCR  @SP+ TITIT|T|T|T 10
PC < @SP+
SLEEP |SLEEP — Transition to power- 2
down state
LDC |LDC #xx:8, CCR B|2 #xx:8 — CCR TIT(T|T|T|T 2
LDC Rs, CCR B 2 Rs8 — CCR TIT|TT|T|T 2
LDC @ERs, CCR w 4 @ERs — CCR T|T|T|T|T T 6
LDC @(d:16, ERs), CCR | W @(d:16,ERs) >ccr [T |T|T[T|T|T) 8
LDC @(d:24, ERs), CCR | W 10 @(d:24,ERs) sccr [T |T|T (T |T|T 12
LDC @ERs+, CCR w 4 @ERs — CCR 8
ERs32+2 — ERs32 TET e
LDC @aa:16, CCR w 6 @aa:16 — CCR e 8
LDC @aa:24, CCR w 8 @aa:24 — CCR TITIT|T|T|T 10
STC |STC CCR, Rd B 2 CCR — Rd8 2
STC CCR, @ERd w 4 CCR — @ERd 6
STC CCR, @(d:16, ERd) | W CCR — @(d:16, ERd) 8
STC CCR, @(d:24, ERd) |W 10 CCR - @(d:24, ERd) 12
STC CCR, @-ERd w 4 ERd32-2 — ERd32 8
CCR — @ERd
STC CCR, @aa:16 w 6 CCR = @aa:16 8
STC CCR, @aa:24 w 8 CCR — @aa:24 10
ANDC |ANDC #xx:8, CCR B|2 CCRA#xx:8 — CCR TIT|T|T|T|T 2
ORC |ORC #xx:8, CCR B2 CCRv#xx:8 — CCR TIT(T|T|T|T 2
XORC | XORC #xx:8, CCR B|2 CCR®#xx:8 — CCR TITIT|T|T|T 2
NOP |NOP — 2 |pC « PC+2 2
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8. Block Transfer Instructions

Addressing Mode and No. of
Instruction Length (bytes) States™’
+
9 & Condition Code
Mnemonic %) |y Operation
= c|® ~ B3
2 x|= O — | o
g sl¥lel %8 g5
Slxlclu2 Y1g82le 513
O0|#%|z|®|® 68|86 Q| I IlH{Nlz|Vv]c|Z]|<
EEPMOV |EEPMOV. B — 4 |if R4L # 0 then —|—|—|—|—|—| 8+
repeat @R5 — @R6 4n2
R5+1 - R5
R6+1 — R6
R4L-1 — R4L
until R4L=0
else next
EEPMOV. W — 4 |if R4 =0 then — == |—=|—=|— 8+
repeat @R5 — @R6 4n"
R5+1 - R5
R6+1 — R6
R4-1 - R4
until R4=0
else next

Notes: 1. The number of states in cases where the instruction code and its operands are located
in on-chip memory is shown here. For other cases, see appendix A.3, Number of
Execution States.

2. nis the value set in register R4L or R4.

(1) Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.

(2) Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.

(3) Retains its previous value when the result is zero; otherwise cleared to 0.

(4) Set to 1 when the adjustment produces a carry; otherwise retains its previous value.

(5) The number of states required for execution of an instruction that transfers data in
synchronization with the E clock is variable.

(6) Set to 1 when the divisor is negative; otherwise cleared to 0.
(7) Set to 1 when the divisor is zero; otherwise cleared to 0.
(8) Set to 1 when the quotient is negative; otherwise cleared to 0.
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Appendix

Operation Code Map

A.2

TableA.2 Operation Code Map (1)

AOW 4
anv 3
HOX a
HO 2
Xans g
e v
xaav 6
aav 8
Tid_~|aNvid_~ [HoXid~| Hord
N.<Aw_vnﬁ NONd33 N.<m_vnﬁ N.<m_vg& NOW L
8~ ONVE “HOX8 .~ MO8 151 | w108 | LONS | 13s8
AOW any | Hox "o 9
1s8
(@
usr 7 usa dwr o 3y | usa | siH | AXAId | nxINW | NXAIG | NXINN | S
3@ | 1o | 118 7 o8 | g 18 | sna | ona | ovas | 3na | sog | oo | sig HE | Nug vug v
€
N0
z
(@) (@) (@) (@ . . . (@ (@ (@ (@
zvoeiqer| X8NS dno v elqel | 2'y elqel ans zyeiqey| ANV | HOX | 8HO oy 5qe) |z eiqes [z eigeL [zveer|
(2) (@) (@) ()
2vaqey| Xaav AOW v ozl |2y aaeL aav oa1 | oaNv | oWOX | oHO | oal | o1s |G | don 0
4 3 a 2 g v 6 8 L 9 s v € z ' 0 Hv
v
“T STHE JO 11q JuBdLIuSIS JSOW USyM UOTIONNSU]
1d |H49 | 1V |HV
*0 ST HY JO 11q JuBdLJIuSIs JSOW USyM UOTIONNSU] A&q pug | KqIs] | :opoo uononnsuy
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TableA.2 Operation Code Map (2)

ANy | HOX HO ans | dwo aav | AOW 7
ANy | HOX "o ans | dwo aav | AOW 6L
318 | log | 118 308 Ing 1dg | sng ond | o3g ang sog 008 | s19 IHg NHE | vdg 8s
dno sva 41
03a o3a ans 03a 03a sans gl
ans 03a Vi
S1x3 S1x3 93N 93N nix3 nix3 1ON 1ON L
Hlod d10d HX1OH HX 104 €l
JLod 1L0d IXLoH XL0d 4}
HVHS dvHS HIHS HTHS b
IVHS WHS TIHS TIHS ot
AOW vva 40
ONI ONI saav ONI ONI saav g0
aav ONI V0
L L . 43318 o1s/0a1 NOW 10
4 3 a o) g v 6 8 L 9 ] ¥ € 2 b 0 :m._< HY
14 [H4 [ TV [HY
A4Aq pug | 9£q1s] | :9pod uononnsuy
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TableA.2 Operation Code Map (3)

‘plol} SSRIPPE SNj0Sqe AU} S| BE 2
‘pley uoneubisap Jaysibal ayy st °| :SBJON

4108 | LONG | 13Sg |z.leeds
1Sig
§108 | LONg | 13S9 |g.9eeds
1sg
aTig_~|aNvig_~[HOXIg | HOld
1s1d 22883,
a1g | ~anva | ~Hoxd| ~ Hog
1s1g 2.9eeaL
§108 | LONg | l3s8 |,..0iz
1Sig
y108 | LONg | 13s€ |;.9040L
1sdg
aTig_~|aNvig_~[HOXIg | HOlg
1s1d 1, L0IOL
a1g | ~anve | ~Hoxd| ~ Hog
1s1g 1,9040L
ANy | HOX 5O 90410
SXAId SXAIQ s0ato
SXTNIN SXINN | 50010
ols ols ols ols
oa1 oa1 oan oa1 9ovio
HOTE
HEY
4 a g 6 L 9 s ¥ £ 2 ' 0 Y
10
“1 ST H( JO 119 JuedIusIs 1SOW Uaym UOTIONISU] —»
1d |HA | 1O |HO | 19 | HY | TV | HV
"0 ST H( JO 119 JuedjIusIs 1SOW Uaym UOTONISU] A4q Yy | 214q pIg | ALq pug | A1L4QIS] | :OPOO UOHONISUT
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A3 Number of Execution States

The status of execution for each instruction of the H8/300H CPU and the method of calculating
the number of states required for instruction execution are shown below. Table A.4 shows the
number of cycles of each type occurring in each instruction, such as instruction fetch and data
read/write. Table A.3 shows the number of states required for each cycle. The total number of
states required for execution of an instruction can be calculated by the following expression:

Execution states =1x S+ Jx S, + KxS, +L xS +Mx S, + Nx§
Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed.
BSET #0, @FF00

From table A .4:
I=L=2, J=K=M=N=0

From table A.3:
S,=2, S, =2

Number of states required for execution=2 X2 +2x2 =8

When instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, and
on-chip RAM is used for stack area.

JSR @@ 30

From table A.4:
I=2, J=K=1, L=M=N=0

From table A.3:
S,=S5,=S5,=2

Number of states required for execution =2 X2 + 1 X2+ 1x2 =8
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TableA.3 Number of Cyclesin Each Instruction

Execution Status Access Location

(Instruction Cycle) On-Chip Memory On-Chip Peripheral Module

Instruction fetch \ 2 —

Branch address read

Byte data access . 2 or 3%

Word data access

S
S
Stack operation S
S
S

Internal operation S, 1

Note: * Depends on which on-chip peripheral module is accessed. See section 15.1, Register
Addresses (Address Order).
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TableA.4 Number of Cyclesin Each Instruction

Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Word Data Internal
Access Operation

N

ADD

ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W #xx:16, Rd
ADD.W Rs, Rd
ADD.L #xx:32, ERd
ADD.L ERs, ERd

1
1

ADDS

ADDS #1/2/4, ERd

ADDX

ADDX #xx:8, Rd
ADDX Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

ANDC

ANDC #xx:8, CCR

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

—_

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

NN D NN DN DN NN NN NDNDN

RENESAS
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Instruction Branch Stack Internal
Fetch Addr. Read Operation Operation
Instruction Mnemonic | J K N
Bce BLT d:8 2
BGT d:8 2
BLE d:8 2
BRA d:16(BT d:16) 2 2
BRN d:16(BF d:16) 2 2
BHI d:16 2 2
BLS d:16 2 2
BCC d:16(BHS d:16) 2 2
BCS d:16(BLO d:16) 2 2
BNE d:16 2 2
BEQ d:16 2 2
BVC d:16 2 2
BVS d:16 2 2
BPL d:16 2 2
BMI d:16 2 2
BGE d:16 2 2
BLT d:16 2 2
BGT d:16 2 2
BLE d:16 2 2
BCLR BCLR #xx:3, Rd 1
BCLR #xx:3, @ERd 2
BCLR #xx:3, @aa:8 2
BCLR Rn, Rd 1
BCLR Rn, @ERd 2
BCLR Rn, @aa:8 2
BIAND BIAND #xx:3, Rd 1
BIAND #xx:3, @ERd 2
BIAND #xx:3, @aa:8 2
BILD BILD #xx:3, Rd 1
BILD #xx:3, @ERd 2
BILD #xx:3, @aa:8 2
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
BIOR BIOR #xx:3, Rd 1

BIOR #xx:3, @ERd 2 1

BIOR #xx:3, @aa:8 2 1
BIST BIST #xx:3, Rd 1

BIST #xx:3, @ERd 2 2

BIST #xx:3, @aa:8 2 2
BIXOR BIXOR #xx:3, Rd 1

BIXOR #xx:3, @ERd 2 1

BIXOR #xx:3, @aa:8 2 1
BLD BLD #xx:3, Rd 1

BLD #xx:3, @ERd 2 1

BLD #xx:3, @aa:8 2 1
BNOT BNOT #xx:3, Rd 1

BNOT #xx:3, @ERd 2 2

BNOT #xx:3, @aa:8 2 2

BNOT Rn, Rd 1

BNOT Rn, @ERd 2 2

BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1

BOR #xx:3, @ERd 2 1

BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1

BSET #xx:3, @ERd 2 2

BSET #xx:3, @aa:8 2 2

BSET Rn, Rd 1

BSET Rn, @ERd 2 2

BSET Rn, @aa:8 2 2
BSR BSR d:8 2 1

BSR d:16 2 1 2
BST BST #xx:3, Rd 1

BST #xx:3, @ERd 2 2

BST #xx:3, @aa:8 2 2
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BTST BTST #xx:3, Rd 1
BTST #xx:3, @ERd 2 1
BTST #xx:3, @aa:8 2 1
BTST Rn, Rd 1
BTST Rn, @ERd 2 1
BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @ERd 2 1
BXOR #xx:3, @aa:8 2 1
CMP CMP.B #xx:8, Rd 1
CMP.B Rs, Rd 1
CMP.W #xx:16, Rd 2
CMP.W Rs, Rd 1
CMP.L #xx:32, ERd 3
CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1
DEC DEC.B Rd 1
DEC.W #1/2, Rd 1
DEC.L #1/2, ERd 1
DUVXS DIVXS.B Rs, Rd 2 12
DIVXS.W Rs, ERd 2 20
DIVXU DIVXU.B Rs, Rd 1 12
DIVXU.W Rs, ERd 1 20
EEPMOV  EEPMOV.B 2 2n+2%#'
EEPMOV.W 2 2n+2#'
EXTS EXTS.W Rd 1
EXTS.L ERd 1
EXTU EXTU.W Rd 1
EXTU.L ERd 1
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Instruction Mnemonic

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

| J K L M N

INC

INC.B Rd
INC.W #1/2, Rd
INC.L #1/2, ERd

1
1

JMP

JMP @ERn
JMP @aa:24
JMP @ @aa:8

JSR

JSR @ERn
JSR @aa:24
JSR @ @aa:8

LDC

LDC #xx:8, CCR

LDC Rs, CCR
LDC@ERs, CCR
LDC@(d:16, ERs), CCR
LDC@(d:24,ERs), CCR
LDC@ERs+, CCR
LDC@aa:16, CCR
LDC@aa:24, CCR

A WO N O WD
-
N

MOV

MOV.B #xx:8, Rd

MOV.B Rs, Rd

MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @Erd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)
MOV.B Rs, @-ERd
MOV.B Rs, @aa:8

e

SN
-

- W N
-

E- S \V]
—_
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
MOV MOV.B Rs, @aa:16 2 1
MOV.B Rs, @aa:24 3 1
MOV.W #xx:16, Rd 2
MOV.W Rs, Rd 1
MOV.W @ERs, Rd 1 1
MOV.W @(d:16,ERs), Rd 2 1
MOV.W @ (d:24,ERs), Rd 4 1
MOV.W @ERs+, Rd 1 1 2
MOV.W @aa:16, Rd 2 1
MOV.W @aa:24, Rd 3 1
MOV.W Rs, @ERd 1 1
MOV.W Rs, @(d:16,ERd) 2 1
MOV.W Rs, @ (d:24,ERd) 4 1
MOV MOV.W Rs, @-ERd 1 1 2
MOV.W Rs, @aa:16 2 1
MOV.W Rs, @aa:24 3 1
MOV.L #xx:32, ERd 3
MOV.L ERs, ERd 1
MOV.L @ERs, ERd 2 2
MOV.L @(d:16,ERs), ERd 3 2
MOV.L @(d:24,ERs), ERd 5 2
MOV.L @ERs+, ERd 2 2 2
MOV.L @aa:16, ERd 3 2
MOV.L @aa:24, ERd 4 2
MOV.L ERs,@ERd 2 2
MOV.L ERs, @(d:16,ERd) 3 2
MOV.LERs, @(d:24,ERd) 5 2
MOV.L ERs, @-ERd 2 2 2
MOV.L ERs, @aa:16 3 2
MOV.L ERs, @aa:24 4 2
MOVFPE MOVFPE @aa:16, Rd** 2 1
MOVTPE  MOVTPE Rs,@aa:16* 2 1
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Instruction

Mnemonic

Instruction Branch Stack

Fetch
|

Byte Data Word Data Internal

Addr. Read Operation Access Access Operation

J K

L M N

MULXS

MULXS.B Rs, Rd
MULXS.W Rs, ERd

2
2

12
20

MULXU

MULXU.B Rs, Rd
MULXU.W Rs, ERd

12

20

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8, Rd
OR.B Rs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.L ERs, ERd

ORC

ORC #xx:8, CCR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

ROTL

ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

RENESAS
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Instruction

Mnemonic

Instruction Branch Stack Byte Data
Fetch Addr. Read Operation Access
| J K L

Word Data Internal
Access Operation
M N

ROTXR

ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

1
1

RTE

RTE

RTS

RTS

SHAL

SHAL.B Rd
SHAL.W Rd
SHAL.L ERd

SHAR

SHAR.B Rd
SHAR.W Rd
SHAR.L ERd

SHLL

SHLL.B Rd
SHLL.W Rd
SHLL.L ERd

SHLR

SHLR.B Rd
SHLR.W Rd
SHLR.L ERd

SLEEP

SLEEP

STC

STC CCR, Rd

STC CCR, @ERd

STC CCR, @(d:16,ERd)
STC CCR, @(d:24,ERd)
STC CCR,@-ERd

STC CCR, @aa:16
STC CCR, @aa:24

suB

SUB.B Rs, Rd
SUB.W #xx:16, Rd
SUB.W Rs, Rd
SUB.L #xx:32, ERd
SUB.L ERs, ERd

SUBS

SUBS #1/2/4, ERd
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
SUBX SUBX #xx:8, Rd 1
SUBX. Rs, Rd 1
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XOR.W #xx:16, Rd 2
XOR.W Rs, Rd 1
XOR.L #xx:32, ERd 3
XOR.L ERs, ERd 2

XORC XORC #xx:8, CCR

1

Notes: 1. n: Specified value in R4L. The source and destination operands are accessed n+1

times respectively.

2. It cannot be used in this LSI.
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A4

Combinations of I nstructions and Addressing M odes

TableA.5 Combinationsof Instructionsand Addressing M odes

Addressing Mode

o
=l |5 ~
Functions | Instructions 5 ﬁ_ ? o | o 9 8_ ©
AEAREERE-R R RN
3 c L S |2 | w © © © CANICANC)
# || ®  ©® |6 | 6|6 | 8|6 |6 |8 |6 |
Data MOV BWL |BWL|BWL |BWL|BWL|BWL| B |BWLBWL| — | — | — | —
transfer POP, PUSH — =] =]=]=]=|=]=|=|= — |wL
instructions MOVFPE, I R R A R A
MOVTPE
Arithmetic | ADD, CMP BWLBWL| — | — | — | — | — | — | — | — | — | — | —
operations |gyB WLIBWL| — | — | — | — | — | — | — | — | — | — | —
ADDX, SUBX B S e e B B B B B B e
ADDS, SUBS e T e e e B e B B B B e
INC, DEC —BWL| — | — | — | — | — | — | — | — | — | — | —
DAA, DAS — | B |- ||| == === | = | — | —
MULXU, — BV | — | — | — | — | — | — | — | — | — | — | —
MULXS,
DIVXU,
DIVXS
NEG —BWL| — | — | — | — | — | — | — | — | — | — | —
EXTU, EXTS — WL | — | - | - | == == = | = | =
Logical AND, OR, XOR —BWL| — | — | — | — | — | — | — | — | — | — | —
operations NOT — |BWL| — _ _ _ _ _ _ _ _ _ _
Shift operations —BWL| — | — | — | — | — | — | = — | — | — | —
Bit manipulations — | B B|l—|—|—|B|—|—|—|—|—|—
Branching |BCC, BSR —_ - - - | = = | = = | — | —
instructions | jMp, JSR — -1 O|l=|=]=]|=1=1=—1010|=1-=
RTS - - - 1—1—1—-]-/-10|=]|—-—10| =
System RTE - - === === =] =1=10
control SLEEP — - - =] === =] ==]=1=10
instructions LDC B BlW | W | W | wW|—lw w — — =10
STC — | B W W | W | W|— W W|—|—|—|—
ANDC, ORC, B|—|—|—] || — || — =] — | ==
XORC
NOP — | -] === === =10
Block data transfer instructons | — | — | — | — | — | — | — | — | — | — | — | — |BW
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B. [/O Port Block Diagrams

B.1 Block Diagrams of Port 1

SBY
(low level
during reset
and in standby
mode) PUCRI,
Vee \ J
VCC ‘C‘b—‘
|o—@oi PMR1,,
| 3
Qo
ol
P1, »—o<} PDR1, s
=1 £
£
£
Vss +— PCR1,
|/
;D—O@—> TR

PDR1: Port data register 1

PCR1: Port control register 1
PMR1: Port mode register 1
PUCR1: Port pull-up control register 1

*n=7t05—->n-4
n=4-n

FigureB.1(a) Port 1 Block Diagram (PinsP1,to P1,)
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e

QC PUCR13
' PMR13
% PDR13
+— PCR1s

I/

Internal data bus

Timer G
module

FigureB.1(b) Port 1 Block Diagram (Pin P1)
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PDR1:
PCR1:
PMR1:
PUCRT:

n=2,1

c
I

@7 PUCRI1,

PMR1,

PDR1,

Ve
Vs

S

e

+— PCR1,

7

Port data register 1

Port control register 1

Port mode register 1

Port pull-up control register 1

L~

Internal data bus

FigureB.1(c) Port 1 Block Diagram (Pin P1, P1)

RENESAS
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Timer A
module

Vee
|
P1g

PDR1: Port data register 1

PCR1: Port control register 1
PMR1: Port mode register 1
PUCR1: Port pull-up control register 1

@c PUCR1,

|cHQ(H | PMR1,
PDR1o

Vs PCR1
I/

Internal data bus

FigureB.1(d) Port 1 Block Diagram (Pin P1)
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B.2 Block Diagrams of Port 3

Internal data bus

SBY

<I:'_ PUCR3,

Vee
Io—@_ PMR3,

|
P3, —o] PDR3,
Vss — PCR3,
>

AEC module

! AEVH(P3g)

PDR3:  Port data register 3

PCR3:  Port control register 3
PMR3:  Port mode register 3
PUCRS3: Port pull-up control register 3
n=7to 6

! AEVL(P3,)

FigureB.2 (a) Port 3 Block Diagram (Pin P3,to P3)

RENESAS

Rev. 1.00 May 30, 2008 Page 459 of 484

REJ09B0436-0100




Appendix

(P—— PUCR3

SCINV1

kil E==a
SPC31 |<—+
SC131 mode
—C— q L TXD31

| R R ey

[}

P3s PDR3; a
!

]

kel

©

£

t—  PCR3; e

VSS
L

PDR3: Port data register 3

PCR3: Port control register 3

PUCRS3: Port pull-up control register 3

SCINV1: Bit 1 of serial port control register (SPCR)
SPC31: Bit 4 of serial port control register (SPCR)

FigureB.2 (b) Port 3 Block Diagram (Pin P3,)
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SBY
(P PUCR%
Veo | Vee SOI31 module
! RE31
! RXD31
P34 —o<} PDR3, 3
©
g
©
=
—  PCR3, 5
Vss =
L

SCINVO

PDR3: Port data register 3

PCR3: Port control register 3

PUCRS3: Port pull-up control register 3

SCINVO: Bit 0 of serial port control register (SPCR)

FigureB.2 (c) Port 3 Block Diagram (Pin P3)

Rev. 1.00 May 30, 2008 Page 461 of 484
RENESAS REJ09B0436-0100




Appendix

SBY
(P—— PUCR3,
SCI31 module
v ! SCKIE31
cc { 1 SCKOE31
— | | scKost
— SCKI31
P3, PDR3,
e
Ke)
= g
©
—  PCR3, E
Vis g
£
L
)

PDR3:  Port data register 3
PCR3:  Port control register 3
PUCRS: Port pull-up control register 3

FigureB.2 (d) Port 3 Block Diagram (Pin P3)
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o< PDR3,

Internal data bus

@ PUCR3,
VCC
Vee | (
IO—CF’_ PMR3,
I
P3,
VSS

— PCR3,

PDR3: Port data register 3

PCRS3: Port control register 3

PMR3: Port mode register 3
PUCRS: Port pull-up control register 3

FigureB.2 (e-1) Port 3 Block Diagram (Pin P3,in the Mask ROM Version)
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Reset signal
SBY (low level during reset)

PUCRS3,
VCC
Vee | [
IO—CP_ PMR3,
I
P3, o] PDR3,
Vss — PCR3,
1>

PDR3: Port data register 3

PCR3: Port control register 3

PMR3: Port mode register 3
PUCRS3: Port pull-up control register 3

Internal data bus

FigureB.2 (e-2) Port 3 Block Diagram (Pin P3, in the Flash Memory Version)
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SBY PMR2;
@7 PUCR3{ [«—
Vee
Vee {E
|o—@ PMR3; )
fe)
I 8
®©
o
P3; o< PDR3; E
[0}
= 2
Vss »— PCRB34
| Timer C
module_
M = UD
Subclock
PDR3: Port data register 3 oscillator
PCR3: Port control register 3 : Clock
PMR3: Port mode register 3 —‘Do—> ingjt

PMR2: Port mode register 2
PUCRS: Port pull-up control register 3

FigureB.2 (f) Port 3 Block Diagram (Pin P3))
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SBY

PWM module

3

PDR3,

@ PUCR3,
VCC
Vee | (
Io—(f_ PMR3,
I
P3,
VSS

— PCR3,

e

PDR3: Port data register 3

PCR3: Port control register 3

PMRS3: Port mode register 3
PUCRS: Port pull-up control register 3

Internal data bus

FigureB.2 (g) Port 3 Block Diagram (Pin P3)
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B.3 Block Diagrams of Port 4
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PMR3: Port mode register 3

FigureB.3 (a) Port 4 Block Diagram (Pin P4,)

Rev. 1.00 May 30, 2008 Page 467 of 484
RENESAS REJ09B0436-0100




Appendix

| SCINV3 |‘—>

I| SPC32 I|
SCI32 module

—C (= D32

v [

P4, Dﬁ PDR4,

(2]

3

a

o

]

1 PCR42 °

g

VSS §
kS

L=

PDR4:  Port data register 4

PCR4:  Port control register 4

SCINV3: Bit 3 of serial port control register (SPCR)
SPC32: Bit5 of serial port control register (SPCR)

FigureB.3 (b) Port 4 Block Diagram (Pin P4,)
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SCI32 module

e I |

VCC
PDR4,
—  PCR4,
VSS
I/

Internal data bus

—D—D

PDR4:  Port data register 4
PCR4:  Port control register 4
SCINV2: Bit 2 of serial port control register (SPCR)

FigureB.3(c) Port 4 Block Diagram (Pin P4)
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SBY
SCI32 module
Y | SCKIE32
CcC !
' ' SCKOE32
| ' SCKO32
—»: SCKI32
P4, D_ PDR4,
3
ol
g
—  PCR4, E
g
Vss £
L
2y

PDR4: Port data register 4
PCR4: Port control register 4

FigureB.3(d) Port 4 Block Diagram (Pin P4,)
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B4 Block Diagram of Port 5

(2]
@
<

@ PUCRS5,
VCC
Io—@_ PMRS5,
| 3
el
P5, PDR5, g
i .
<] 5
Vss — PCRS, £
%

PDR5: Port data register 5

PCRS5: Port control register 5
PMR5: Port mode register 5
PUCRS5: Port pull-up control register 5
n=7t0

FigureB.4 Port 5 Block Diagram
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B.5 Block Diagram of Port 6

<I>_— PUCRS,

VCC
v PDRS,
CcC \
—
|
— PCRe,
P6,
VSS

PDR6: Port data register 6

PCR6: Port control register 6
PUCRS: Port pull-up control register 6
n=7t0

Internal data bus

FigureB.5 Port 6 Block Diagram
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B.6 Block Diagram of Port 7

SBY

VCC
PDR7, ®
=}
r o]
(T :
T
©
PCR7, 5
er, [ 5
c

VSS

L

PDR7: Port data register 7
PCR7: Port control register 7
n=7t0

FigureB.6 Port 7 Block Diagram

Rev. 1.00 May 30, 2008 Page 473 of 484
RENESAS REJ09B0436-0100




Appendix

B.7 Block Diagrams of Port 8

VCC
PDRS,
0
PCRS,
VSS
L

PDR8: Port data register 8
PCRS8: Port control register 8
n=7t 0

Internal data bus

FigureB.7 Port 8 Block Diagram

Rev. 1.00 May 30, 2008 Page 474 of 484
REJ09B0436-0100 RENESAS




Appendix

B.8 Block Diagram of Port A

VCC
PDRA,
e~ :
o]
+— PCRA, §
on [} :
—C—= :
o<} £
VSS
>

PDRA: Port data register A
PCRA: Port control register A
n=3t00

FigureB.8 Port A Block Diagram
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B.9 Block Diagram of Port B

PB, D

DEC

Internal
data bus

A/D module

o

n=7t0

FigureB.9 Port B Block Diagram

Rev. 1.00 May 30, 2008 Page 476 of 484
REJ09B0436-0100

RENESAS




Appendix

C. Port Statesin the Different Processing States

TableC.1 Port States Overview

Port Reset Sleep Subsleep Standby Watch Subactive  Active
P1,to  High Retained Retained High Retained Functions Functions
P1, impedance impedance™

P3,to  High Retained Retained High Retained Functions Functions
P3, impedance™ impedance™'

P4,to  High Retained Retained High Retained Functions Functions
P4, impedance impedance

P5,to  High Retained Retained High Retained Functions Functions
P5, impedance impedance™'

P6,to  High Retained Retained High Retained Functions Functions
P6, impedance impedance

P7,to  High Retained Retained High Retained Functions Functions
P7, impedance impedance

P8,to  High Retained Retained High Retained Functions Functions
P8, impedance impedance

PA,to  High Retained Retained High Retained Functions Functions
PA, impedance impedance

PB,to  High High High High High High High

PB, impedance impedance impedance impedance impedance impedance impedance

Notes: 1. High level output when MOS pull-up is in on state.
2. On-chip pull-up MOS turns on for pin P3, only (Flash Memory Version).
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D. List of Product Codes

TableD.1 Product CodeLineup

Package
Product Type Product Code Mark Code (Package Code)
H8/38537 H8/38532 Mask ROM  Regular HD64338532H 38532H 80-pin QFP (FP-80A)
Group versions products HD64338532W 38532W 80-pin TQFP (TFP-80C)
Wide-range  HD64338532HW  38532H 80-pin QFP (FP-80A)
specification -
HD64338532WW  38532W 80-pin TQFP (TFP-80C)
products
H8/38533 Mask ROM  Regular HD64338533H 38533H 80-pin QFP (FP-80A)
versions products HD64338533W 38533W 80-pin TQFP (TFP-80C)
Wide-range  HD64338533HW 38533H 80-pin QFP (FP-80A)
specification " g 1a3ss3awwW  38533W 80-pin TQFP (TFP-80C)
products
H8/38534 Mask ROM  Regular HD64338534H 38534H 80-pin QFP (FP-80A)
versions products HD64338534W 38534W 80-pin TQFP (TFP-80C)
Wide-range  HD64338534HW 38534H 80-pin QFP (FP-80A)
specification “p\ne asgsaaww  38534W 80-pin TQFP (TFP-80C)
products
Flash Regular HD64F38534H F38534H 80-pin QFP (FP-80A)
\’;;er;‘gg products HDB4F38534W F38534W 80-pin TQFP (TFP-80C)
Wide-range  HDB4F38534HW  F38534H 80-pin QFP (FP-80A)
specification " \\re ragssaww  F38534W 80-pin TQFP (TFP-80C)
products
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Package
Product Type Product Code Mark Code (Package Code)
H8/38537 H8/38535 Mask ROM  Regular HD64338535H 38535H 80-pin QFP (FP-80A)
Group versions products HD64338535W  38535W 80-pin TQFP (TFP-80C)
Wide-range  HD64338535HW 38535H 80-pin QFP (FP-80A)
;‘r’fggg:m” HD64338535WW  38535W 80-pin TQFP (TFP-80C)
H8/38536 Mask ROM  Regular HD64338536H 38536H 80-pin QFP (FP-80A)
versions products HD64338536W  38536W 80-pin TQFP (TFP-80C)
Wide-range  HD64338536HW 38536H 80-pin QFP (FP-80A)
;‘r’fggg:m” HD64338536WW  38536W 80-pin TQFP (TFP-80C)
H8/38537 Mask ROM  Regular HD64338537H 38537H 80-pin QFP (FP-80A)
versions products HD64338537W  38537W 80-pin TQFP (TFP-80C)
Wide-range  HD64338537HW 38537H 80-pin QFP (FP-80A)
;‘r’fggg:m” HD64338537WW  38537W 80-pin TQFP (TFP-80C)
Flash Regular HD64F38537H F38537H 80-pin QFP (FP-80A)
o products HD64F38537W  F38537W 80-pin TQFP (TFP-80C)
Wide-range  HD64F38537HW F38537H 80-pin QFP (FP-80A)
specification e/ ragsa7WW  F38537W 80-pin TQFP (TFP-80C)
products
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E. Package Dimensions

Dimensional drawings of the packages FP-80A and TFP-80C are shown in figures E.1 and E.2,
below.

JEITA Package Code | RENESAS Code | Previous Code | MASS[Typ.] |
P-QFP80-14x14-0.65 | PRQP0080JB-A | FP-80A/FP-80AV | 1.2

Ho
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NOTE)
1. DIMENSIONS"*1"AND"*2"
DO NOT INCLUDE MOLD FLASH
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FigureE.1 FP-80A Package Dimensions
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JEITA Package Code [ RENESAS Code | Previous Code | MASS[Typ.] |
P-TQFP80-12x12-0.50 | PTQP0080OKC-A [ TFP-80C/TFP-80CV | 04g |
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60 41
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FigureE.2 TFP-80C Package Dimensions
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