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Notice

All information included in this document 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 Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention 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.

You 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. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

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. You 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 development 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 errors in 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. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application 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 be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for 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 healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

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

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

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

owned subsidiaries.

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

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and Vit (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi (MAX) and
Vi (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Voo or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity as
much as possible, and quickly dissipate it when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up static electricity. Semiconductor devices must be stored and transported in an anti-static
container, static shielding bag or conductive material. All test and measurement tools including work
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, 1/0O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.

Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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Windows and Windows NT are registered trademarks or trademarks of Microsoft Corporation in the United
States and/or other countries.

PC/AT is a trademark of International Business Machines Corporation.

EEPROM is a trademark of NEC Electronics Corporation.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
United States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

¢ The information in this document is current as of September, 2009. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets, etc., for the most up-to-date specifications of NEC Electronics products. Not all products
and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

e No part of this document may be copied or reproduced in any form or by any means without the prior
written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may
appear in this document.

* NEC 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 NEC Electronics products listed in this document
or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

e Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of a customer's equipment shall be done under the full
responsibility of the customer. NEC Electronics assumes no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

e While NEC Electronics endeavors to enhance the quality and safety of NEC Electronics products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. In addition, NEC
Electronics products are not taken measures to prevent radioactive rays in the product design. When customers
use NEC Electronics products with their products, customers shall, on their own responsibility, incorporate
sufficient safety measures such as redundancy, fire-containment and anti-failure features to their products in
order to avoid risks of the damages to property (including public or social property) or injury (including death) to
persons, as the result of defects of NEC Electronics products.

e NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

"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.

"Special": 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, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its
majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).

MB8E0904E
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Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
78KOR/KF3 and design and develop application systems and programs for these de-
vices.
The target products are as follows.
e Conventional-specification products of the 78KOR/KF3:
©PD78F1152, 78F1153, 78F1154, 78F1155, 78F1156
o Expanded-specification products of the 78 KOR/KF3:
uPD78F1152A, 78F1153A, 78F1154A, 78F1155A, 78F1156A
e (A) grade products of the expanded-specification products of the 78KOR/KF3:
1PD78F1152A(A), 78F1153A(A), 78F1154A(A), 78F1155A(A), 78F1156A(A)

This manual is intended to give users an understanding of the functions described in the

Organization below.

The 78KOR/KF3 manual is separated into two parts: this manual and the instructions
edition (common to the 78KO0OR Microcontroller Series).

78KOR/KF3 78KO0R Microcontroller
User’s Manual User’s Manual
(This Manual) Instructions
e Pin functions e CPU functions
¢ Internal block functions o Instruction set
o Interrupts o Explanation of each instruction

Other on-chip peripheral functions

Electrical specifications

It is assumed that the readers of this manual have general knowledge of electrical engi-
neering, logic circuits, and microcontrollers.

e When using this manual as the manual for (A) grade products of the expanded-
specification products of 78 KOR/KF3 microcontrollers:

— Only the electrical specifications and quality grade differ between standard prod-
ucts and (A) grade products. Read the part number for (A) grade products as fol-
lows.

o 1PD78F115yA — puPD78F115yA(A) (y =2 to 6)
e To gain a general understanding of functions:

— Read this manual in the order of the CONTENTS. The mark “<R>" shows major
revised points. The revised points can be easily searched by copying an “<R>" in
the PDF file and specifying it in the “Find what:” field.
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e How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a re-
served word in the RA78KOR, and is defined as an sfr variable using the #pragma
sfr directive in the CC78KO0R.

e To know details of the 78KOR Series instructions:

— Refer to the separate document 78KOR Microcontroller Instructions User’s

Manual (U17792E).

Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representations: xxx (overscore over pin and signal name)
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary - XXXX OF xxxxB
Decimal e XXXX
Hexadecimal ---xxxxH
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
78KOR/KF3 User’'s Manual This manual
78KOR Microcontroller Instructions User's Manual U17792E
78KOR Microcontroller Self Programming Library Type01 User's Manual™® U18706E

Note This document is under engineering management. For details, consult an NEC Electronics sales representative.

Documents Related to Development Tools (Software) (User’s Manuals)

Document Name Document No.
CC78KOR Ver. 2.00 C Compiler Operation U18549E
Language U18548E
RA78KOR Ver. 1.20 Assembler Package Operation U18547E
Language U18546E
SM+ System Simulator Operation U18601E
PM+ Ver. 6.30 U18416E
ID78KOR-QB Ver. 3.20 Integrated Debugger Operation U17839E

Documents Related to Development Tools (Hardware) (User’s Manuals)

Document Name Document No.
QB-MINI2 On-Chip Debug Emulator with Programming Function U18371E
QB-78K0RKX3 In-Circuit Emulator U17866E
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Documents Related to Flash Memory Programming

Document Name Document No.
PG-FP4 Flash Memory Programmer User's Manual U15260E
PG-FP5 Flash Memory Programmer U18865E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.

Other Documents

Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE - Products and Packages — X13769X
Semiconductor Device Mount Manual Note
Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

Note See the “Semiconductor Device Mount Manual” website (http://www.necel.com/pkg/en/mount/index.html).

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.
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CHAPTER 1 OUTLINE

1.1 Differences Between Conventional-Specification Products (uPD78F115x) and Expanded-

Specification Products (xPD78F115xA)

This manual describes the functions of the 78KOR/KF3 microcontroller products with conventional specifications
(#«PD78F115x) and expanded specifications (#PD78F115xA).
The differences between the conventional-specification products (#PD78F115x) and expanded-specification
products («PD78F115xA) of the 78KOR/KF3 microcontrollers are described below.

frequency range of
conversion clock (fap)
in A/D converter
(support of low-speed
conversion time)

of the A/D converter mode
register (ADM) are setto 0

fao= 0.6 to 3.6 MHz

fao=0.33 to 3.6 MHz

2.7V <AVrero <4.0V
fao= 0.6 to 1.8 MHz

2.7V <AVrero < 4.0V
fao=0.33t0 1.8 MHz

Item Conditions Conventional- Expanded- Reference in This
Specification Specification Manual
Products Products

Temperature sensor Channel 0 and channel 1 of None Available 10.5 Temperature

function the A/D converter are used. Sensor Function
Internal high-speed
oscillator operating

Expansion of When the LV1 and LVO bits | 4.0V <AVrero <55V | 4.0V <AVrero<55V | 10.3 (2) A/D converter

mode register (ADM)

Improvement of A/D Overall error when 2.7 V < - Improved CHAPTER 28
converter conversion AVRrero < 4.0V ELECTRICAL
accuracy Zero-scale error, full-scale SPECIFICATIONS
error, integral linearity (STANDARD
error, and differential PRODUCTS), A/D
linearity error when 2.3 V < Converter
AVRero < 4.0V Characteristics
Number of rewrites Used for updating 100 1000 CHAPTER 28
programs ELECTRICAL
When using flash memory SPECIFICATIONS
programmer and NEC (STANDARD
Electronics self PRODUCTS), Flash
programming library Memory Programming
Expansion of Used for updating data. 3 years 5 years Characteristics
EEPROM™ emulation | When EEPROM emulation
data retention period library provided by NEC
Electronics is used (usable
ROM size: 6 KB, which
consists of 3 consecutive
blocks)
Expansion of operating | 1.8 V <Vop <2.7 V, during Not supported Supported CHAPTER 28
voltage in simplified I°C | communication at same ELECTRICAL
mode (serial array unit) | potential SPECIFICATIONS
(STANDARD
PRODUCTS), Serial
Interface, (d) During
communication at same
potential (simplified 1°C
mode)
Support for (A) grade - Not supported Supported CHAPTER 29
product specifications ELECTRICAL

SPECIFICATIONS ((A)
GRADE PRODUCTS)
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CHAPTER 1 OUTLINE

1.2 Features

O Minimum instruction execution time can be changed from high speed (0.05 us: @ 20 MHz operation with high-
speed system clock) to ultra low-speed (61 us: @ 32.768 kHz operation with subsystem clock)

O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

O ROM, RAM capacities

Iltem Program Memory Data Memory
Part Number (ROM) (RAM)
uPD78F1152 Flash memory 64 KB 4 KB
HPD78F1152A
4PD78F1153 96 KB 6 KB
uPD78F1153A
4PD78F1154 128 KB 8 KB
uPD78F1154A
uPD78F1155 192 KB 10 KB
4PD78F1155A
uPD78F1156 256 KB 12 KB
4PD78F1156A

O On-chip single-power-supply flash memory (with prohibition of chip erase/block erase/writing function)
O Self-programming (with boot swap function/flash shield window function)

O On-chip debug function

O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)

O On-chip watchdog timer (operable with the on-chip internal low-speed oscillation clock)
O On-chip multiplier (16 bits x 16 bits)

O On-chip key interrupt function

O On-chip clock output/buzzer output controller

O On-chip BCD adjustment

O 1/0 ports: 70 (N-ch open drain: 4)

O Timer: 10 channels

e 16-bit timer: 8 channels
o Watchdog timer: 1 channel
¢ Real-time counter: 1 channel

O Serial interface

e CSI: 2 channels/UART: 1 channel
CSI: 1 channel/UART: 1 channel/simplified I°C: 1 channel
CSI: 1 channel/UART: 1 channel/simplified I°C: 1 channel
UART (LIN-bus supported): 1 channel

e I’C: 1 channel
O 10-bit resolution A/D converter (AVrero = 2.3 to 5.5 V): 8 channels
O 8-bit resolution D/A converter (AVrer1 = 1.8 t0 5.5 V): 2 channels
O Power supply voltage: Vob=1.8t05.5V

O Operating ambient temperature: Ta= —40 to +85°C
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1.3 Applications

O Home appliances
e Laser printer motors
o Clothes washers
e Air conditioners
o Refrigerators
O Home audio systems

O Digital cameras, digital video cameras

1.4 Ordering Information

¢ Flash memory version (lead-free products)

Part Number

Package

Quality Grade

1PD78F1152GC-GAD-AX
1PD78F1152AGC-GAD-AX
1PD78F1153GC-GAD-AX
1PD78F1153AGC-GAD-AX
1PD78F1154GC-GAD-AX
1PD78F1154AGC-GAD-AX
1PD78F1155GC-GAD-AX
1PD78F1155AGC-GAD-AX
1PD78F1156GC-GAD-AX
1PD78F1156AGC-GAD-AX
1PD78F1152AGC(A)-GAD-AX
1PD78F1153AGC(A)-GAD-AX
1PD78F1154AGC(A)-GAD-AX
1PD78F1155AGC(A)-GAD-AX
1PD78F1156AGC(A)-GAD-AX
1PD78F1152GK-GAK-AX
1PD78F1152AGK-GAK-AX
1PD78F1153GK-GAK-AX
1PD78F1153AGK-GAK-AX
1PD78F1154GK-GAK-AX
1PD78F1154AGK-GAK-AX
4PD78F1155GK-GAK-AX
1PD78F1155AGK-GAK-AX
1PD78F1156GK-GAK-AX
1PD78F1156AGK-GAK-AX
1PD78F1152AGK(A)-GAK-AX
1PD78F1153AGK(A)-GAK-AX
1PD78F1154AGK(A)-GAK-AX
1PD78F1155AGK(A)-GAK-AX
1PD78F1156AGK(A)-GAK-AX

80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (14 x 14)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)
80-pin plastic LQFP (fine pitch) (12 x 12)

Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Special
Special
Special
Special
Special
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Special
Special
Special
Special
Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and its

recommended applications.
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CHAPTER 1 OUTLINE

1.5 Pin Configuration (Top View)

o 80-pin plastic LQFP (14 x 14)
e 80-pin plastic LQFP (fine pitch) (12 x 12)

O N~ 8 o
Eeod b5
zzY50 % =
33985 s5£3
S5SFEQ <@
BRYSSK o5&
oOo0lNODo oo x-Sk S-S Lon~
n.n.cnco(np:QoO:o zzzzzzZz=zZz=
StAdoIwEEQAN o L LTI I IIILL
T T T T T AT O T ANDODT OO - NI IO O~
T rmrrrrmrrmr O 0000~ AN ANANANANANANAN
[ N n Y o I o Yo IR o Y WY o WY Y o T Yo I MY o Y o Y o MY o T MY o MY o
807978 77767574 7372 7170 69 68 67 66 656463 62 61
P120iNTPOEXLVI O—~{1 () 60 AVss
P47 O=——2 59 AVReFo
P46 O=~—3 58 P111/ANO1
P45/S001 O~—~{4 57 P110/ANOO
P44/S101 O 5 56 AVREF1
P43/SCK01 O 6 55 P90
P42/T104/TO04 O=—=7 54 P10/SCKO00
P41/TOOL1 O 8 53 P11/S100/RxD0
P40/TOOLO O=—={9 52 P12/SO00/TxD0
RESET O—— 10 51 P13/TxD3
P124/XT2 O——{ 11 50 P14/RxD3
P123/XT1 O———{ 12 49 P15/RTCDIV/RTCCL
FLMDO O——]13 48 P16/T101/TO01/INTP5
P122/X2/EXCLK O—{ 14 47 P17/T102/TO02
P121/X1 O——{ 15 46 P55
REGC O—— 16 45 P54
Vss O———17 44 P53
EVss O—— 18 43 P52
Voo O——— 19 42 P51/INTP2
EVoo O—20 41 P50/INTP1
212223 24 25 2627 2829 30 31 32 33 34 35 3637 38 39 40
S288rg8esrogeegce8sy
O QL0000 EFEEYYYXYY OOF
@9 Z EEZZEN?B':':O
S > __qu\nrxlxcoml—
© © o Roeropgldonoood
oo o] LYY EED
S £25 3 23t
o [N ooz
|: o o g
» o
o
Cautions 1. Make AVss the same potential as EVss and Vss.

2. Make EVop the same potential as Vob.

3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

4. P20/ANIO to P27/ANI7 are set as analog inputs in the order of P27/ANI7, P26/ANI6..., P20/ANIO
by the A/D port configuration register (ADPC). When using P20/ANIO to P27/ANI7 as analog
inputs, start designing from P27/ANI7 (see 10.3 (6) A/D port configuration register (ADPC) for
details).
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Pin Identification

ANIO to ANI7:
ANOO, ANO1:
AVReFo, AVREF1:
AVss :

EVbb:

EVss:

EXCLK:

EXLVI:

FLMDO:
INTPO to INTP11:
KRO to KR7:
P00 to P06:
P10 to P17:
P20 to P27:
P30, P31:
P40 to P47:
P50 to P55:
P60 to P67:
P70 to P77:
P90:

P110, P111:
P120 to P124:
P130:

P140 to P145:

PCLBUZ0, PCLBUZ1:

Analog input

Analog output

Analog reference voltage

Analog ground
Power supply for port
Ground for port

External clock input
(main system clock)

External potential input
for low-voltage detector

Flash programming mode

External interrupt input
Key return
Port 0
Port 1

Port 2
Port 3
Port 4
Port 5
Port 6
Port 7
Port 9
Port 11
Port 12
Port 13
Port 14

Programmable clock output/

buzzer output

REGC:
RESET:
RTC1HZ:

RTCCL:

RTCDIV:

RxDO0 to RxD3:
SCKO00, SCKOf1,
SCK10, SCK20:
SCLO, SCL10, SCL20:
SDAO, SDA10, SDA20:
Sl00, Slo1,

SI10, SI20:

S0O00, SO01,

S0O10, SO20:

TIOO to TIO7:

TOO00 to TOO7:
TOOLO:

TOOLA1:

TxDO to TxD3:

Vob:

Vss:

X1, X2:

XT1, XT2:

User's Manual U17893EJ8VOUD

Regulator capacitance
Reset

Real-time counter correction clock
(1 Hz) output

Real-time counter clock (32 kHz
original oscillation) output

Real-time counter clock (32 kHz
divided frequency) output

Receive data

Serial clock input/output
Serial clock input/output

Serial data input/output

Serial data input

Serial data output

Timer input

Timer output

Data input/output for tool
Clock output for tool
Transmit data

Power supply

Ground

Crystal oscillator (main system
clock)

Crystal oscillator (subsystem
clock)
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1.6 78KO0R/Kx3 Microcontroller Lineup

ROM RAM 78KOR/KE3 78KOR/KF3 78KOR/KG3 78KOR/KH3 78KOR/KJ3
64 Pins 80 Pins 100 Pins 128 Pins 144 Pins
512 KB | 30 KB - - 4PD78F1168 uPD78F1178 uPD78F1188A
HPD78F1168A uPD78F1178A
384 KB | 24 KB - - uPD78F1167 uPD78F1177 uPD78F1187A
HPD78F1167A uPD78F1177A
256 KB | 12 KB uPD78F1146 uPD78F1156 HPD78F1166 uPD78F1176 uPD78F1186A
uPD78F1146A uPD78F1156A 1PD78F1166A uPD78F1176A
192KB | 10KB uPD78F1145 uPD78F1155 HPD78F1165 uPD78F1175 uPD78F1185A
uPD78F1145A uPD78F1155A uPD78F1165A uPD78F1175A
128 KB | 8KB uPD78F1144 uPD78F1154 HPD78F1164 uPD78F1174 1PD78F1184A
uPD78F1144A uPD78F1154A HPD78F1164A uPD78F1174A
96 KB | 6KB uPD78F1143 uPD78F1153 4PD78F1163 - -
uPD78F1143A uPD78F1153A HPD78F1163A
64 KB 4 KB uPD78F1142 uPD78F1152 uPD78F1162 - -
uPD78F1142A uPD78F1152A HPD78F1162A
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1.7 Block Diagram

TIO0/PO0 —
TOO00/PO1 =—

TI01/TO01/P16 ~—1*

TI02/TO02/P17 ~—*

TIO3/TO03/P31 ~—~

TI04/TO04/P42 ~—1=

TI05/TO05/P05 ~——

TI06/TO06/P06 ~——

TIO7/TO07/P145 ~—1

TIMER ARRAY
UNIT (8ch)

ch0

ch

ch2

ch3

ch4

ch5

ch

I

{

RXD3/P14 (LINSEL) —}~] cn7
LOW-SPEED
INTERNAL
OSCILLATOR
¥
WINDOW
WATGHDOG
TIMER
RTCDIV/RTCCL/P15
REALTIME COUNTER
RTC1HZ/P30 ~—
SERIAL ARRAY
UNITO (4ch)
Moara || v ]
TXDO/P12 ~—]
Tovros — || wem |
TXD1/P02 ~—] UART1
SCKO0/P10
SI00/P11 csl0o
S000/P12
SCK01/P43 —1]
SI01/P44 cslot
S001/P45
SCK10/P04
SHO/PO3 csio
SO10/P02
SCL10/P04 —

SDA10/P03 ~—]

lIC10

UART2

SERIAL ARRAY
UNIT1 (4ch)
SCK20/P142 ~—~1
S120/P143 CSI20
S020/P144 =~
Sonsoras ]
SDA20/P143 «—

TxD2/P144 «—

RxD3/P14
TxD3/P13

UART3

SDAO0/P61 ~—n
SCLO/P60 ~—=
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CHAPTER 1 OUTLINE

1.8 Outline of Functions
(1/2)
ltem uPD78F1152, uPD78F1153, uPD78F1154, uPD78F1155, uPD78F1156,
4PD78F1152A | uPD78F1153A | u4PD78F1154A | 4PD78F1155A | pPD78F1156A
Internal Flash memory 64 KB 96 KB 128 KB 192 KB 256 KB
memory (self-programming
supported)
RAM 4 KB 6 KB 8 KB 10 KB 12 KB
Memory space 1 MB

Main system
clock

High-speed system
clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
21020 MHz: Voo =2.7t05.5V,21t0 5 MHz: Voo =1.8t0 5.5V

(Oscillation
frequency)

Internal high-speed
oscillation clock

Internal oscillation
8 MHz (TYP.): Voo =1.81t0 5.5V

Subsystem clock
(Oscillation frequency)

XT1 (crystal) oscillation
32.768 kHz (TYP.): Vop=1.8t0 5.5V

(For WDT)

Internal low-speed oscillation clock

Internal oscillation
240 kHz (TYP.): Voo =1.8t0 5.5V

General-purpose register

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time

0.05 s (High-speed system clock: fux = 20 MHz operation)

0.125 us (Internal high-speed oscillation clock: fin = 8 MHz (TYP.) operation)

61 us (Subsystem clock: fsus = 32.768 kHz operation)

Instruction set

e 8-bit operation, 16-bit operation
o Multiply (8 bits x 8 bits)
« Bit manipulation (Set, reset, test, and Boolean operation), etc.

1/0 port Total: 70
CMOS 1/0: 61
CMOS input: 4
CMOS output: 1
N-ch open-drain I/O (6 V tolerance): 4

Timer e 16-bit timer: 8 channels
e Watchdog timer: 1 channel
e Real-time counter: 1 channel

Timer outputs

8 (PWM output: 7)

RTC outputs

2

1 Hz (Subsystem clock: fsus = 32.768 kHz)
512 Hz or 16.384 kHz or 32.768 kHz (Subsystem clock: fsus = 32.768 kHz)

Clock output/buzzer output

2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz

(peripheral hardware clock: fuan = 20 MHz operation)

256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)

A/D converter

10-bit resolution x 8 channels (AVrero = 2.3 0 5.5 V)

D/A converter

8-bit resolution x 2 channels (AVrer1 = 1.8 t0 5.5 V)

24
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(2/2)
ltem 4PD78F1152, | ,PD78F1153, | uPD78F1154, | uPD78F1155, | uPD78F1156,
uPD78F1152A | 4PD78F1153A | uPD78F1154A | uPD78F1155A | uPD78F1156A

Serial interface

e UART supporting LIN-bus: 1 channel

e CSI: 2 channels/UART: 1 channel

e CSI: 1 channel/UART: 1 channel/simplified I’C: 1 channel
e CSI: 1 channel/UART: 1 channel/simplified I’C: 1 channel

¢ I°C bus: 1 channel

Multiplier 16 bits x 16 bits = 32 bits
DMA controller 2 channels

Vectored interrupt | Internal 28

sources External 13

Key interrupt

Key interrupt (INTKR) occurs by detecting falling edge of the key input pins (KRO to KR7).

Reset

e Reset by RESET pin

¢ Internal reset by watchdog timer

o Internal reset by power-on-clear

» Internal reset by low-voltage detector

» Internal reset by illegal instruction execution

Note

On-chip debug function

Provided

Power supply voltage

Voo=1.8t055V

Operating ambient temperature

Ta=-40t0 +85°C

Package 80-pin plastic LQFP (14 x 14) (0.65 mm pitch)
80-pin plastic LQFP (fine pitch) (12 x 12) (0.5 mm pitch)
Note  The illegal instruction is generated when instruction code FFH is executed.

Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip

debug emulator.
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2.1 Pin Function List

There are four types of pin I/O buffer power supplies: AVRrero, AVRer1, EVop, and Vop. The relationship between
these power supplies and the pins is shown below.

Table 2-1. Pin I/0 Buffer Power Supplies

Power Supply Corresponding Pins
AVReFo P20 to P27
AVREeF1 P110, P111
EVoo e Port pins other than P20 to P27, P110, P111, and P121 to P124
e RESET pin and FLMDO pin
Vop e P121 to P124
e Pins other than port pins (except RESET pin and FLMDO pin )
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CHAPTER 2 PIN FUNCTIONS

(1) Port functions (1/2)

Function Name /0 Function After Reset Alternate Function

P00 110 Port 0. Input port TIOO

o2 Input of PO3 and P04 can be set to TTL input buffer. SO10/TxD1
Output of P02 to P04 can be set to N-ch open-drain output X

P03 (Voo tolerance). SI10/RxD1/SDA10

P04 Input/output can be specified in 1-bit units. SCK10/SCL10

P05 Use of an on.-ch|p pull-up resistor can be specified by a T105/TO05
software setting.

P06 TI06/TO06

P10 110 Port 1. Input port SCKO00

P11 8-bit I/O port. SI100/RxDO0
Input/output can be specified in 1-bit units.

P12 . . - SO00/TxD0
Use of an on-chip pull-up resistor can be specified by a

P13 software setting. TxD3

P14 RxD3

P15 RTCDIV/RTCCL

P16 TIO1/TOO01/INTP5

P17 TI02/TO02

P20 to P27 /0 Port 2. Digital input | ANIO to ANI7
8-bit I/0 port. port
Input/output can be specified in 1-bit units.

P30 110 Port 3. Input port RTC1HZ/INTP3
2-bit I/0 port.
Input/output can be specified in 1-bit units.

P31 Use of an on-chip pull-up resistor can be specified by a TIO3/TOO3/INTP4
software setting.

P4Q™* 1/10 Port 4. Input port TOOLO

P41 8-bit 1/0 port. TOOLA1

a2 Input of P43 and P44 can be set to TTL input buffer. T104/T004
Output of P43 and P45 can be set to N-ch open-drain output 0 0

P43 (Voo tolerance). SCKO1

P44 Input/output can be specified in 1-bit units. S101

P45 Use of an on'-chlp pull-up resistor can be specified by a S001
software setting.

P46 -

P47 -

P50 1/0 Port 5. Input port INTP1

b Input/output can be specified in 1-bit units.

52 Use of an on-chip pull-up resistor can be specified by a _

P53 software setting. -

P54 -

P55 -

Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally

(see Caution in 2.2.5 P40 to P47 (port 4)).
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(1) Port functions (2/2)

Function Name /0 Function After Reset Alternate Function
P60 110 Port 6. Input port SCLO
Output of P60 to P63 can be set to N-ch open-drain output (6
P62 -
V tolerance).
P63 Input/output can be specified in 1-bit units. -
P64 For only P64 to P67, use of an on-chip pull-up resistor can be _
P65 specified by a software setting. ~
P66 -
P67 _
P70 to P73 1/0 Port 7. Input port KRO to KR3
8-bit I/O port.
Input/output can be specified in 1-bit units.
P74 to P77 . . - KR4/INTP8 to
Use of an on-chip pull-up resistor can be specified by a
. KR7/INTP11
software setting.
P90 110 Port 9. Input port -
1-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P110 1/0 Port 11. Input port ANOO
2-bit 1/0 port.
P11 Input/output can be specified in 1-bit units. ANOT
P120 110 Port 12. Input port INTPO/EXLVI
P121 Input 1-bit I/O port and 4-bit input port. X1
For only P120, use of an on-chip pull-up resistor can be
P122 - . X2/EXCLK
specified by a software setting.
P123 XT1
P124 XT2
P130 Output | Port 13. Output port -
1-bit output port.
P140 110 Port 14. Input port PCLBUZ0/INTP6
P141 6-bit I/0 port. PCLBUZ1/INTP7
b Input of P142 and P143 can be set to TTL input buffer. SCKZ0/SOL
142 Output of P142 to P144 can be set to the N-ch open-drain SCK20/SCL20
P143 output (Voo tolerance). SI120/RxD2/SDA20
P144 Input/output can be specified in 1-bit units. S020/TxD2
P145 Use of an on'-chlp pull-up resistor can be specified by a TI07/TO07
software setting.
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(2) Non-port functions (1/3)

Function Name I/0 Function After Reset Alternate Function
ANIO to ANI7 | Input A/D converter analog input Digital input| P20 to P27
port

ANOO Output | D/A converter analog output Input port P110
ANO1 Output | D/A converter analog output Input port | P111
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
INTPO Input External interrupt request input for which the valid edge (rising Input port P120/EXLVI
INTP1 edge, falling edge, or both rising and falling edges) can be P50

specified
INTP2 P51
INTP3 P30/RTC1HZ
INTP4 P31/T103/TO03
INTP5 P16/T101/TOO01
INTP6 P140/PCLBUZ0
INTP7 P141/PCLBUZ1
INTP8 P74/KR4 to P77/KR7
INTP9
INTP10
INTP11
KRO to KR3 Input Key interrupt input Input port P70 to P73
KR4 to KR7 P74/INTP8 to

P77/INTP11

PCLBUZ0 Output | Clock output/buzzer output Input port | P140/INTP6
PCLBUZA1 P141/INTP7
REGC - Connecting regulator output (2.5 V) stabilization capacitance for - -

internal operation.

Connect to Vss via a capacitor (0.47 to 1 uF).
RTCDIV Output | Real-time counter clock (32 kHz divided frequency) output Input port | P15/RTCCL
RTCCL Output | Real-time counter clock (32 kHz original oscillation) output Input port P15/RTCDIV
RTC1HZ Qutput | Real-time counter correction clock (1 Hz) output Input port P30/INTP3
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port P11/S100
RxD1 Input Serial data input to UART1 Input port | PO3/SI10/SDA10
RxD2 Input Serial data input to UART2 Input port | P143/SI20/SDA20
RxD3 Input Serial data input to UART3 Input port | P14
SCKO00 /0 Clock input/output for CSI00, CSI01, CSI10, and CSI20 Input port | P10
SCKO1 P43
SCK10 P04/SCL10
SCK20 P142/SCL20
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(2) Non-port functions (2/3)

Function Name I/0 Function After Reset Alternate Function
SCLO I/0 Clock input/output for I°C Input port P60
SCL10 /0 Clock input/output for simplified I°C Input port | PO4/SCK10
SCL20 I/0 Clock input/output for simplified I°C Input port | P142/SCK20
SDAO I/0 Serial data I/O for I’C Input port P61
SDA10 Serial data 1/O for simplified I°C Input port [ PO3/SI10/RxD1
SDA20 Serial data 1/O for simplified I°C Input port | P143/SI20/RxD2
SI00 Input Serial data input to CSI00, CSI01, CSI10, and CSI20 Input port P11/RxD0
Slo1 P44
S0 P03/RxD1/SDA10
SI20 P143/RxD2/SDA20
SO00 Output | Serial data output from CSI00, CSI01, CSI10, and CSI20 Input port | P12/TxD0
SO01 P45
SO10 P02/TxD1
S020 P144/TxD2
TIOO Input External count clock input to 16-bit timer 00 Input port P0OO
TIO1 External count clock input to 16-bit timer 01 P16/TO01/INTP5
TIO2 External count clock input to 16-bit timer 02 P17/TO02
TIO3 External count clock input to 16-bit timer 03 P31/TO03/INTP4
TI0O4 External count clock input to 16-bit timer 04 P42/TO04
TIO5 External count clock input to 16-bit timer 05 P05/TO05
TI06 External count clock input to 16-bit timer 06 P06/TO06
TIO7 External count clock input to 16-bit timer 07 P145/TO07
TOO00 Qutput | 16-bit timer 00 output Input port PO1
TOO1 16-bit timer 01 output P16/TI01/INTP5
TO02 16-bit timer 02 output P17/T102
TOO03 16-bit timer 03 output P31/TI03/INTP4
TOO04 16-bit timer 04 output P42/T104
TOO05 16-bit timer 05 output PO5/TI105
TOO06 16-bit timer 06 output PO6/TI06
TOO07 16-bit timer 07 output P145/T107
TxDO Qutput | Serial data output from UARTO Input port P12/SO00
TxD1 Output | Serial data output from UART1 Input port | P02/SO10
TxD2 Output | Serial data output from UART2 Input port | P144/S0O20
TxD3 Qutput | Serial data output from UART3 Input port P13
X1 - Resonator connection for main system clock Input port P121
X2 - Input port P122/EXCLK
EXCLK Input External clock input for main system clock Input port P122/X2
XT1 - Resonator connection for subsystem clock Input port P123
XT2 - Input port P124
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(2) Non-port functions (3/3)

Function Name /0 Function After Reset Alternate Function

Vob - Positive power supply (P121 to P124 and other than ports - -
(excluding RESET and FLMDO pins))

EVop - Positive power supply for ports (other than P20 to P27, P110, - -
P111 and P121 to P124) and RESET and FLMDO pins

AVrero - e A/D converter reference voltage input - -
e Positive power supply for P20 to P27 and A/D converter

AVRer1 - o D/A converter reference voltage input - -
e Positive power supply for P110, P111, and D/A converter

Vss - Ground potential (P121 to P124 and other than ports (excluding - -
RESET and FLMDO pins))

EVss - Ground potential for ports (other than P20 to P27, P110, P111 - -
and P121 to P124) and RESET and FLMDO pins

AVss - Ground potential for A/D converter, D/A converter, P20 to P27, - -
P110, and P111

FLMDO - Flash memory programming mode setting - -

TOOLO 1/0 Data I/O for flash memory programmer/debugger Input port | P40

TOOL1 Output | Clock output for debugger Input port | P41
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2.2 Description of Pin Functions

2.2.1 P00 to P06 (port 0)

P00 to P06 function as a 7-bit 1/0O port. These pins also function as timer I/O, serial interface data 1/0, and clock
I/0.

Input to the PO3 and P04 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units,
using port input mode register 0 (PIMO).

Output from the P02 to P04 pins can be specified as normal CMOS output or N-ch open-drain output (Vbp
tolerance) in 1-bit units, using port output mode register 0 (POMO).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P00 to P06 function as a 7-bit I/O port. P00 to P06 can be set to input or output port in 1-bit units using port
mode register 0 (PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0
(PUO).

(2) Control mode
P00 to P06 function as timer 1/O, serial interface data 1/0, and clock 1/0.

(a) TIOO, TIO5, TIO6
These are the pin for inputting an external count clock/capture trigger to 16-bit timer 00, 05, and 06.

(b) TOO00, TOO05, TO06
These are the timer output pin of 16-bit timer 00, 05, and 06.

(c) Si10
This is a serial data input pin of serial interface CSI10.

(d) so10
This is a serial data output pin of serial interface CSI10.

(e) SCK10
This is a serial clock 1/O pin of serial interface CSI10.

(f) TxD1
This is a serial data output pin of serial interface UART1.

(g) RxD1
This is a serial data input pin of serial interface UART1.

(h) SDA10
This is a serial data 1/O pin of serial interface for simplified I°C.

(i) ScL10
This is a serial clock 1/O pin of serial interface for simplified I°C.
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Caution To use P02/SO10/TxD1 and P04/SCK10/SCL10 as general-purpose ports, set serial
communication operation setting register 02 (SCR02) to the default status (0087H). In
addition, clear port output mode register 0 (POMO) to 00H.

2.2.2 P10 to P17 (port 1)

P10 to P17 function as an 8-bit I/O port. These pins also function as external interrupt request input, serial
interface data I/O, clock 1/O, timer 1/O, and real-time counter clock output.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P10 to P17 function as an 8-bit I/O port. P10 to P17 can be set to input or output port in 1-bit units using port
mode register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1
(PU1).

(2) Control mode

P10 to P17 function as external interrupt request input, serial interface data I/O, clock I/O, timer I/O, and real-time
counter clock output.

(a) Sloo
This is a serial data input pin of serial interface CSI00.

(b) Soo00
This is a serial data output pin of serial interface CSIO0O.

(c) SCKO00
This is a serial clock 1/0 pin of serial interface CSI00.

(d) RxDO
This is a serial data input pin of serial interface UARTO.

(e) RxD3
This is a serial data input pin of serial interface UART3.

(f) TxDO
This is a serial data output pin of serial interface UARTO.

(g) TxD3
This is a serial data output pin of serial interface UARTS3.

(h) TIo1, TI02
These are the pins for inputting an external count clock/capture trigger to 16-bit timers 01 and 02.
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(i) TOO01, TO02
These are the timer output pins of 16-bit timers 01 and 02.

(j) INTP5
This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising
and falling edges) can be specified.

(k) RTCDIV
This is a real-time counter clock (32 kHz, divided) output pin.

() RTCCL
This is a real-time counter clock (32 kHz, original oscillation) output pin.

Cautions 1. To use P10/SCK00 and P12/SO00/TxDO as general-purpose ports, set serial
communication operation setting register 00 (SCR00) to the default status (0087H).
2. Do not enable outputting RTCCL and RTCDIV at the same time.

2.2.3 P20 to P27 (port 2)
P20 to P27 function as an 8-bit I/O port. These pins also function as A/D converter analog input.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P20 to P27 function as an 8-bit I/O port. P20 to P27 can be set to input or output port in 1-bit units using port
mode register 2 (PM2).

(2) Control mode
P20 to P27 function as A/D converter analog input pins (ANIO to ANI7). When using these pins as analog input
pins, see 10.7 (6) ANIO/P20 to ANI7/P27.

Caution ANIO/P20 to ANI7/P27 are set in the digital input (general-purpose port) mode after release of
reset.

2.2.4 P30, P31 (port 3)

P30 and P31 function as a 2-bit I/O port. These pins also function as external interrupt request input, timer 1/O,
and real-time counter correction clock output.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P30 and P31 function as a 2-bit I/O port. P30 and P31 can be set to input or output port in 1-bit units using port
mode register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3
(PUS3).
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(2) Control mode
P30 and P31 function as external interrupt request input, timer I/O, and real-time counter correction clock output.

(a) INTP3, INTP4
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) TIO3
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 03.

(c) TOO3
This is a timer output pin from 16-bit timer 03.

(d) RTC1HZ
This is a real-time counter correction clock (1 Hz) output pin.

2.2.5 P40 to P47 (port 4)

P40 to P47 function as an 8-bit I/O port. These pins also function as serial interface data I/O, clock 1/O, data 1/O for
a flash memory programmer/debugger, clock output, and timer I/O.

Input to the P43 and P44 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 4 (PIM4).

Output from the P43 and P45 pins can be specified as normal CMOS output or N-ch open-drain output (Vbp
tolerance) in 1-bit units using port output mode register 4 (POM4).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P40 to P47 function as an 8-bit I1/0 port. P40 to P47 can be set to input or output port in 1-bit units using port
mode register 4 (PM4). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4
(PU4).
Be sure to connect an external pull-up resistor to P40 when on-chip debugging is enabled (by using an option
byte).

(2) Control mode
P40 to P45 function as serial interface data 1/O, clock I/O, data I/O for a flash memory programmer/debugger,
clock output, and timer I/O.

(a) TOOLO

This is a data I/O pin for a flash memory programmer/debugger.
Be sure to pull up this pin externally when on-chip debugging is enabled (pulling it down is prohibited).
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(b) TOOL1
This is a clock output pin for a debugger.
When the on-chip debug function is used, P41/TOOL1 pin can be used as follows by the mode setting on the
debugger.
1-line mode: can be used as a port (P41).
2-line mode: used as a TOOL1 pin and cannot be used as a port (P41).

(c) Tio4
This is a pin for inputting an external count clock/capture trigger to 16-bit timers 04.

(d) TOO04
This is a timer output pins from 16-bit timers 04.

(e) SCKo1
This is a serial clock 1/O pin of serial interface CSIO1.

(f) slo1
This is a serial data input pin of serial interface CSIO1.

(g) SoOo1
This is a serial data output pin of serial interface CSI01.

Caution The function of the P40/TOOLO pin varies as described in (a) to (c) below.
In the case of (b) or (c), make the specified connection.

(a) In normal operation mode and when on-chip debugging is disabled (OCDENSET = 0) by
an option byte (000C3H)
=> Use this pin as a port pin (P40).
(b) In normal operation mode and when on-chip debugging is enabled (OCDENSET = 1) by
an option byte (000C3H)
=> Connect this pin to EVop via an external resistor, and always input a high level to
the pin before reset release.
(c) When on-chip debug function is used, or in write mode of flash memory programmer
=> Use this pin as TOOLO.
Directly connect this pin to the on-chip debug emulator or a flash memory
programmer, or pull it up by connecting it to EVop via an external resistor.

2.2.6 P50 to P55 (port 5)

1

36

P50 to P55 function as a 6-bit I/O port. These pins also function as external interrupt request input.
The following operation modes can be specified in 1-bit units.

Port mode

P50 to P55 function as a 6-bit I/O port. P50 to P55 can be set to input or output port in 1-bit units using port
mode register 5 (PM5). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 5
(PU5).
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(2) Control mode
P50, P51 function as external interrupt request input.

(a) INTP1, INTP2
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

2.2.7 P60 to P67 (port 6)
P60 to P67 function as an 8-bit I/O port. These pins also function as serial interface data 1/0 and clock I/O.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P60 to P67 function as an 8-bit I/0 port. P60 to P67 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6). Only for P64 to P67, use of an on-chip pull-up resistor can be specified by pull-up resistor
option register 6 (PUB).
Output of P60 to P63 is N-ch open-drain output (6 V tolerance).

(2) Control mode
P60, P61 function as serial interface data 1/0 and clock I/O.

(a) SDAO
This is a serial data I/O pin of serial interface 11CO.

(b) SCLO
This is a serial clock 1/0O pin of serial interface ICO.

2.2.8 P70 to P77 (port 7)

P70 to P77 function as an 8-bit I/O port. These pins also function as key interrupt input and external interrupt
request input.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P70 to P77 function as an 8-bit /0 port. P70 to P77 can be set to input or output port in 1-bit units using port
mode register 7 (PM7). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 7
(PU7).

(2) Control mode
P70 to P77 function as key interrupt input and external interrupt request input.

(a) KRO to KR7
These are the key interrupt input pins

(b) INTPS to INTP11

These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.
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2.2.9 P90 (port 9)
P90 function as an 1-bit I/O port.
The port mode can be specified in 1-bit units.

(1) Port mode
P90 function as an 1-bit I/O port. P90 can be set to input or output port in 1-bit units using port mode register 9
(PM9). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 9 (PU9).

2.2.10 P110, P111 (port 11)
P110 and P111 function as a 2-bit I/O port. These pins also function as D/A converter analog output.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P110 and P111 function as a 2-bit I/0 port. P110 and P111 can be set to input or output port in 1-bit units using
port mode register 11 (PM11).

(2) Control mode
P110 and P111 function as D/A converter analog output pins (ANOO, ANO1). When using these pins as analog
input pins, see 11.4.3 Cautions.

2.2.11 P120 to P124 (port 12)

P120 functions as a 1-bit /0O port. P121 to P124 function as a 4-bit input port. These pins also function as external
interrupt request input, potential input for external low-voltage detection, connecting resonator for main system clock,
connecting resonator for subsystem clock, and external clock input for main system clock.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P120 functions as a 1-bit I/O port. P120 can be set to input or output port using port mode register 12 (PM12).
Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 12 (PU12).
P121 to P124 function as a 4-bit input port.

(2) Control mode
P120 to P124 function as external interrupt request input, potential input for external low-voltage detection,
connecting resonator for main system clock, connecting resonator for subsystem clock, and external clock input
for main system clock.

(a) INTPO
This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising
and falling edges) can be specified.

(b) EXLVI
This is a potential input pin for external low-voltage detection.

(c) X1,X2
These are the pins for connecting a resonator for main system clock.

(d) EXCLK
This is an external clock input pin for main system clock.
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(e) XT1, XT2
These are the pins for connecting a resonator for subsystem clock.

2.2.12 P130 (port 13)
P130 functions as a 1-bit output port.

Remark When the device is reset, P130 outputs a low level. Therefore, to output a high level from P130 before
the device is reset, the output signal of P130 can be used as a pseudo reset signal of the CPU (see the
figure for Remark in 4.2.12 Port 13).

2.2.13 P140 to P145 (port 14)

P140 to P145 function as a 6-bit /0 port. These pins also function as timer I/O, external interrupt request input,
clock/buzzer output, serial interface data I/O, and clock I/O.

Input to the P142 and P143 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 14 (PIM14).

Output from the P142 to P144 pins can be specified as normal CMOS output or N-ch open-drain output (Vbb
tolerance) in 1-bit units using port output mode register 14 (POM14).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P140 to P145 function as a 6-bit I/O port. P140 to P145 can be set to input or output port in 1-bit units using port
mode register 14 (PM14). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 14
(PU14).

(2) Control mode
P140 to P145 function as timer I/O, external interrupt request input, clock/buzzer output, serial interface data 1/0,
and clock I/O.

(a) INTP6, INTP7
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) PCLBUZO0, PCLBUZ1
These are the clock/buzzer output pins.

(c) TIO7
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 07.

(d) TOO07
This is a timer output pin of 16-bit timer 07.

(e) SI20
This is a serial data input pin of serial interface CSI20.

(f) so20
This is a serial data output pin of serial interface CSI20.
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(g) SCK20
This is a serial clock 1/0O pin of serial interface CSI20.

(h) TxD2
This is a serial data output pin of serial interface UART2.

(i) RxD2
This is a serial data input pin of serial interface UART2.

(j) SDA20
This is a serial data I/O pin of serial interface for simplified I°C.

(k) SCL20
This is a serial clock I/O pin of serial interface for simplified I°C.

2.2.14 AVRero

This is the A/D converter reference voltage input pin and the positive power supply pin of P20 to P27, and A/D
converter.

The voltage that can be supplied to AVrero varies as follows, depending on whether P20/ANIO to P27/ANI7 are
used as digital I/Os or analog inputs.

Table 2-2. AVrero Voltage Applied to P20/ANIO to P27/ANI7 Pins

Analog/Digital Vop Condition AVrero Voltage

Using at least one pin as an analog input and using all | 23 <Vpp <55V |2.3V < AVrero < Vop = EVop
pins not as digital 1/Os

Pins used as analog inputs and digital I/Os are 27V<Vop<55V | 2.7V < AVrero < Voo = EVop
mixed""®

23V <Vop<27V |AVrero has same potential as EVop,
and Voo

Using at least one pin as a digital /0 and using all pins | 27V <Vpp <55V |2.7 V < AVaero < Vop = EVop
not as analog inputs"*®

1.8V < Vob < 2.7V |AVrero has same potential as EVop,
and Voo

Note AVrero is the reference for the I/O voltage of a port to be used as a digital port.
¢ High-/low-level input voltage (ViH4/ViL4)
o High-/low-level output voltage (VoHz/VoL2)
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2.2.15 AVREF1

This is the D/A converter reference voltage input pin and the positive power supply pin of P110, P111, and D/A
converter.

The voltage that can be supplied to AVRer1 varies as follows, depending on whether P110/ANIO, P111/ANO1 are
used as digital 1/Os or analog inputs.

Table 2-3. AVrer1 Voltage Applied to P110/ANOO, P111/ANO1 Pins

Analog/Digital Voo Condition AVrer1 Voltage

Using at least one pin as an analog output and using all | 1 8V <Vpp <55V | 1.8V < AVrert < Vop = EVoo
pins not as digital 1/Os

Pins used as analog outputs and digital I/Os are 27V<Vop<5.5V | 2.7V <AVrer1 < Voo = EVoo
mixed"

1.8V <Vop<2.7V |AVreri has same potential as EVoo,
and Vop

Using at least one pin as a digital /0 and using all pins | 27V <Vop <55V |2.7 V < AVrer1 < Voo = EVoo
not as analog outputs™™®

1.8V <Vop<2.7V |AVreri has same potential as EVoo,
and Voo

Note AVRrer1 is the reference for the 1/0 voltage of a port to be used as a digital port.
¢ High-/low-level input voltage (ViHs/ViLs)
« High-/low-level output voltage (VoHz/VoL2)

2.2.16 AVss
This is the ground potential pin of A/D converter, D/A converter, P20 to P27, and P110, P111. Even when the A/D
converter and D/A converter are not used, always use this pin with the same potential as EVss and Vss.

2.2.17 RESET
This is the active-low system reset input pin.
When the external reset pin is not used, connect this pin directly to EVop or via a resistor.
When the external reset pin is used, design the circuit based on Vob.

2.2.18 REGC

This is the pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect this
pin to Vss via a capacitor (0.47 to 1 xF). However, when using the STOP mode that has been entered since operation
of the internal high-speed oscillation clock and external main system clock, 0.47 uF is recommended.

Also, use a capacitor with good characteristics, since it is used to stabilize internal voltage.

: f REGC
1
1
1
1
1
1
!

H;""' Vss

Caution Keep the wiring length as short as possible for the broken-line part in the above figure.
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2.2.19 Voo, EVop

Vo is the positive power supply pin for P121 to P124 and pins other than ports (excluding the 'RESET and FLMDO
pins).
EVop is the positive power supply pin for ports other than P20 to P27, P110, P111 and P121 to P124 as well as for the
RESET and FLMDO pins.

2.2.20 Vss, EVss
Vss is the ground potential pin for P121 to P124 and pins other than ports (excluding the RESET and FLMDO pins).
EVss is the ground potential pin for ports other than P20 to P27, P110, P111 and P121 to P124 as well as for the
RESET and FLMDO pins.

2.2.21 FLMDO
This is a pin for setting flash memory programming mode.
Perform either of the following processing.

(a) In normal operation mode
It is recommended to leave this pin open during normal operation.
The FLMDO pin must always be kept at the Vss level before reset release but does not have to be pulled
down externally because it is internally pulled down by reset. However, pulling it down must be kept selected
(i.e., FLMDPUP = “0”, default value) by using bit 7 (FLMDPUP) of the background event control register
(BECTL) (see 24.5 (1) Back ground event control register). To pull it down externally, use a resistor of
200 kQ or smaller.
Self programming and the rewriting of flash memory with the programmer can be prohibited using hardware,
by directly connecting this pin to the Vss pin.

(b) In self programming mode
It is recommended to leave this pin open when using the self programming function. To pull it down
externally, use a resistor of 100 kQ to 200 kQ.
In the self programming mode, the setting is switched to pull up in the self programming library.

(c) In flash memory programming mode
Directly connect this pin to a flash memory programmer when data is written by the flash memory
programmer. This supplies a writing voltage of the Vo level to the FLMDO pin.
The FLMDO pin does not have to be pulled down externally because it is internally pulled down by reset. To
pull it down externally, use a resistor of 1 kQ to 200 kQ.
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2.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

Table 2-4 shows the types of pin I/O circuits and the recommended connections of unused pins.

Table 2-4. Connection of Unused Pins (1/3)

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins

PO0/TI00 8-R 1/0 Input:  Independently connect to EVoo or EVss via a resistor.

PO1/TO00 5-AG Output: Leave open.

P02/SO10/TxD1

P03/SI10/RxD1/SDA10 5-AN

P04/SCK10/SCL10

P05/T105/TO05 8-R

P06/T106/TO06

P10/SCK00

P11/S100/RxD0

P12/SO00/TxDO0 5-AG

P13/TxD3

P14/RxD3 8-R

P15/RTCDIV/RTCCL 5-AG

P16/T101/TO01/INTP5 8-R

P17/T102/TO02

P20/ANIO to P27/ANI7""* 11-G Input:  Independently connect to AVRrero or AVss via a resistor.
Output: Leave open.

P30/RTC1HZ/INTP3 8-R Input:  Independently connect to EVoo or EVss via a resistor.
Output: Leave open.

P31/TI103/TO03/INTP4

P40/TOOLO <When on-chip debugging is enabled>
Pull this pin up (pulling it down is prohibited).
<When on-chip debugging is disabled>
Input:  Independently connect to EVop or EVss via a resistor.
Output: Leave open.

P41/TOOL1 5-AG Input:  Independently connect to EVop or EVss via a resistor.

P42/TI04/TO04 8-R Output: Leave open.

P43/SCKO1 5-AN

P44/S101

P45/SO01 5-AG

P46 8-R

P47

Note P20/ANIO to P27/ANI7 are set in the digital input port mode after release of reset.

User's Manual U17893EJ8VOUD

43



CHAPTER 2 PIN FUNCTIONS

Table 2-4. Connection of Unused Pins (2/3)

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
P50/INTP1 8-R 1/0 Input:  Independently connect to EVop or EVss via a resistor.
P51/INTP2 Output: Leave open.

P52 to P55 5-AG

P60/SCLO 13-R Input:  Connect to EVss.

P61/SDAO Output: Set the port output latch to 0 and leave these pins open
P62, P63 13-P via low-level output.

P64 to P67 5-AG Input:  Independently connect to EVoo or EVss via a resistor.
P70/KRO to P73/KR3 8-R Output: Leave open.

P74/KR4/INTP8 to
P77/KR7/INTP11

P90 5-AG

P110/ANOO, P111/ANO1 12-G Input:  Independently connect to AVrert or AVss via a resistor.
Output: Leave open.

P120/INTPO/EXLVI 8-R Input:  Independently connect to EVoo or EVss via a resistor.
Output: Leave open.

P121/X1""* 37-B Input Independently connect to Vop or Vss via a resistor.

P122/X2/EXCLK"*

P123/XT1""

P124/XT2""

P130 3-C Output | Leave open.

P140/PCLBUZO0/INTP6 8-R 1/0 Input:  Independently connect to EVoo or EVss via a resistor.

P141/PCLBUZ1/INTP7 Output:  Leave open.

P142/SCK20/SCL20 5-AN

P143/S120/RxD2/SDA20

P144/S020/TxD2 5-AG

P145/T107/TO07 8-R

AVRero - - Make this pin the same potential as EVoo or Voo.

See 2.2.14 AVrero when using P20 to P27.

Note Use recommended connection above in input port mode (see Figure 5-2 Format of Clock Operation
Mode Control Register (CMC)) when these pins are not used.
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Table 2-4. Connection of Unused Pins (3/3)

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
AVReF1 - - Make this pin the same potential as EVoo or Voo.
See 2.2.15 AVrer1 when using P110 and P111.
AVss - - Make this pin the same potential as the EVss or Vss.
FLMDO 2-W - Leave open or connect to Vss via a resistor of 100 kQ or more.
‘RESET 2 Input Connect directly to EVoo or via a resistor.
REGC - - Connect to Vss via capacitor (0.47 to 1 uF).
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Figure 2-1. Pin I/O Circuit List (1/2)

Type 2

Schmitt-triggered input with hysteresis characteristics

Type 5-AG

EVDD

Pull-up
enable

EVbD
—4
Data P-ch

LD@—{ [ Nech
disable

IN/OUT

Output

EVss

Input

enable

Type 2-W

P-ch ﬂ pull-up
enable
»
N-ch pull-down
enable
7/7 EVss
IN . } I

Schmitt-triggered input with hysteresis characteristics

Type 5-AN

Pull-up
enable >0
Data ——
Output
disable
Input
characteristic

Type 3-C

EVDD
—i — P-ch
Data—l>©—0 ouT
—i ~-— N-ch
EVss

Type 8-R

EVbD

Pull-up
enable {>O I P-ch

EVbD

Data 4»:D>_| P-ch
IN/OUT

Output N-ch
disable

EVss
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Figure 2-1. Pin I/O Circuit List (2/2)

Type 11-G

AVReFo

Data — ¢

Type 13-R

Data
Output X >—| N-ch

disable

Input

enable

EVss
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Products in the 78KOR/KF3 can access a 1 MB memory space. Figures 3-1 to 3-5 show the memory maps.

Figure 3-1. Memory Map (©PD78F1152, 78F1152A)

FFFFFH OFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH [ General-purpose register
FFEEOH 32 bytes
FFEDFH
RANMNote 1 A
4 KB o Program area
FEFOOH
FEEFFH
1 Mirror 1 -
T 55.75 KB T O1FFFR
F1000H
010CEH
FOFFFH
0 Reserved 010CDH On-chip debug security
FO800H ID setting areaN°te2
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte areaN°te2
2KB 010COH 4 bytes
010BFH Boot cluster 1
E?:IO:IO:?:: CALLT table area ueer
64 bytes
01080H
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
- Reserved -~ =0 Program area
000CEH
000CDH On-chip debug security
ID setting areaN°te?
000C4H 10 bytes
000C3H Option byte arealete2 Boot cluster oNote 3
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
10000H 0007FH
OFFFFH
Program Flash Vector table area
memory o= asefﬁranory - 128 bytes
space
00000H 00000H
Notes 1. Instructions can be executed from the RAM area excluding the general-purpose register area.
2. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug
security IDs to 000C4H to 000CDH.

When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

3. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security

Setting).
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Figure 3-2. Memory Map (4PD78F1153, 78F1153A)

Boot cluster oNote 3

FFFFFH 17FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH [ General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNete 1 i
6 KB B Program area
FE700H
FE6FFH
L Mirror 1 .
0T 53.75 KB T 01FFFH
F1000H 010CEH
FOFFFH 010CDH N X
Reserved On-chip debug security
FO800H ID setting areaNote?
FO7FFH 010C4H 10 bytes
Spegcial function register (2nd SFR) 010C3H Option byte areaN°te2
2 KB 010COH 4 bytes
010BFH Boot cluster 1
Egggg: CALLT table area
64 bytes
01080H
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
- Reserved ot
3 Program area
000CEH
000CDH On-chip debug security
ID setting areaN°te?
000C4H 10 bytes
000C3H Option byte arealete2
000COH 4 bytes
000BFH
CALLT table area
18000H 00080H 64 bytes
17FFFH 0007FH
Program A Flash memory L Vector table area
memory I~ 96 KB 128 bytes
space
00000H 00000H
Notes 1. Instructions can be executed from the RAM area excluding the general-purpose register area.

2. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug
security IDs to 000C4H to 000CDH.

When boot swap is used:

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and

the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.
3. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security

Setting).
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Figure 3-3. Memory Map (PD78F1154, 78F1154A)

Data memory

space

FFFFFH 1FFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNete 1 e Program area o~
8 KB
FDFOOH
FDEFFH Wi
=~ 51 ;go}r(B o 01FFFH
F1000H 010CEH
FOFFFH 010CDH - -
Reserved On-chip debug security
F0800H ID setting areaN°te?
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte areaN°te2
2 KB 010COH 4 bytes
Foo0oH O1oBFd CALLT table area Bootcluster1
EFFFFH 64 bytes
01080H
0107FH
Vector table area
128 bytes
01000H
00FFFH
- Reserved -
=0 Program area =
000CEH
000CDH On-chip debug security
ID setting areaN°te?
000C4H 10 bytes
000C3H Option byte areal°te? Boot cluster oNote 3
000COH 4 bytes
000BFH
20000H CALLT table area
1FFFFH
64 bytes
00080H
0007FH
Fn.:gr%r:g/] L Flash memory L
space 128 KB Vector table area
128 bytes
00000H 00000H

Notes 1.

Instructions can be executed from the RAM area excluding the general-purpose register area.
When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug

When boot swap is used:

security IDs to 000C4H to 000CDH.

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security

Setting).
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Figure 3-4. Memory Map (4PD78F1155, 78F1155A)

Data memory

space

FFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 82 bytes
FFEDFH
RAMNute1
10 KB
FD700H
FD6FFH
L Mirror
T 49.75 KB
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special function register (2nd SFR)
2 KB
FOOO0OH
EFFFFH
=~ Reserved
30000H
2FFFFH
Program | Flash memory
memory 1 192 KB
space

00000H

(

01FFFHE

Boot cluster 1

2FFFFH
ot Program area
010CEH
010CDH On-chip debug security
ID setting areaote2
010C4H 10 bytes
010C3H Option byte area*'®?
010COH 4 bytes
010BFH
CALLT table area
64 bytes
01080H
0107FH
Vector table area
128 bytes
01000H
00FFFH
b Program area
000CEH
000CDH On-chip debug security
ID setting areaM°'e2
000C4H 10 bytes
000C3H Option byte areal°te?
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
Vector table area
128 bytes
00000H

Notes 1.
2.

Boot cluster oNote 3

Instructions can be executed from the RAM area excluding the general-purpose register area.
When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug
security IDs to 000C4H to 000CDH.

When boot swap is used:

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and

the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to

010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security
Setting).
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Figure 3-5. Memory Map (1PD78F1156, 78F1156A)

FFFFFH 3FFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNets 1,2 0~ Program area
12 KB
FCFOOH
FCEFFH —
L Mirror 01FFFH
T 47.75 KB
F1000H 010CEH
FORFFH Reserved 010CDH On-chip debug security
FO800H ID setting area°te?
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte arealete?
2KB 010COH 4 bytes
010BFH Boot cluster 1
FooooH CALLT table area oot cluster
EFFFFH 64 bytes
01080H
Data memory 0107FH
space
Vector table area
128 bytes
= Reserved
01000H
00FFFH
st Program area
000CEH
ggggg: 000CDH On-chip debug security
ID setting areal°te?
000C4H 10 bytes
000C3H Option byte areaM°te3 Boot cluster ONete 4
000COH 4 bytes
000BFH
CALLT table area
Fr:gg_lr;m £ Flash memory 64 bytes
y = 256 KB 00080H
space
0007FH
Vector table area
128 bytes
00000H 00000H
Notes 1. Instructions can be executed from the RAM area excluding the general-purpose register area.
2. Use of the area FCFOOH to FD6FFH is prohibited when using the self-programming function, since this
area is used for self-programming library.
3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug
security IDs to 000C4H to 000CDH.

When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security

Setting).
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Remark The flash memory is divided into blocks (one block = 2 KB). For the address values and block numbers,
see Table 3-1 Correspondence Between Address Values and Block Numbers in Flash Memory.

SFFFFH Block 7FH
3FB00H
3F7FFH
00FFFH
Block 01H
00800H
007FFH Block 00H 2KB
00000H
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Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-1. Correspondence Between Address Values and Block Numbers in Flash Memory

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
00000H to 007FFH | 0OOH 10000H to 107FFH | 20H 20000H to 207FFH | 40H 30000H to 307FFH | 60H
00800H to 0OFFFH | O01H 10800H to 10FFFH | 21H 20800H to 20FFFH | 41H 30800H to 30FFFH | 61H
01000H to 017FFH | 02H 11000H to 117FFH | 22H 21000H to 217FFH | 42H 31000H to 317FFH | 62H
01800H to 01FFFH | O3H 11800H to 11FFFH | 23H 21800H to 21FFFH | 43H 31800H to 31FFFH | 63H
02000H to 027FFH | 04H 12000H to 127FFH | 24H 22000H to 227FFH | 44H 32000H to 327FFH | 64H
02800H to 02FFFH | 05H 12800H to 12FFFH | 25H 22800H to 22FFFH | 45H 32800H to 32FFFH | 65H
03000H to 037FFH | 06H 13000H to 137FFH | 26H 23000H to 237FFH | 46H 33000H to 337FFH | 66H
03800H to 03FFFH | 07H 13800H to 13FFFH | 27H 23800H to 23FFFH | 47H 33800H to 33FFFH | 67H
04000H to 047FFH | 08H 14000H to 147FFH | 28H 24000H to 247FFH | 48H 34000H to 347FFH | 68H
04800H to 04FFFH | 09H 14800H to 14FFFH | 29H 24800H to 24FFFH | 49H 34800H to 34FFFH | 69H
05000H to 057FFH | OAH 15000H to 157FFH | 2AH 25000H to 257FFH | 4AH 35000H to 357FFH | 6AH
05800H to 05FFFH | OBH 15800H to 15FFFH | 2BH 25800H to 25FFFH | 4BH 35800H to 35FFFH | 6BH
06000H to 067FFH | OCH 16000H to 167FFH | 2CH 26000H to 267FFH | 4CH 36000H to 367FFH | 6CH
06800H to 06FFFH | ODH 16800H to 16FFFH | 2DH 26800H to 26FFFH | 4DH 36800H to 36FFFH | 6DH
07000H to 077FFH | OEH 17000H to 177FFH | 2EH 27000H to 277FFH | 4EH 37000H to 377FFH | 6EH
07800H to 07FFFH | OFH 17800H to 17FFFH | 2FH 27800H to 27FFFH | 4FH 37800H to 37FFFH | 6FH
08000H to 087FFH | 10H 18000H to 187FFH | 30H 28000H to 287FFH | 50H 38000H to 387FFH | 70H
08800H to 08FFFH | 11H 18800H to 18FFFH | 31H 28800H to 28FFFH | 51H 38800H to 38FFFH | 71H
09000H to 097FFH | 12H 19000H to 197FFH | 32H 29000H to 297FFH | 52H 39000H to 397FFH | 72H
09800H to 09FFFH | 13H 19800H to 19FFFH | 33H 29800H to 29FFFH | 53H 39800H to 39FFFH | 73H
0AOO0OH to 0OA7FFH | 14H 1A000H to 1A7FFH | 34H 2A000H to 2A7FFH | 54H 3A000H to 3A7FFH | 74H
0A800H to OAFFFH | 15H 1A800H to 1AFFFH | 35H 2A800H to 2AFFFH | 55H 3A800H to 3AFFFH | 75H
0BOOOH to OB7FFH | 16H 1B0O0OH to 1B7FFH | 36H 2B000H to 2B7FFH | 56H 3B000H to 3B7FFH | 76H
0B800OH to OBFFFH | 17H 1B800H to 1BFFFH | 37H 2B800H to 2BFFFH | 57H 3B800H to 3BFFFH | 77H
0COO0OH to 0C7FFH | 18H 1CO00H to 1C7FFH | 38H 2C000H to 2C7FFH | 58H 3C000H to 3C7FFH | 78H
0C800H to OCFFFH | 19H 1C800H to 1CFFFH | 39H 2C800H to 2CFFFH | 59H 3C800H to 3CFFFH | 79H
ODOOOH to OD7FFH | 1AH 1DO00H to 1D7FFH | 3AH 2D000H to 2D7FFH | 5AH 3D000H to 3D7FFH | 7AH
0D800H to ODFFFH | 1BH 1D800H to 1DFFFH | 3BH 2D800H to 2DFFFH | 5BH 3D800H to 3DFFFH | 7BH
OEOO0OH to OE7FFH | 1CH 1EO00H to 1E7FFH | 3CH 2EO000H to 2E7FFH | 5CH 3EO000H to 3E7FFH | 7CH
OE800H to OEFFFH | 1DH 1E800H to 1EFFFH | 3DH 2E800H to 2EFFFH | 5DH 3E800H to 3EFFFH | 7DH
OFO0O00H to OF7FFH | 1EH 1FO00H to 1F7FFH | 3EH 2F000H to 2F7FFH | 5EH 3F000H to 3F7FFH | 7EH
OF800H to OFFFFH | 1FH 1F800H to 1FFFFH | 3FH 2F800H to 2FFFFH | 5FH 3F800H to 3FFFFH | 7FH

Remark pPD78F1152, 78F1152A: Block numbers 00H to 1FH
#PD78F1153, 78F1153A: Block numbers O0H to 2FH
#PD78F1154, 78F1154A: Block numbers 00H to 3FH
#PD78F1155, 78F1155A: Block numbers 00H to 5FH
#PD78F1156, 78F1156A: Block numbers O0H to 7FH
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3.1.1 Internal program memory space
The internal program memory space stores the program and table data. Normally, it is addressed with the program
counter (PC).

78KOR/KF3 products incorporate internal ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
1PD78F1152, 78F1152A | Flash memory 65536 x 8 bits (00000H to OFFFFH)
#PD78F1153, 78F1153A 98304 x 8 bits (00000H to 17FFFH)
uPD78F1154, 78F1154A 131072 x 8 bits (00000H to 1FFFFH)
uPD78F1155, 78F1155A 196608 x 8 bits (00000H to 2FFFFH)
1PD78F1156, 78F1156A 262144 x 8 bits (00000H to 3FFFFH)

The internal program memory space is divided into the following areas.

(1) Vector table area
The 128-byte area 00000H to 0007FH is reserved as a vector table area. The program start addresses for
branch upon reset or generation of each interrupt request are stored in the vector table area. Furthermore, the
interrupt jump address is a 64 K address of 00000H to OFFFFH, because the vector code is assumed to be 2
bytes.
Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd
addresses.
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Table 3-3. Vector Table

Vector Table Address Interrupt Source Vector Table Address Interrupt Source
00000H 'RESET input, POC, LVI, WDT, 0002CH INTTMOO
TRAP 0002EH INTTMO1
00004H INTWDTI 00030H INTTMO2
00006H INTLVI 00032H INTTMO3
00008H INTPO 00034H INTAD
0000AH INTP1 00036H INTRTC
0000CH INTP2 00038H INTRTCI
0000EH INTP3 0003AH INTKR
00010H INTP4 0003CH INTST2/INTCSI20/INTIIC20
00012H INTP5 0003EH INTSR2
00014H INTST3 00040H INTSRE2
00016H INTSR3 00042H INTTMO4
00018H INTSRE3 00044H INTTMO5
0001AH INTDMAO 00046H INTTMO6
0001CH INTDMA1 00048H INTTMO7
0001EH INTSTO/INTCSIO0 0004AH INTP6
00020H INTSRO/INTCSIO1 0004CH INTP7
00022H INTSREO 0004EH INTP8
00024H INTST1/INTCSI10/INTIIC10 00050H INTP9
00026H INTSR1 00052H INTP10
00028H INTSREH1 00054H INTP11
0002AH INTIICO 0007EH BRK

(2) CALLT instruction table area

©))

(4)

56

The 64-byte area 00080H to 000BFH can store the subroutine entry address of a 2-byte call instruction (CALLT).
Set the subroutine entry address to a value in a range of 00000H to OFFFFH (because an address code is of 2
bytes).

To use the boot swap function, set a CALLT instruction table also at 01080H to 010BFH.

Option byte area
A 4-byte area of 000COH to 000C3H can be used as an option byte area. Set the option byte at 010COH to
010C3H when the boot swap is used. For details, see CHAPTER 23 OPTION BYTE.

On-chip debug security ID setting area

A 10-byte area of 000C4H to 000CDH and 010C4H to 010CDH can be used as an on-chip debug security 1D
setting area. Set the on-chip debug security ID of 10 bytes at 000C4H to 000CDH when the boot swap is not
used and at 000C4H to 000CDH and 010C4H to 010CDH when the boot swap is used. For details, see
CHAPTER 25 ON-CHIP DEBUG FUNCTION.
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3.1.2 Mirror area

The 4PD78F1152 and 78F1152A mirror the data flash area of 00000H to OFFFFH, to FOOOOH to FFFFFH.

The ©PD78F1153, 78F1153A, 78F1154, 78F1154A, 78F1155, 78F1155A, 78F1156, 78F1156A mirror the data
flash area of 00000H to OFFFFH or 10000H to 1FFFFH, to FOOOOH to FFFFFH (the data flash area to be mirrored is
set by the processor mode control register (PMC)).

By reading data from FOOOOH to FFFFFH, an instruction that does not have the ES registers as an operand can be
used, and thus the contents of the data flash can be read with the shorter code. However, the data flash area is not
mirrored to the SFR, extended SFR, RAM, and use prohibited areas.

See 3.1 Memory Space for the mirror area of each product.
The mirror area can only be read and no instruction can be fetched from this area.

The following show examples.

Example 1 zPD78F1152, 78F1152A
(Flash memory: 64 KB, RAM: 4 KB)

FFFFFH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

FEFOOH
FEEFFH

F1000H
FOFFFH

FO800H
FO7FFH

FO00OH
EFFFFH

10000H
OFFFFH

OEFOOH
OEEFFH

01000H
00FFFH

00000H

Setting MAA =0

Special-function register (SFR)
256 bytes

General-purpose register
32 bytes

RAM
4 KB

Flash memory
(same data as 01000H to OEEFFH)

Reserved

Special-function register (2nd SFR)

Reserved

FFFFFH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

FCFOOH
FCEFFH

F1000H
FOFFFH

FO800H
FO7FFH

FO000OH

EFFFFH

Mirror

40000H
3FFFFH

For example, 02345H is mirrored to
F2345H. Data can therefore be read by

MOV A, 12345H, instead of MOV ES,
#00H and MOV A, ES:!2345H.

1CFOOH
1CEFFH

Flash memory

Flash memory

11000H
10FFFH

00000H

Remark MAA: Bit 0 of the processor mode control register (PMC).

PMC register is described below.
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Example 2 4PD78F1156,78F1156A
(Flash memory: 256 KB, RAM: 12 KB)

Setting MAA = 1

Special-function register (SFR)
256 bytes

General-purpose register
32 bytes

RAM
12KB

Flash memory
(same data as 11000H to 1CEFFH)

Reserved

Special-function register (2nd SFR)
2KB

Reserved

Mirror

For example, 15432H is mirrored to

Flash memory

F5432H. Data can therefore be read by

MOV A, 15432H, instead of MOV ES,
#01H and MOV A, ES:15432H.

Flash memory
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¢ Processor mode control register (PMC)
This register selects the flash memory space for mirroring to area from FOOOOH to FFFFFH.
PMC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 3-6. Format of Configuration of Processor Mode Control Register (PMC)

Address: FFFFEH After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 <0>
PMC | 0 | 0 | 0 | 0 | 0 | 0 | 0 | MAA |
MAA Selection of flash memory space for mirroring to area from FOOOOH to FFFFFH

0 00000H to OFFFFH is mirrored to FOOOOH to FFFFFH
1 10000H to 1FFFFH is mirrored to FOOOOH to FFFFFH

Cautions 1. Set PMC only once during the initial settings prior to operating the DMA controller. Rewriting
PMC other than during the initial settings is prohibited.
2. After setting PMC, wait for at least one instruction and access the mirror area.
3. When the xPD78F1152, 78F1152A is used, be sure to set bit 0 (MAA) of this register to 0.

3.1.3 Internal data memory space
78KOR/KF3 products incorporate the following RAMSs.

Table 3-4. Internal RAM Capacity

Part Number Internal RAM

uPD78F1152, 78F1152A 4096 x 8 bits (FEFOOH to FFEFFH)
uPD78F1153, 78F1153A 6144 x 8 bits (FE700H to FFEFFH)
uPD78F1154, 78F1154A 8192 x 8 bits (FDFOOH to FFEFFH)
uPD78F1155, 78F1155A 10240 x 8 bits (FD700H to FFEFFH)
uPD78F1156, 78F1156A 12288 x 8 bits (FCFOOH to FFEFFH)

The internal RAM can be used as a data area and a program area where instructions are written and executed.
Four general-purpose register banks consisting of eight 8-bit registers per bank are assigned to the 32-byte area of
FFEEOH to FFEFFH of the internal RAM area. However, instructions cannot be executed by using general-purpose
registers.

The internal RAM is used as a stack memory.

Cautions 1. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
2. While using the self-programming function, the area of FFE20H to FFEFFH cannot be used as
a stack memory. Furthermore, the areas of FCFOOH to FD6FFH cannot be used with the
4#PD78F1156 and 78F1156A.
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3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see
Table 3-5 in 3.2.4 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.
3.1.5 Extended special function register (2nd SFR: 2nd Special Function Register) area

On-chip peripheral hardware special function registers (2nd SFRs) are allocated in the area FOOOOH to FO7FFH
(see Table 3-6 in 3.2.5 Extended Special function registers (2nd SFRs: 2nd Special Function Registers)).

SFRs other than those in the SFR area (FFFOOH to FFFFFH) are allocated to this area. An instruction that

accesses the extended SFR area, however, is 1 byte longer than an instruction that accesses the SFR area.

Caution Do not access addresses to which extended SFRs are not assigned.
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3.1.6 Data memory addressing

Addressing refers to the method of specifying the address of the instruction to be executed next or the address of
the register or memory relevant to the execution of instructions.

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
78KOR/KF3, based on operability and other considerations. For areas containing data memory in particular, special
addressing methods designed for the functions of special function registers (SFR) and general-purpose registers are
available for use. Figures 3-7 to 3-11 show correspondence between data memory and addressing.

Figure 3-7. Correspondence Between Data Memory and Addressing (1#PD78F1152, 78F1152A)
FFFFFH
FFF20H| Special function register (SFR) SFR addressing
FFF1FH 256 bytes T
FFFOOH _
FFEFFH| General-purpose register 1 Redistor addressi Short direct
FFEEOH 32 bytes | egister aadressing addressmg
FFEDFH - l
FFE20H| .. RAM ]
FFE1FH 4 KB
FEFOOH
FEEFFH
A Mirror area A
T 55.75 KB T T T T T T T T
|
F1000H 1
FOFFFH !
Reserved 1
FO800H !
FO7FFH |
Special function register (2nd SFR) !
2KB |
FOOOOH 1 Direct addressing
EFFFFH !
: Register indirect addressing
: Based addressing
|
I Based indexed addressing
|
|
l
: Mirror
|
|
|
- Reserved -~ |
I
|
|
I
|
|
l
|
I
l
|
I
l
|
I
10000H l
OFFFFH Flash memory 64 KB :
0EFOOH|_ _ _ _ _ _ _ _ _________ :
0EEFFH, 1o _MA=0
~F Mirrored area 55.75 KB —~
01000H| = ———— _
00FFFH
00000H
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<R> Figure 3-8. Correspondence Between Data Memory and Addressing (#«PD78F1153, 78F1153A)
FFFFFH A . ]
FEF20H|  Special function register (SFR) SFR addressing
FFFi1FH 256 bytes T
FFFOOH
FFEFFH| General-purpose register 1 . . Short direct
Register addressin ;
FEEEOH 32 bytes ‘ 9 9 addressing
FFEDFH
FFE20H| ~~ RAM |
FFE1FH 6 KB
FE700H
FE6FFH
- Mirror area e — —— ——— - —— a
53.75 KB |
I
F1000H I
FOFFFH !
Reserved !
FO800H !
FO7FFH |
Special function register (2nd SFR) !
2 KB ! , ,
! Direct addressing
FOOOOH |
EFFFFH | Register indirect addressing
|
! Based addressing
l
: Based indexed addressing
I
|
1 Mirror
I
|
|
I
|
- Reserved -0~ I
l
|
|
|
|
|
|
I
|
|
l
|
18000H :
17FFFH Flash memory 96 KB |
0E700H |
OB6FFH| m—— — | _ ! MAA=0 |
01000AT Mirrored area 53.75 KB ~
00FFFHI- "~~~ "~ "~~~ =777 77]
Y
00000H
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Short direct
addressing

|

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

Figure 3-9. Correspondence Between Data Memory and Addressing (4PD78F1154, 78F1154A)
FFFFFH A
FFF20H | Special function register (SFR) | SFRaddressing .
FFF1FH 256 bytes
FFFOOH Y
FFEFFH| General-purpose register i Redister addressi
egister aaaressing
FFEEOH 32 bytes Y
FFEDFH
FFE20H| __________RAM ]
FFE1FH 8 KB
FDFOOH
FDEFFH
L Mirror area A o ____
T 51.75 KB T I
F1000H |
FOFFFH |
Reserved
FO800H |
FO7FFH |
. . . |
Special function register (2nd SFR) |
2 KB I
FO000H :
EFFFFH I
|
|
|
|
|
|
|
|
|
|
Mirror
it Reserved & :
|
|
|
|
|
|
|
|
|
|
|
|
|
20000H I
1FFFFH !
1DFOOH Flash memory 128 KB !
1DEFFH| mm———————————F—F———F———7 7] When MAA =1 !
mympsassnpre— N kL |
000k | Miroredareast7ske ] | .
10FFFH I
L — |
ggggg: ----------------- When MAA=0 !
MOMHJ__W@T?¥3T7T?__J _____________
00FFFH
00000H
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Figure 3-10. Correspondence Between Data Memory and Addressing (#PD78F1155, 78F1155A)

[}
SFR addressing

Register addressing

Short direct
addressing

|

Mirror

When MAA =1

When MAA =0

Direct addressing

Register indirect addressing

Based addressing

Based indexed addressing

FFFFFH
FFF20H Special function register (SFR)
FFF1FH 256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
FFE20H| ... RAM .
FFE1FH 10 KB
FD700H
FDBFFH
L Mirror area -
§ 49.75 KB
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special function register (2nd SFR)
2 KB
FOOO0OH
EFFFFH
- Reserved -
30000H
2FFFFH
Flash memory 192 KB
1D700H|_ _ _ _ _ _ _ _ _ _ _ ______
1D6FFH :
t1000H| L Miroredarea49.75KB | |
10FFFH
op7o00H}y
O0D6FFH -
01000H| L _Miroredaread9.75KB ||
00FFFH
00000H
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<R> Figure 3-11. Correspondence Between Data Memory and Addressing (#PD78F1156, 78F1156A)
FFFFFH A
FFFo0H| Special function register (SFR) SFR addressing
FFF1FH 256 bytes
FFFOOH y
FFEFFH| General-purpose register 1 i
sz bpytes 9 Register addressing Short d|rect
FFEEOH I addressing
FFEDFH l
FFE20H| ... .| RAMMe
FFE1FH 12 KB
FCFOOH
FCEFFH .
1 Mirror area L
T 47.75 KB TS T T T,
F1000H l
FOFFFH !
Reserved |
F0800H l
FO7FFH I
|
Special function register (2nd SFR) I
2 KB I
| Direct addressing
FOOO0O0H l
EFFFFH : Register indirect addressing
: Based addressing
I
I Based indexed addressing
|
I
o Reserved =0~ : Mirror
|
I
|
|
I
|
|
l
40000H |
3FFFFH |
Flash memory :
256 KB I
|
L - I
T |
|
}g;gg: _________________ When MAA =1 I
= | L___________ |
11NOHJ__WT?9T?fE§§%_J_ I
10FFFH l
0CFOOH)_ _ _ _ _ _ _ _ _ _ _ _ _ _ ___] When MAA = 0 :
0CEFFH . | _ _WhenMAA=0
o1w0HJ--WT@fT?f?@5%_J_
00FFFH
00000H

Note Use of the area FCFOOH to FD6FFH is prohibited when using the self-programming function. Since this
area is used for self-programming library.
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3.2 Processor Registers

The 78KOR/KF3 products incorporate the following processor registers.

3.2.1 Control registers

The control registers control the program sequence, statuses and stack memory. The control registers consist of a

program counter (PC), a program status word (PSW) and a stack pointer (SP).

Q)

)

Program counter (PC)

The program counter is a 20-bit register that holds the address information of the next program to be executed.

In normal operation, PC is automatically incremented according to the number of bytes of the instruction to be
fetched. When a branch instruction is executed, immediate data and register contents are set.

Reset signal generation sets the reset vector table values at addresses 0000H and 0001H to the program counter.

Figure 3-12. Format of Program Counter

19 0

PC

Program status word (PSW)

The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.

Program status word contents are stored in the stack area upon vector interrupt request acknowledgment or
PUSH PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
Reset signal generation sets PSW to 06H.

Figure 3-13. Format of Program Status Word

PSW IE 4 RBS1| AC |RBSO| ISP1 | ISPO | CY

(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and interrupt request acknowledgment is
controlled with an in-service priority flag (ISP1, ISP0), an interrupt mask flag for various interrupt sources,
and a priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El
instruction execution.

(b) Zero flag (2)
When the operation result is zero, this flag is set (1). It is reset (0) in all other cases.

(c) Register bank select flags (RBS0, RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction
execution is stored.
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©))

66

(d) Auxiliary carry flag (AC)

(e)

®

If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). Itis reset (0) in all other
cases.

In-service priority flags (ISP1, ISPO)

This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt requests
specified lower than the value of ISPO and ISP1 by a priority specification flag register (PRnOL, PRnOH,
PRn1L, PRn1H, PRn2L, PRn2H) (see 16.3 (3)) can not be acknowledged. Actual request acknowledgment
is controlled by the interrupt enable flag (IE).

Remark n=0, 1
Carry flag (CY)

This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out value
upon rotate instruction execution and functions as a bit accumulator during bit operation instruction execution.

Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal RAM area can be

set as the stack area.

Figure 3-14. Format of Stack Pointer

15 0
SP [SP15/SP14|SP13|SP12|SP11|SP10| SP9 |SP8 |SP7 |SP6 | SP5 [SP4 | SP3|SP2|SP1|SP0O

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restored) from
the stack memory.
Each stack operation saves data as shown in Figure 3-15.

Cautions 1. Since reset signal generation makes the SP contents undefined, be sure to initialize the SP

before using the stack.

2. The values of the stack pointer must be set to even numbers. If odd numbers are specified,
the least significant bit is automatically cleared to 0.

3. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space as a stack
area.

4. While using the self-programming function, the area of FFE20H to FFEFFH cannot be used
as a stack memory. Furthermore, the areas of FCFOOH to FD6FFH cannot be used with the
#PD78F1156 and 78F1156A.
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Figure 3-15. Data to Be Saved to Stack Memory

PUSH rp instruction PUSH PSW instruction
SP«SP-2 SP«SP-2
T T
SP-2 | Register pair lower SP-2 00H
T T
SP-1 | Register pair higher SP-1 PSW
T T
SP — SP —
CALL, CALLT instructions Interrupt, BRK instruction
(4-byte stack) (4-byte stack)
SP«SP-4 SP«SP-4
T T
SP-4 PC7 to PCO SP-4 PC7 to PCO
T T
SP-3 PC15 to PC8 SP-3 PC15to PC8
T T
SP-2 PC19 to PC16 SP-2 PC19to PC16
T T
SP-1 00H SP-1 PSW
0 T
SP — SP —

3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FFEEOH to FFEFFH) of the data memory. The
general-purpose registers consists of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H).

Each register can be used as an 8-bit register, and two 8-bit registers can also be used in a pair as a 16-bit register
(AX, BC, DE, and HL).

These registers can be described in terms of function names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and
absolute names (RO to R7 and RPO to RP3).

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because of
the 4-register bank configuration, an efficient program can be created by switching between a register for normal
processing and a register for interrupts for each bank.

Caution It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
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Figure 3-16. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FFEFFH
H
Register bank 0 HL
L
FFEF8H
D
Register bank 1 DE
E
FFEFOH
B
Register bank 2 BC
C
FFEE8H
A
Register bank 3 AX
X
FFEEOH
15 0 7
(b) Absolute name
16-bit processing 8-bit processing
FFEFFH
R7
Register bank 0 RP3
R6
FFEF8H
R5
Register bank 1 RP2
R4
FFEFOH
R3
Register bank 2 RP1
R2
FFEE8H
R1
Register bank 3 RPO
RO
FFEEOH
15 0 7
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3.2.3 ES and CS registers

The ES register is used for data access and the CS register is used to specify the higher address when a branch
instruction is executed.

The default value of the ES register after reset is OFH, and that of the CS register is 00H.

Figure 3-17. Configuration of ES and CS Registers

7 6 5 4 3 2 1 0
ES 0 0 0 0 ES3 ES2 ESH ESO

7 6 5 4 3 2 1 0
CS 0 0 0 0 CS3 | CP2 | CP1 CPO
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3.2.4 Special function registers (SFRs)

Unlike a general-purpose register, each SFR has a special function.

SFRs are allocated to the FFFOOH to FFFFFH area.

SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation
instructions. The manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

70

1-bit manipulation

Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand (sfr.bit). This
manipulation can also be specified with an address.

8-bit manipulation

Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (sfr). This
manipulation can also be specified with an address.

16-bit manipulation

Describe the symbol reserved by the assembler for the 16-bit manipulation instruction operand (sfrp). When
specifying an address, describe an even address.

Table 3-5 gives a list of the SFRs. The meanings of items in the table are as follows.

Symbol

Symbol indicating the address of a special function register. It is a reserved word in the RA78KOR, and is
defined as an sfr variable using the #pragma sfr directive in the CC78KOR. When using the RA78KOR,
ID78K0OR-QB, and SM+ for 78K0R, symbols can be written as an instruction operand.

R/W

Indicates whether the corresponding SFR can be read or written.

R/W: Read/write enable

R: Read only

W: Write only

Manipulable bit units

“\" indicates the manipulable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
After reset

Indicates each register status upon reset signal generation.

Caution Do not access addresses to which SFRs are not assigned.

Remark For extended SFRs (2nd SFRs), see 3.2.5 Extended special function registers (2nd SFRs: 2nd

Special Function Registers).
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Table 3-5. SFR List (1/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit
FFFOOH | Port register 0 PO R/W < v - 00H
FFFO1H | Port register 1 P1 R/W \ v - 00H
FFFO2H | Port register 2 P2 R/W \ v - 00H
FFFO3H | Port register 3 P3 R/W J y - 00H
FFFO4H | Port register 4 P4 R/W \ v - 00H
FFFO5H | Port register 5 P5 R/W S N - 00H
FFFO6H | Port register 6 P6 R/W \ v - 00H
FFFO7H | Port register 7 P7 R/W J y - 00H
FFFO9H | Port register 9 P9 R/W \ N - 00H
FFFOBH | Port register 11 P11 R/W \ v - 00H
FFFOCH | Port register 12 P12 R/W \ N - Undefined
FFFODH | Port register 13 P13 R/W \/ ~ - 00H
FFFOEH | Port register 14 P14 R/W N N — 0O0H
FFF10H | Serial data register 00 TXDO/ | SDR0O | R/W - N v 0000H
SI000
FFF11H - - -
FFF12H | Serial data register 01 RXDO0/ | SDRO1 | R/W - v v 0000H
SI001
FFF13H - - -
FFF14H | Serial data register 12 TXD3 | SDR12| R/W - y \ 0000H
FFF15H - - -
FFF16H | Serial data register 13 RXD3 | SDR13| R/W - v v 0000H
FFF17H - - -
FFF18H | Timer data register 00 TDROO R/W - - y 0000H
FFF19H
FFF1AH | Timer data register 01 TDRO1 R/W - - v 0000H
FFF1BH
FFF1CH | 8-bit D/A conversion value setting register 0 DACSO0 R/W \/ N - 00H
FFF1DH | 8-bit D/A conversion value setting register 1 DACS1 R/W \ v - 00H
FFF1EH | 10-bit A/D conversion result register ADCR R - - v 0000H
FFF1FH 8-bit A/D conversion result register | ADCRH R - N - 00H
FFF20H | Port mode register O PMO R/W \ v - FFH
FFF21H | Port mode register 1 PM1 R/W \ \/ - FFH
FFF22H | Port mode register 2 PM2 R/W S N - FFH
FFF23H | Port mode register 3 PM3 R/W J y - FFH
FFF24H | Port mode register 4 PM4 R/W \ v - FFH
FFF25H | Port mode register 5 PM5 R/W S v - FFH
FFF26H | Port mode register 6 PM6 R/W J y - FFH
FFF27H | Port mode register 7 PM7 R/W \ v - FFH
FFF29H | Port mode register 9 PM9 R/W \ \/ - FFH
FFF2BH | Port mode register 11 PM11 R/W S N - FFH
FFF2CH | Port mode register 12 PM12 R/W J y - FFH
FFF2EH | Port mode register 14 PM14 R/W J 3 - FFH
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Table 3-5. SFR List (2/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit
FFF30H | A/D converter mode register ADM R/W v \/ - 00H
FFF31H | Analog input channel specification register ADS R/W v \/ - 00H
FFF32H | D/A converter mode register DAM R/W y J - O0H
FFF37H | Key return mode register KRM R/W v \/ - O0H
FFF38H | External interrupt rising edge enable register 0 EGPO R/W v S - O0H
FFF39H | External interrupt falling edge enable register O EGNO R/W v \/ - 00H
FFF3AH | External interrupt rising edge enable register 1 EGP1 R/W v S - O00H
FFF3BH | External interrupt falling edge enable register 1 EGN1 R/W v \/ - 00H
FFF3CH | Input switch control register ISC R/W v \/ - 00H
FFF3EH | Timer input select register 0 TISO R/W y J - O0H
FFF44H | Serial data register 02 TXD1/ | SDR02 | R/W - \/ v 0000H
SIO010
FFF45H - - -
FFF46H | Serial data register 03 RXD1 | SDR03| R/W - \/ v 0000H
FFF47H - - -
FFF48H | Serial data register 10 TXD2/ | SDR10| R/W - J v 0000H
SI020
FFF49H - - -
FFF4AH | Serial data register 11 RXD2 | SDR11| R/W - \/ N 0000H
FFF4BH - - -
FFF50H | IIC shift register 0 1ICO R/W - J - 00H
FFF51H | IIC flag register O IICFO R/W 3 J - 00H
FFF52H | IIC control register 0 1ICCO R/W \ J - O0H
FFF53H | IIC slave address register 0 SVAO0 R/W - R - 00H
FFF54H | IIC clock select register 0 lICCLO R/W v «/ - 00H
FFF55H | IIC function expansion register 0 lICX0 R/W v S - 00H
FFF56H | IIC status register 0 11CS0 R y J - O0H
FFF64H | Timer data register 02 TDR02 R/W - - N 0000H
FFF65H
FFF66H | Timer data register 03 TDRO3 R/W - - N 0000H
FFF67H
FFF68H | Timer data register 04 TDRO0O4 R/W - - N 0000H
FFF69H
FFF6AH | Timer data register 05 TDRO5 R/W - - N 0000H
FFF6BH
FFF6CH | Timer data register 06 TDRO06 RW - - V 0000H
FFF6DH
FFF6EH | Timer data register 07 TDRO7 R/W - - N 0000H
FFF6FH
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Table 3-5. SFR List (3/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit
FFF90H | Sub-count register RSUBC R - - v 0000H
FFF91H
FFF92H | Second count register SEC R/W - N - 00H
FFF93H | Minute count register MIN R/W - y - 00H
FFF94H | Hour count register HOUR R/W - v - 12H M
FFF95H | Week count register WEEK RW - y - 00H
FFF96H | Day count register DAY R/W - N - 01H
FFF97H | Month count register MONTH R/W - v - 01H
FFF98H | Year count register YEAR R/W - N - 00H
FFF99H | Watch error correction register SUBCUD R/W - y - 00H
FFFOAH | Alarm minute register ALARMWM R/W - N - 00H
FFF9BH | Alarm hour register ALARMWH R/W - v - 12H
FFFOCH | Alarm week register ALARMWW R/W - N - 00H
FFFODH | Real-time counter control register O RTCCO R/W \ v - O0H
FFF9EH | Real-time counter control register 1 RTCC1 RW \ N - 00H
FFFOFH | Real-time counter control register 2 RTCC2 R/W \ v - 00H
FFFAOH | Clock operation mode control register CMC R/W - N - 00H
FFFA1H | Clock operation status control register CsC R/W \ v - COH
FFFA2H | Oscillation stabilization time counter status register | OSTC R \ N - 00H
FFFA3H | Oscillation stabilization time select register OSTS R/W - N - 07H
FFFA4H | System clock control register CKC R/W \ v - 09H
FFFA5H | Clock output select register 0 CKSO0 R/W \ v - 00H
FFFA6H | Clock output select register 1 CKS1 R/W J y - OOH
FFFA8H | Reset control flag register RESF R - v - 00H""*
FFFA9H | Low-voltage detection register LVIM R/W \ v - 00H""**
FFFAAH | Low-voltage detection level select register LVIS RW \ N - OEH""*
FFFABH | Watchdog timer enable register WDTE R/W - v - 1A/QA™"*
FFFACH - TTBLH"™"* - - - - Undefined
FFFADH
FFFAEH - TTBLL""® - - - - Undefined
FFFAFH
Notes 1. The value of this register is 00H if the AMPM bit (bit 3 of the RTCCO register) is set to 1 after reset.

2. The reset value of RESF varies depending on the reset source.

3. The reset value of LVIM varies depending on the reset source and the setting of the option byte.

4. The reset value of LVIS varies depending on the reset source.

5. The reset value of WDTE is determined by the setting of the option byte.

6. This SFR cannot be used by the user, so do not operate it directly.
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Table 3-5. SFR List (4/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit 16-bit
FFFBOH | DMA SFR address register 0 DSA0 R/W - v - 00H
FFFB1H | DMA SFR address register 1 DSA1 R/W - v - 00H
FFFB2H | DMA RAM address register OL DRAOL | DRAO | R/W - v J 00H
FFFB3H | DMA RAM address register OH DRAOH R/W - v 00H
FFFB4H | DMA RAM address register 1L DRA1L | DRA1 | R/W - v < 00H
FFFB5H | DMA RAM address register 1H DRA1H R/W - v 00H
FFFB6H | DMA byte count register OL DBCOL | DBCO | RW - v \ O0H
FFFB7H | DMA byte count register OH DBCOH R/wW - y 00H
FFFB8H | DMA byte count register 1L DBC1iL | DBC1 | RW - v \ O0H
FFFB9H | DMA byte count register 1H DBC1H R/W - y 00H
FFFBAH | DMA mode control register 0 DMCO R/W \/ v - 00H
FFFBBH | DMA mode control register 1 DMCH RW \ v - 00H
FFFBCH | DMA operation control register 0 DRCO R/W \/ v - 00H
FFFBDH | DMA operation control register 1 DRC1 R/W S v - 00H
FFFBEH | Back ground event control register BECTL RW \/ v - 00H
FFFCOH - PFCMD"™* - - - - Undefined
FFFC2H - PFS" - - - - Undefined
FFFC4H - FLPMC"™* - - - - Undefined
FFFDOH | Interrupt request flag register 2L IF2L | IF2 R/W N v \ O0H
FFFD1H | Interrupt request flag register 2H IF2H R/W \/ v 00H
FFFD4H | Interrupt mask flag register 2L MK2L | MK2 R/W J y J FFH
FFFD5H | Interrupt mask flag register 2H MK2H R/W \/ v FFH
FFFD8H | Priority specification flag register 02L PRO2L | PRO2 | R/W J y J FFH
FFFD9H | Priority specification flag register 02H PRO2H R/W \/ v FFH
FFFDCH | Priority specification flag register 12L PR12L | PR12 | R/W J y J FFH
FFFDDH | Priority specification flag register 12H PR12H R/W N v FFH
FFFEOH | Interrupt request flag register OL IFOL | IFO RW S v < 00H
FFFE1H | Interrupt request flag register OH IFOH RW N v 00H
FFFE2H | Interrupt request flag register 1L IFIL | IF1 R/W S v < 00H
FFFE3H | Interrupt request flag register 1H IF1H RW N v 00H
FFFE4H | Interrupt mask flag register OL MKOL | MKO R/W \/ v \ FFH
FFFE5H | Interrupt mask flag register OH MKOH R/W J y FFH
FFFE6H | Interrupt mask flag register 1L MK1L | MK1 R/W \/ v \ FFH
FFFE7H | Interrupt mask flag register 1H MK1H R/W J y FFH
FFFESH | Priority specification flag register 00L PROOL | PROO | R/W \/ v \ FFH
FFFE9QH | Priority specification flag register 00H PROOH R/W S v FFH
FFFEAH | Priority specification flag register 01L PRO1L | PRO1 R/W \/ v \ FFH
FFFEBH | Priority specification flag register 01H PRO1TH R/W S v FFH
FFFECH | Priority specification flag register 10L PR10OL | PR10 | R/W N v \ FFH
FFFEDH | Priority specification flag register 10H PR10H R/W \/ v FFH
Note Do not directly operate this SFR, because it is to be used in the self programming library.
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Table 3-5. SFR List (5/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FFFEEH | Priority specification flag register 11L PR11L | PR11 R/W y y J FFH

FFFEFH | Priority specification flag register 11H PR11H R/W N v FFH

FFFFOH | Multiplication input data register A MULA R/W - - \ 0000H

FFFF1H

FFFF2H | Multiplication input data register B MULB R/W - - \ 0000H

FFFF3H

FFFF4H | Higher multiplication result storage register MULCH R - - \ 0000H

FFFF5H

FFFF6H | Lower multiplication result storage register MULOL R - - \ 0000H

FFFF7H

FFFFEH | Processor mode control register PMC R/W v v - 00H

Remark For extended SFRs (2nd SFRs), see Table 3-6 Extended SFR (2nd SFR) List.
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3.2.5 Extended special function registers (2nd SFRs: 2nd Special Function Registers)

Unlike a general-purpose register, each extended SFR (2nd SFR) has a special function.

Extended SFRs are allocated to the FOOOOH to FO7FFH area. SFRs other than those in the SFR area (FFFOOH to
FFFFFH) are allocated to this area. An instruction that accesses the extended SFR area, however, is 1 byte longer

than an instruction that accesses the SFR area.

Extended SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation

instructions. The manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

1-bit manipulation

Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand (laddr16.bit). This
manipulation can also be specified with an address.

8-bit manipulation

Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (laddr16). This
manipulation can also be specified with an address.

16-bit manipulation

Describe the symbol reserved by the assembler for the 16-bit manipulation instruction operand (laddr16). When
specifying an address, describe an even address.

Table 3-6 gives a list of the extended SFRs. The meanings of items in the table are as follows.

Symbol

Symbol indicating the address of an extended SFR. It is a reserved word in the RA78KO0R, and is defined as an
sfr variable using the #pragma sfr directive in the CC78KOR. When using the RA78KO0R, ID78KOR-QB, and
SM+ for 78K0R, symbols can be written as an instruction operand.

R/W

Indicates whether the corresponding extended SFR can be read or written.

R/W: Read/write enable

R:  Read only

W:  Write only

Manipulable bit units

“\" indicates the manipulable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
After reset

Indicates each register status upon reset signal generation.

Caution Do not access addresses to which the 2nd SFR is not assigned.

Remark For SFRs in the SFR area, see 3.2.4 Special function registers (SFRs).
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Table 3-6. Extended SFR (2nd SFR) List (1/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit
FO0017H | A/D port configuration register ADPC R/W - v - 10H
FOO30H | Pull-up resistor option register 0 PUO R/W \/ 3 - 00H
FOO031H | Pull-up resistor option register 1 PU1 RW N v - 00H
FOO33H Pull-up resistor option register 3 PU3 R/W v Y - O0H
FO034H | Pull-up resistor option register 4 PU4 R/W \/ 3 - 00H
FO035H | Pull-up resistor option register 5 PU5 RW v v - 00H
FO037H | Pull-up resistor option register 7 PU7 RW N v - 00H
FOO39H Pull-up resistor option register 9 PU9 R/W v Y - O0H
FOO3CH | Pull-up resistor option register 12 PU12 RW v v - 00H
FOO3EH | Pull-up resistor option register 14 PU14 RW v v - 00H
FO0040H Port input mode register 0 PIMO R/W N v - 00H
FO044H | Port input mode register 4 PIM4 RW \/ 3 - 00H
FOO4EH | Port input mode register 14 PIM14 RW v v - 00H
FO050H | Port output mode register 0 POMO R/W \/ y - 00H
F0054H | Port output mode register 4 POM4 R/W v v - 00H
FOOSEH | Port output mode register 14 POM14 R/W V y - 00H
FOO60H | Noise filter enable register 0 NFENO R/W N v - 00H
FO061H | Noise filter enable register 1 NFEN1 R/W N v - 00H
FOOFOH | Peripheral enable register 0 PERO R/W \/ 3 - 00H
FOOF2H | Internal high-speed oscillator trimming register HIOTRM R/W - v - 10H
FOOF3H | Operation speed mode control register OsMC R/W - v - 00H
FOOF4H | Regulator mode control register RMC R/W - v - 00H
FOOFEH | BCD adjust result register BCDADJ - N - Undefined
FO100H | Serial status register 00 SSROOL| SSR00 | R - v J 0000H
FO101H - - _
FO102H | Serial status register 01 SSRO01L| SSRO1 R - v S 0000H
FO103H - - _
FO104H | Serial status register 02 SSR02L{ SSR02 | R - V J 0000H
FO105H - - _
FO106H | Serial status register 03 SSRO3L| SSR03| R - y J 0000H
FO107H - - _
FO108H | Serial flag clear trigger register 00 SIROOL | SIR0O | R/W - v \ 0000H
FO109H - - _
FO10AH | Serial flag clear trigger register 01 SIRO1L | SIRO1 | RW - v \ 0000H
FO10BH - - _
FO10CH | Serial flag clear trigger register 02 SIR02L | SIR02 | R/W - v S 0000H
FO10DH - - _
FO10EH | Serial flag clear trigger register 03 SIRO3L | SIR03 | R/W - v \ 0000H
FO10FH - - _

User's Manual U17893EJ8VOUD

77




CHAPTER 3 CPU ARCHITECTURE

Table 3-6. Extended SFR (2nd SFR) List (2/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FO110H | Serial mode register 00 SMRO00 R/W - - \ 0020H
FO111H
FO112H | Serial mode register 01 SMRO01 R/W - - \ 0020H
FO113H
FO114H | Serial mode register 02 SMRO02 R/W - - \ 0020H
FO115H
FO116H | Serial mode register 03 SMRO03 R/W - - \ 0020H
FO117H
FO118H | Serial communication operation setting register 00 | SCR00 R/W - - \ 0087H
FO119H
FO11AH | Serial communication operation setting register 01 SCRO1 R/W - - \ 0087H
FO11BH
FO11CH | Serial communication operation setting register 02 | SCR02 R/W - - \ 0087H
FO11DH
FO11EH | Serial communication operation setting register 03 | SCR03 R/W - - \ 0087H
FO11FH
FO120H | Serial channel enable status register 0 SEOL | SEO R \ v \ 0000H
FO121H - - -
FO122H | Serial channel start trigger register 0 SSoL | SSso R/W \/ v \ 0000H
FO123H - - -
FO124H | Serial channel stop trigger register 0 STOL | STO RW d v \ 0000H
FO125H - - -
FO126H | Serial clock select register 0 SPSOL | SPSO | R/W - v \ 0000H
FO127H - - -
FO128H | Serial output register 0 SO0 R/W - - \/ OFOFH
FO129H
FO12AH | Serial output enable register 0 SOEOL | SOE0 | RW \ v \ 0000H
FO12BH - - -
FO134H | Serial output level register 0 SOLOL | SOLO | RW - v \ 0000H
FO135H - - -
FO140H | Serial status register 10 SSR10L{ SSR10 | R - v \ 0000H
FO141H - - -
FO142H | Serial status register 11 SSR11L| SSR11 R - v < 0000H
FO143H - - -
FO144H | Serial status register 12 SSR12L{ SSR12 | R - V J 0000H
FO145H - - -
FO146H | Serial status register 13 SSR13L SSR13 | R - v \ 0000H
FO147H - - -
FO0148H | Serial flag clear trigger register 10 SIR10L | SIR10 | R/W - v \ 0000H
FO149H - - -
FO14AH | Serial flag clear trigger register 11 SIR11L | SIR11 R/wW - y J 0000H
FO14BH - - -
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Table 3-6. Extended SFR (2nd SFR) List (3/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FO14CH | Serial flag clear trigger register 12 SIR12L| SIR12 | R/W - v \ 0000H
FO14DH - - -
FO14EH | Serial flag clear trigger register 13 SIR13L| SIR13 | R/W - y J 0000H
FO14FH - - -
FO150H | Serial mode register 10 SMR10 R/W - - \ 0020H
FO151H
FO152H | Serial mode register 11 SMR11 R/W - - \ 0020H
FO153H
FO0154H | Serial mode register 12 SMR12 R/W - - S 0020H
FO155H
FO156H | Serial mode register 13 SMR13 R/W - - \ 0020H
FO157H
FO158H | Serial communication operation setting register 10 | SCR10 R/W - - \ 0087H
FO159H
FO15AH | Serial communication operation setting register 11 SCR11 R/W - - \ 0087H
FO15BH
FO15CH | Serial communication operation setting register 12 | SCR12 R/W - - \ 0087H
FO15DH
FO15EH | Serial communication operation setting register 13 | SCR13 R/W - - \ 0087H
FO15FH
FO160H | Serial channel enable status register 1 SE1L | SEt1 R N v \ 0000H
FO161H - - -
FO162H | Serial channel start trigger register 1 SS1L | SSt R/W N v S 0000H
FO163H - - -
FO164H | Serial channel stop trigger register 1 STIL |ST1 R/W N v \ 0000H
FO165H - - -
FO166H | Serial clock select register 1 SPS1L | SPS1 | RW - v \ 0000H
FO167H - - -
FO0168H | Serial output register 1 SO1 R/W - - \ OFOFH
FO169H
FO16AH | Serial output enable register 1 SOEI1L | SOE1L| RW N v \ 0000H
FO16BH - - -
FO174H | Serial output level register 1 SOL1L | SOL1L | RW - v \ 0000H
FO175H - - -
FO180H | Timer counter register 00 TCRO00 R - - \ FFFFH
FO181H
FO0182H | Timer counter register 01 TCRO1 R - - \ FFFFH
FO183H
FO184H | Timer counter register 02 TCRO02 R - - \ FFFFH
FO185H
FO186H | Timer counter register 03 TCRO03 R - - \ FFFFH
FO187H
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Table 3-6. Extended SFR (2nd SFR) List (4/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FO188H | Timer counter register 04 TCR04 R - - \ FFFFH

FO189H

FO18AH | Timer counter register 05 TCRO05 R - - \ FFFFH

FO18BH

FO18CH | Timer counter register 06 TCRO06 R - - \ FFFFH

FO18DH

FO18EH | Timer counter register 07 TCRO07 R - - \ FFFFH

FO18FH

FO190H | Timer mode register 00 TMRO00 R/W - - \ 0000H

FO191H

FO192H | Timer mode register 01 TMRO1 R/W - - \ 0000H

FO193H

FO194H | Timer mode register 02 TMRO02 R/W - - \ 0000H

FO195H

FO196H | Timer mode register 03 TMRO3 R/W - - \ 0000H

FO197H

FO198H | Timer mode register 04 TMRO04 RW - - \ 0000H

FO199H

FO19AH | Timer mode register 05 TMRO05 R/W - - \ 0000H

FO19BH

FO19CH | Timer mode register 06 TMRO06 R/W - - \/ 0000H

FO19DH

FO19EH | Timer mode register 07 TMRO7 R/W - - \ 0000H

FO19FH

FO1AOH | Timer status register 00 TSROOL| TSRO0 R - v \ 0000H

FO1A1H - - -

FO1A2H | Timer status register 01 TSRO1L| TSRO1 R - v \ 0000H

FO1A3H - - -

FO1A4H | Timer status register 02 TSRO02L| TSR02 R - v \ 0000H

FO1A5H - - -

FO1A6H | Timer status register 03 TSRO3L| TSRO3 | R - v \ 0000H

FO1A7H - - -

FO1A8H | Timer status register 04 TSR04L| TSR04 | R - v < 0000H

FO1A9H - - -

FO1AAH | Timer status register 05 TSRO5L| TSRO5 | R - V J 0000H

FO1ABH - - -

FO1ACH | Timer status register 06 TSRO6L| TSR06 | R - v \ 0000H

FO1ADH - - -

FO1AEH | Timer status register 07 TSRO7L| TSRO7 | R - v \ 0000H

FO1AFH - - -
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Table 3-6. Extended SFR (2nd SFR) List (5/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit | 16-bit

FO1BOH | Timer enable status register 0 TEOL | TEO R v v \ 0000H
FO1B1H - - -

FO1B2H | Timer start trigger register 0 TSOL | TSO RW N v \ 0000H
FO1B3H _ _ _

FO1B4H | Timer stop trigger register O TTOL | TTO R/W v v \ 0000H
FO1B5H - - -

FO1B6H | Timer clock select register 0 TPSOL | TPSO | R/W - v \ 0000H
FO1B7H _ _ _

FO1B8H | Timer output register 0 TOOL | TOO RW - v \ 0000H
FO1B9H - - -

FO1BAH | Timer output enable register 0 TOEOL | TOEO | RW N v \ 0000H
FO1BBH — _ _

FO1BCH | Timer output level register 0 TOLOL | TOLO | R/W - v \ 0000H
FO1BDH - - -

FO1BEH | Timer output mode register 0 TOMOL | TOMO | R/W - v \ 0000H
FO1BFH - - -

Remark For SFRs in the SFR area, see Table 3-5 SFR List.
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3.3 Instruction Address Addressing

3.3.1 Relative addressing

[Function]

Relative addressing stores in the program counter (PC) the result of adding a displacement value included in the
instruction word (signed complement data: —128 to +127 or —32768 to +32767) to the program counter (PC)’s
value (the start address of the next instruction), and specifies the program address to be used as the branch

destination. Relative addressing is applied only to branch instructions.

Figure 3-18. Outline of Relative Addressing

PC

()

OP code

3.3.2 Immediate addressing

[Function]

Immediate addressing stores immediate data of the instruction word in the program counter, and specifies the

_|_

A

program address to be used as the branch destination.

For immediate addressing, CALL !!addr20 or BR !!addr20 is used to specify 20-bit addresses and CALL !addr16

or BR laddr16 is used to specify 16-bit addresses. 0000 is set to the higher 4 bits when specifying 16-bit

addresses.

DISPLACE

Figure 3-19. Example of CALL !!laddr20/BR !'addr20

PC

OP code

Low Addr.

High Addr.

Seg Addr.

Figure 3-20. Example of CALL !addr16/BR !addr16

PC PCs

PCn

PCL

|

0000

8/16 bits

OP code

Low Addr.

High Addr.
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3.3.3 Table indirect addressing

[Function]

Table indirect addressing specifies a table address in the CALLT table area (0080H to 00BFH) with the 5-bit
immediate data in the instruction word, stores the contents at that table address and the next address in the

program counter (PC) as 16-bit data, and specifies the program address. Table indirect addressing is applied
only for CALLT instructions.

In the 78KOR microcontrollers, branching is enabled only to the 64 KB space from 00000H to OFFFFH.

Figure 3-21. Outline of Table Indirect Addressing

OP code

Low Addr.

00000000 (10 0 [:
High Addr.

Table address
Memory
0000
PC PCs | PCh | PCL
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3.3.4 Register direct addressing

[Function]
Register direct addressing stores in the program counter (PC) the contents of a general-purpose register pair

(AX/BC/DE/HL) and CS register of the current register bank specified with the instruction word as 20-bit data,
and specifies the program address. Register direct addressing can be applied only to the CALL AX, BC, DE, HL,

and BR AX instructions.

Figure 3-22. Outline of Register Direct Addressing

OP code

Cs p

PC PCs PCH PCL
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3.4 Addressing for Processing Data Addresses

3.4.1 Implied addressing

[Function]
Instructions for accessing registers (such as accumulators) that have special functions are directly specified with
the instruction word, without using any register specification field in the instruction word.

[Operand format]
Because implied addressing can be automatically employed with an instruction, no particular operand format
is necessary.
Implied addressing can be applied only to MULU X.

Figure 3-23. Outline of Implied Addressing

OP code A register

Memory
3.4.2 Register addressing
[Function]
Register addressing accesses a general-purpose register as an operand. The instruction word of 3-bit long is

used to select an 8-bit register and the instruction word of 2-bit long is used to select a 16-bit register.

[Operand format]

Identifier Description
r X,A,C,B,ED,LH
p AX, BC, DE, HL

Figure 3-24. Outline of Register Addressing

OP code Register

Memory
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3.4.3 Direct addressing
[Function]
Direct addressing uses immediate data in the instruction word as an operand address to directly specify the

target address.

[Operand format]

Identifier Description

ADDR16 Label or 16-bit immediate data (only the space from FOOOOH to FFFFFH is specifiable)

ES: ADDR16 | Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 3-25. Example of ADDR16

FFFFFH
OP code
Low Addr. — [
Target memory
High Addr. — [ --=-=----
FOOOOH
Memory
Figure 3-26. Example of ES:ADDR16
FFFFFH
OP code
Low Addr. —T— - ; - - - -
arget memory
High Addr. S
00000H
Memory
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3.4.4 Short direct addressing
[Function]
Short direct addressing directly specifies the target addresses using 8-bit data in the instruction word. This type

of addressing is applied only to the space from FFE20H to FFF1FH.

[Operand format]

Identifier Description

SADDR Label, FFE20H to FFF1FH immediate data, or OFE20H to OFF1FH immediate data
(only the space from FFE20H to FFF1FH is specifiable)

SADDRP Label, FFE20H to FFF1FH immediate data, or OFE20H to OFF1FH immediate data (even address only)
(only the space from FFE20H to FFF1FH is specifiable)

Figure 3-27. Outline of Short Direct Addressing

OP code

________ FFF1FH
saddr saddr

FFE20H

Memory

Remark SADDR and SADDRP are used to describe the values of addresses FE20H to FF1FH with 16-bit
immediate data (higher 4 bits of actual address are omitted), and the values of addresses FFE20H to
FFF1FH with 20-bit immediate data.
Regardless of whether 16-bit or 20-bit immediate data is used, addresses within the space from FFE20H
to FFF1FH are specified for the memory.
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3.4.5 SFR addressing
[Function]
SFR addressing directly specifies the target SFR addresses using 8-bit data in the instruction word. This type of

addressing is applied only to the space from FFFOOH to FFFFFH.

[Operand format]

Identifier Description
SFR SFR name
SFRP 16-bit-manipulatable SFR name (even address only)

Figure 3-28. Outline of SFR Addressing

FFFFFH

OP code —I_. SFR ¢
srR 1  F------- FFFOOH

Memory
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3.4.6 Register indirect addressing

[Function]

Register indirect addressing directly specifies the target addresses using the contents of the register pair

specified with the instruction word as an operand address.

[Operand format]

Identifier

Description

[DE], [HL] (only the space from FOOOOH to FFFFFH is specifiable)

ES:[DE], ES:[HL] (higher 4-bit addresses are specified by the ES register)

Figure 3-29. Example of [DE], [HL]

FFFFFH
OP code I——I p I—» Target memory
FOOO0OH
Memory
Figure 3-30. Example of ES:[DE], ES:[HL]
FFFFFH
OP code I—»l p I Target memory
00000H
Memory
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3.4.7 Based addressing

[Function]
Based addressing uses the contents of a register pair specified with the instruction word as a base address, and
8-bit immediate data or 16-bit immediate data as offset data. The sum of these values is used to specify the
target address.

[Operand format]

Identifier Description

- [HL + byte], [DE + byte], [SP + byte] (only the space from FOO0OH to FFFFFH is specifiable)

- word[B], word[C] (only the space from FOOOOH to FFFFFH is specifiable)

- word[BC] (only the space from FOOOOH to FFFFFH is specifiable)

- ES:[HL + byte], ES:[DE + byte] (higher 4-bit addresses are specified by the ES register)

- ES:word[B], ES:word[C] (higher 4-bit addresses are specified by the ES register)

- ES:word[BC] (higher 4-bit addresses are specified by the ES register)

Figure 3-31. Example of [SP+byte]

FFFFFH

(D) T e

FOOOOH

OP code

byte

Memory
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Figure 3-32. Example of [HL + byte], [DE + byte]

FFFFFH
rp (HL/DE) a Target memory
OP code FOOOOH
byte
Memory
Figure 3-33. Example of word[B], word[C]
FFFFFH
r (B/C) e Target memory
OP code FOOOOH
Low Addr. —
High Addr. _—_—
Memory
Figure 3-34. Example of word[BC]
FFFFFH
rp (BC) e Target memory
OP code FOOOOH
Low Addr. —
High Addr. _—_—
Memory
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92

Figure 3-35. Example of ES:[HL + byte], ES:[DE + byte]

FFFFFH
rp (HL/DE) Target memory
OP code
00000H
byte Memory

Figure 3-36. Example of ES:word[B], ES:word[C]

FFFFFH
r (B/C) Target memory
OP code
00000H
Low Addr.
Memory
High Addr.
Figure 3-37. Example of ES:word[BC]
FFFFFH
rp (BC) Target memory
OP code
00000H
Low Addr.
Memory
High Addr.
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3.4.8 Based indexed addressing

[Function]
Based indexed addressing uses the contents of a register pair specified with the instruction word as the base
address, and the content of the B register or C register similarly specified with the instruction word as offset
address. The sum of these values is used to specify the target address.

[Operand format]

Identifier Description

- [HL+B], [HL+C] (only the space from FOOOOH to FFFFFH is specifiable)

- ES:[HL+B], ES:[HL+C] (higher 4-bit addresses are specified by the ES register)

Figure 3-38. Example of [HL+B], [HL+C]

FFFFFH
| OP code |

FOOOOH

Memory

Figure 3-39. Example of ES:[HL+B], ES:[HL+C]

FFFFFH

| OP code |

rp (HL)

00000H

Memory
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3.4.9 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) contents. This addressing is automatically
employed when the PUSH, POP, subroutine call, and return instructions are executed or the register is
saved/restored upon generation of an interrupt request.
Stack addressing is applied only to the internal RAM area.

[Operand format]

Identifier Description

- PUSH AX/BC/DE/HL
POP AX/BC/DE/HL
CALL/CALLT

RET

BRK

RETB
(Interrupt request generated)

RETI
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CHAPTER 4 PORT FUNCTIONS

There are four types of pin I/O buffer power supplies: AVRrero, AVRer1, EVop, and Vopo. The relationship between

these power supplies and the pins is shown below.

Table 4-1. Pin I/0O Buffer Power Supplies

Power Supply Corresponding Pins
AVRero P20 to P27
AVRerF1 P110, P111
EVop ¢ Port pins other than P20 to P27, P110, P111, and P121 to P124
e RESET pin and FLMDO pin
Vob e P121 to P124
¢ Pins other than port pins (except RESET pin and FLMDO pin )

78KOR/KF3 products are provided with the ports shown in Figure 4-1, which enable variety of control operations.
The functions of each port are shown in Table 4-2.

In addition to the function as digital 1/O ports, these ports have several alternate functions.

alternate functions, see CHAPTER 2 PIN FUNCTIONS.

Port 6

Port 7

Port 9

Port 11 {

Port 12
Port 13

Port 14

Figure 4-1. Port Types

~— 1 P60

-~ P67

-— 1 P70

~— P77
-~ P90

-— P110

-~ P111

~— | P120

—— P124
~—| P10

- | P140

- P145

P00

P06
P10

P17
P20

P27

P30
P31

P40

P47
P50

P55
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Port 2

} Port 3

Port 4

Port 5

For details of the
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Table 4-2. Port Functions (1/2)

Function Name /0 Function After Reset Alternate Function

P00 110 Port 0. Input port TIOO

o2 Input of PO3 and P04 can be set to TTL input buffer. SO10/TxD1
Output of P02 to P04 can be set to N-ch open-drain output X

P03 (Voo tolerance). SI10/RxD1/SDA10

P04 Input/output can be specified in 1-bit units. SCK10/SCL10

P05 Use of an on.-ch|p pull-up resistor can be specified by a T105/TO05
software setting.

P06 TI06/TO06

P10 110 Port 1. Input port SCKO00

P11 8-bit I/O port. SI100/RxDO0
Input/output can be specified in 1-bit units.

P12 . . - SO00/TxD0
Use of an on-chip pull-up resistor can be specified by a

P13 software setting. TxD3

P14 RxD3

P15 RTCDIV/RTCCL

P16 TIO1/TOO01/INTP5

P17 T102/TO02

P20 to P27 1/0 Port 2. Digital input | ANIO to ANI7
8-bit I/0 port. port
Input/output can be specified in 1-bit units.

P30 /0 Port 3. Input port RTC1HZ/INTP3
2-bit I/0 port.
Input/output can be specified in 1-bit units.

P31 Use of an on-chip pull-up resistor can be specified by a TIO3/TOO3/INTP4
software setting.

P4Q™* /10 Port 4. Input port TOOLO

P41 8-bit 1/0 port. TOOLA1

a2 Input of P43 and P44 can be set to TTL input buffer. T104/T004
Output of P43 and P45 can be set to N-ch open-drain output 0 0

P43 (Voo tolerance). SCKO1

P44 Input/output can be specified in 1-bit units. S101

P45 Use of an on'-chlp pull-up resistor can be specified by a S001
software setting.

P46 -

P47 -

P50 110 Port 5. Input port INTP1

P51 6-bit I/O port. INTP2

b Input/output can be specified in 1-bit units.

52 Use of an on-chip pull-up resistor can be specified by a _

P53 software setting. -

P54 -

P55 -

Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally

(see Caution in 2.2.5 P40 to P47 (port 4)).
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Table 4-2. Port Functions (2/2)

Function Name /0 Function After Reset Alternate Function
P60 110 Port 6. Input port SCLO
Output of P60 to P63 can be set to N-ch open-drain output (6
P62 -
V tolerance).
P63 Input/output can be specified in 1-bit units. -
P64 For only P64 to P67, use of an on-chip pull-up resistor can be _
P65 specified by a software setting. ~
P66 -
P67 _
P70 to P73 1/0 Port 7. Input port KRO to KR3
8-bit I/O port.
Input/output can be specified in 1-bit units.
P74 to P77 . . - KR4/INTP8 to
Use of an on-chip pull-up resistor can be specified by a
. KR7/INTP11
software setting.
P90 110 Port 9. Input port -
1-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P110 1/0 Port 11. Input port ANOO
2-bit 1/0 port.
P11 Input/output can be specified in 1-bit units. ANOT
P120 110 Port 12. Input port INTPO/EXLVI
P121 Input 1-bit I/O port and 4-bit input port. X1
For only P120, use of an on-chip pull-up resistor can be
P122 - . X2/EXCLK
specified by a software setting.
P123 XT1
P124 XT2
P130 Output | Port 13. Output port -
1-bit output port.
P140 110 Port 14. Input port PCLBUZ0/INTP6
P141 6-bit I/O port. PCLBUZ1/INTP7
b Input of P142 and P143 can be set to TTL input buffer. SOKZ0/SOL
142 Output of P142 to P144 can be set to the N-ch open-drain SCK20/SCL20
P143 output (VDD 10|erance)_ SI120/RxD2/SDA20
P144 Input/output can be specified in 1-bit units. S020/TxD2
P145 Use of an on-chip pull-up resistor can be specified by a TI07/TO07

software setting.
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4.2 Port Configuration

Ports include the following hardware.

Table 4-3. Port Configuration

Iltem

Configuration

Control registers

Port mode registers (PM0 to PM7, PM9, PM11, PM12, PM14)

Port registers (PO to P7, P9, P11 to P14)

Pull-up resistor option registers (PUO, PU1, PU3 to PU7, PU9, PU12, PU14)
Port input mode registers (PIMO, PIM4, PIM14)

Port output mode registers (POMO0, POM4, POM14)

A/D port configuration register (ADPC)

Port

Total: 70 (CMOS 1/0: 61, CMOS input: 4, CMOS output: 1, N-ch open drain 1/O: 4)

Pull-up resistor

Total: 51
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4.21 Port0

Port 0 is a 7-bit I/O port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units
using port mode register 0 (PM0). When the P00 to P06 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 0 (PUO).

Input to the P03 and P04 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units

using port input mode register 0 (PIMO).

Output from the P02 to P04 pins can be specified as N-ch open-drain output (Vop tolerance) in 1-bit units using

port output mode register 0 (POMO).

This port can also be used for timer 1/O, serial interface data 1/O, and clock 1/O.
Reset signal generation sets port 0 to input mode.

Figures 4-2 to 4-6 show block diagrams of port 0.

Cautions 1. To use P01/TO00, P05/TI05/TO05, or P06/TI06/TO06 as a general-purpose port, set bits 0, 5, 6
(TO00, TOO05, TOO06) of timer output register 0 (TOO0) and bits 0, 5, 6 (TOE00, TOE05, TOE06) of
timer output enable register 0 (TOEOQ) to “0”, which is the same as their default status setting.

2. To use P02/SO10/TxD1, P03/SI10/RxD1/SDA10, or P04/SCK10/SCL10 as a general-purpose
port, note the serial array unit 0 setting. For details, refer to the following tables.
e Table 12-7 Relationship Between Register Settings and Pins (Channel 2 of Unit 0: CSI10,

UART1 Transmission, lIC10)

o Table 12-8 Relationship Between Register Settings and Pins (Channel 3 of Unit 0: UART1

Figure 4-2. Block Diagram of P00

EVoo

Selector

[ —

SGEGES

P-ch

© POO/TIO0

Reception)
™1 WRe
PUO
PUOO
Alternate
function
RD
2 |
>
Qo
g WRPpoRT
ic} PO
£
Output latch
(P00)
WRem
PMO
PMO0O
I~/
PO: Port register 0

PUO: Pull-up resistor option register 0

PMO:  Port mode register O
RD: Read signal
WRxx: Write signal
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Figure 4-3. Block Diagram of P01

EVoo

P-ch

M  WRru
PUO
S PUO1 ) |
RD
Yai | % ;
N | Q
Q
(%) n
>
% WRPoRT
c PO
o
= A Output latch
~ (PO1)
WRem
PMO
S PMO1
Alternate
function
N
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx:  Write signal
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Figure 4-4. Block Diagram of P02

EVoo

] 1 © P02/SO10/TxD1

M-  WReu
PUO
S PUO2
RD
S
Vi | g L
(%] (]
a
= WRProRrT
£ PO
i)
£ A Output latch
~ (P02)
WRrom
POMO
S POMO02
WRem
PMO
S PMO02
Alternate
function
N
PO: Port register 0
PUOQ: Pull-up resistor option register 0
PMO:  Port mode register 0
POMO: Port output mode register 0
RD: Read signal
WRxx: Write signal
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Figure 4-5. Block Diagram of P03 and P04

B

Selector

»

EVoo

P-ch

© P03/SI10/RxD1/SDA10,

102

] WRPrim
PIMO
S PIMO3, PIM04
WRru
PUO
S PUO3, PUO4
Alternate
function
RD
[2]
=}
o
T S
j=
8
= WRProRT
PO
A Output latch
~ (P03, P04)
WRrom
POMO
S POMO03, POM04
WRpeM
PMO
S PMO03, PM04
Alternate
function
N
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
PIMO:  Port input mode register 0
POMO: Port output mode register 0
RD: Read signal
WRxx:  Write signal
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Figure 4-6. Block Diagram of P05 and P06

EVoo

o

e

P-ch

WReu
l PUO
O PUO05, PUO6
Alternate
function
RD
1 S
& | 3
[
%) n
]
2 WRProRT
g PO
(]
S A Output latch
< (P05, P06)
WRem
PMO
O PMO05, PM06
Alternate
function
N
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx:  Write signal
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4.2.2 Port1

Port 1 is an 8-bit I/0 port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units
using port mode register 1 (PM1). When the P10 to P17 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 1 (PU1).

This port can also be used for external interrupt request input, serial interface data 1/O, clock 1/O, timer 1/O, and
real-time counter clock output.

Reset signal generation sets port 1 to input mode.

Figures 4-7 to 4-11 show block diagrams of port 1.

Cautions 1. To use P10/SCKO00, P11/SI00/RxD0, P12/SO00/TxD0, P13/TxD3 or P14/RxD3 as a general-

purpose port, note the serial array unit setting. For details, refer to the following tables.

o Table 12-5 Relationship Between Register Settings and Pins (Channel 0 of Unit 0: CSI00,
UARTO Transmission)

o Table 12-6 Relationship Between Register Settings and Pins (Channel 1 of Unit 0: CSIO1,
UARTO Reception)

o Table 12-11 Relationship Between Register Settings and Pins (Channel 2 of Unit 1: UART3
Transmission)

¢ Table 12-12 Relationship Between Register Settings and Pins (Channel 3 of Unit 1: UART3
Reception)

2. To use P16/TI01/TOO01/INTP5 or P17/TI02/TO02 as a general-purpose port, set bits 1 and 2
(TOO01, TO02) of timer output register 0 (TO0) and bits 1 and 2 (TOE01, TOE02) of timer output
enable register 0 (TOEOQ) to “0”, which is the same as their default status setting.

3. To use P15/RTCDIV/RTCCL as a general-purpose port, set bit 4 (RCLOEO) of real-time counter
control register 0 (RTCCO) and bit 6 (RCLOE2) of real-time counter control register 2 (RTCC2)
to “0”, which is the same as their default status settings.
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Figure 4-7. Block Diagram of P10
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Figure 4-8. Block Diagram of P11 and P14
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CHAPTER 4 PORT FUNCTIONS

Figure 4-9. Block Diagram of P12 and P13
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Figure 4-10. Block Diagram of P15
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CHAPTER 4 PORT FUNCTIONS

Figure 4-11. Block Diagram of P16 and P17
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4.2.3 Port 2

Port 2 is an 8-bit I/0 port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units
using port mode register 2 (PM2).

This port can also be used for A/D converter analog input.

To use P20/ANIO to P27/ANI7 as digital input pins, set them in the digital /O mode by using the A/D port
configuration register (ADPC) and in the input mode by using PM2. Use these pins starting from the lower bit.

To use P20/ANIO to P27/ANI7 as digital output pins, set them in the digital I/O mode by using ADPC and in the
output mode by using PM2.

To use P20/ANIO to P27/ANI7 as analog input pins, set them in the analog input mode by using the A/D port
configuration register (ADPC) and in the input mode by using PM2. Use these pins starting from the upper bit.

Table 4-4. Setting Functions of P20/ANIO to P27/ANI7 Pins

ADPC PM2 ADS P20/ANIO to P27/ANI7 Pins
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Qutput mode Selects ANI. Setting prohibited
Does not select ANI.

All P20/ANIO to P27/ANI7 are set in the digital input mode when the reset signal is generated.
Figure 4-12 shows a block diagram of port 2.

Caution See 2.2.14 AVrero for the voltage to be applied to the AVrero pin when using port 2 as a digital 1/0.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-12. Block Diagram of P20 to P27
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4.2.4 Port3
Port 3 is a 2-bit I/0O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units

using port mode register 3 (PM3). When the P30 and P31 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 3 (PU3).

This port can also be used for external interrupt request input, timer 1/0, and real-time counter correction clock
output.

Reset signal generation sets port 3 to input mode.

Figure 4-13 shows block a diagram of port 3.

Cautions 1. To use P31/TI03/TO03/INTP4 as a general-purpose port, set bit 3 (TO03) of timer output
register 0 (TOO) and bit 3 (TOE03) of timer output enable register 0 (TOEO) to “0”, which is the
same as their default status setting.

2. To use P30/RTC1HZ/INTP3 as a general-purpose port, set bit 5 (RCLOE1) of Real-time counter
control register 0 (RTCCO) to “0”, which is the same as their default status setting.
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Figure 4-13. Block Diagram of P30 and P31
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4.2.5 Port 4

Port 4 is an 8-bit I1/0 port with a output latch. Port 4 can be set to the input mode or output mode in 1-bit units
using port mode register 4 (PM4). When the P40 to P47 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 4 (PU4)"".

Input to the P43 and P44 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 4 (PIM4).

Output from the P43 and P45 pins can be specified as N-ch open-drain output (Vop tolerance) in 1-bit units using
port output mode register 4 (POM4).

This port can also be used for serial interface data 1/O, clock I/O, flash memory programmer/debugger data 1/O,
clock output, and timer I/O.

Reset signal generation sets port 4 to input mode.
Figures 4-14 to 4-20 show block diagrams of port 4.

Note When a tool is connected, the P40 and P41 pins cannot be connected to a pull-up resistor.

Cautions 1. When a tool is connected, the P40 pin cannot be used as a port pin.

When the on-chip debug function is used, P41 pin can be used as follows by the mode setting
on the debugger.

1-line mode: can be used as a port (P41).
2-line mode: used as a TOOL1 pin and cannot be used as a port (P41).

2. To use P43/SCKO01, P44/SI01 or P45/SO01 as a general-purpose port, note the serial array unit
0 setting. For details, refer to Table 12-6 Relationship Between Register Settings and Pins
(Channel 1 of Unit 0: CSI01, UARTO reception).

3. To use P42/TI04/TO04 as a general-purpose port, set bit 4 (TO04) of timer output register 0
(TOO) and bit 4 (TOEO04) of timer output enable register 0 (TOEO) to “0”, which is the same as
their default status setting.
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Figure 4-14. Block Diagram of P40
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Figure 4-15. Block Diagram of P41
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Figure 4-16. Block Diagram of P42
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Figure 4-17. Block Diagram of P43
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Figure 4-18. Block Diagram of P44
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Figure 4-19. Block Diagram of P45
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Figure 4-20. Block Diagram of P46 and P47
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4.2.6 Port5

Port 5 is an 8-bit I/0 port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units
using port mode register 5 (PM5). When the P50 to P55 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 5 (PU5).

This port can also be used for external interrupt request input.

Reset signal generation sets port 5 to input mode.

Figures 4-21 and 4-22 show block diagrams of port 5.

Figure 4-21. Block Diagram of P50 and P51
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Figure 4-22. Block Diagram of P52 to P55
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4.2.7 Port6
Port 6 is an 8-bit I/0 port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units

using port mode register 6 (PM6). When the P64 to P67 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 6 (PUB6).

The output of the P60 to P63 pins is N-ch open-drain output (6 V tolerance).

This port can also be used for serial interface data 1/0, and clock 1/O.

Reset signal generation sets port 6 to input mode.

Figures 4-23 to 4-25 show block diagrams of port 6.

Caution When using P60/SCLO or P61/SDAO as a general-purpose port, stop the operation of serial
interface 11CO.

Figure 4-23. Block Diagram of P60 and P61
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Figure 4-24. Block Diagram of P62 and P63
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WRpu

Figure 4-25. Block Diagram of P64 to P67
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4.2.8 Port7
Port 7 is an 8-bit /0 port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units

using port mode register 7 (PM7). When used as an input port, use of an on-chip pull-up resistor can be specified in
1-bit units by pull-up resistor option register 7 (PU7).

This port can also be used for key return input and interrupt request input.

Reset signal generation sets port 7 to input mode.

Figure 4-26 shows a block diagram of port 7.

Figure 4-26. Block Diagram of P70 to P77
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4.2.9 Port9

Port 9 is a 1-bit I/O port with an output latch. Port 9 can be set to the input mode or output mode in 1-bit units
using port mode register 9 (PM9). When the P90 pin is used as an input port, use of an on-chip pull-up resistor can
be specified in 1-bit units by pull-up resistor option register 9 (PU9).

Reset signal generation sets port 9 to input mode.

Figure 4-27 shows a block diagram of port 9.
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Figure 4-27. Block Diagram of P90
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4.2.10 Port 11
Port 11 is a 2-bit I/O port with an output latch. Port 11 can be set to the input mode or output mode in 1-bit units

using port mode register 11 (PM11).
This port can also be used for D/A converter analog output.
Reset signal generation sets port 11 to input mode.
Figure 4-28 shows a block diagram of port 11.

Caution See 2.2.15 AVrer1 for the voltage to be applied to the AVrer1 pin when using P110 and P111 as a

digital I/O.
<R> Figure 4-28. Block Diagram of P110 and P111
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DACER: Bits 4 and 5 of D/A converter mode register (DAM) (n =0, 1)
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4.2.11 Port12

P120 is a 1-bit I/O port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit units
using port mode register 12 (PM12). When used as an input port, use of an on-chip pull-up resistor can be specified
by pull-up resistor option register 12 (PU12).

P121 to P124 are 4-bit input ports.

This port can also be used for external interrupt request input, potential input for external low-voltage detection,
connecting resonator for main system clock, connecting resonator for subsystem clock, and external clock input for

main system clock.

Reset signal generation sets port 12 to input mode.
Figures 4-29 to 4-31 show block diagrams of port 12.

Caution The function setting on P121 to P124 is available only once after the reset release. The port once
set for connection to an oscillator cannot be used as an input port unless the reset is performed.

Figure 4-29. Block Diagram of P120
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Figure 4-30. Block Diagram of P121 and P122
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Figure 4-31. Block Diagram of P123 and P124
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4.2.12 Port 13
P130 is a 1-bit output-only port with an output latch.

Figure 4-32 shows block diagrams of port 13.

Figure 4-32. Block Diagram of P130
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Remark When reset is effected, P130 outputs a low level. If P130 is set to output a high level before reset is
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4.2.13 Port 14

Port 14 is a 6-bit I/0 port with an output latch. Port 14 can be set to the input mode or output mode in 1-bit units
using port mode register 14 (PM14). When the P140 to P145 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 14 (PU14).

Input to the P142 and P143 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 14 (PIM14).

Output from the P142 to P144 pins can be specified as N-ch open-drain output (Voo tolerance) in 1-bit units using
port output mode register 14 (POM14).

This port can also be used for timer 1/O, external interrupt request input, clock/buzzer output, serial interface data
1/0, and clock 1/O.

Reset signal generation sets port 14 to input mode.

Figures 4-33 to 4-35 show block diagrams of port 14.

Cautions 1. To use P142/m/SCL20, P143/S120/RxD2/SDA20, P144/S020/TxD2 as a general-purpose
port, note the serial array unit setting. For details, refer to the following tables.
o Table 12-9 Relationship Between Register Settings and Pins (Channel 0 of Unit 1: CSI20,
UART2 Transmission, 11C20)
¢ Table 12-10 Relationship Between Register Settings and Pins (Channel 1 of Unit 1: UART2
Reception)

2. To use P145/TI07/TO07 as a general-purpose port, set bit 7 (TO07) of timer output register 0
(TOO0) and bit 7 (TOEQ7) of timer output enable register 0 (TOEOQ) to “0”, which is the same as
their default status setting.

3. To use P140/PCLBUZO/INTP6 or P141/PCLBUZ1/INTP7 as a general-purpose port, set bit 7 of
clock output select register 0 and 1 (CKS0, CKS1) to “0”, which is the same as their default
status setting.
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Figure 4-33. Block Diagram of P140, P141, and P145
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Figure 4-34. Block Diagram of P142 and P143
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PM14: Port mode register 14

PIM14: Port input mode register 14

POM14: Port output mode register 14
Read signal
Write signal

RD:

WRxx:
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Figure 4-35. Block Diagram of P144
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function
AN

P14: Port register 14

PU14: Pull-up resistor option register 14
PM14: Port mode register 14

POM14: Port output mode register 14

RD: Read signal

WRxx:  Write signal
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CHAPTER 4 PORT FUNCTIONS

4.3 Registers Controlling Port Function
Port functions are controlled by the following six types of registers.

e Port mode registers (PMO to PM7, PM9, PM11, PM12, PM14)

e Port registers (PO to P7, P9, P11 to P14)

o Pull-up resistor option registers (PUO, PU1, PU3 to PU7, PU9, PU12, PU14)
e Port input mode registers (PIMO, PIM4, PIM14)

e Port output mode registers (POM0, POM4, POM14)

o A/D port configuration register (ADPC)

(1) Port mode registers (PMO to PM7, PM9, PM11, PM12, PM14)
These registers specify input or output mode for the port in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.
When port pins are used as alternate-function pins, set the port mode register by referencing 4.5 Settings of
Port Mode Register and Output Latch When Using Alternate Function.
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Figure 4-36. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMO | 1 ‘ PMO06 ‘ PMO05 | PMO04 ‘ PMO03 ‘ PMO02 | PMO1 ‘ PMO00O | FFF20H FFH R/W
PM1 | PM17 ‘ PM16 ‘ PM15 | PM14 ‘ PM13 ‘ PM12 | PM11 ‘ PM10 | FFF21H FFH R/W
PM2 | PM27 ‘ PM26 ‘ PM25 | PM24 ‘ PM23 ‘ PM22 | PM21 ‘ PM20 | FFF22H FFH R/W
PM3 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM31 ‘ PM30 | FFF23H FFH R/W
PM4 | PM47 ‘ PM46 ‘ PM45 | PM44 ‘ PM43 ‘ PM42 | PM41 ‘ PM40 | FFF24H FFH R/W
PM5 | 1 ‘ 1 ‘ PM55 | PM54 ‘ PM53 ‘ PM52 | PM51 ‘ PM50 | FFF25H FFH R/W
PM6 | PM67 ‘ PM66 ‘ PM65 | PM64 ‘ PM63 ‘ PM62 | PM61 ‘ PM60 | FFF26H FFH R/W
PM7 | PM77 ‘ PM76 ‘ PM75 | PM74 ‘ PM73 ‘ PM72 | PM71 ‘ PM70 | FFF27H FFH R/W
PM9 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM90 | FFF29H FFH R/W
PM11 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM111 ‘ PM110 | FFF2BH FFH R/W
PM12 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM120 | FFF2CH FFH R/W
PM14 | 1 ‘ 1 ‘ PM145 | PM144 ‘ PM143 ‘ PM142 | PM141 ‘ PM140 | FFF2EH FFH R/W
PMmn Pmn pin /0 mode selection

(m=0t07,9,11,12,14;,n=01t07)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Caution Be sure to set bit 7 of PMO, bits 2 to 7 of PM3, bits 6 and 7 of PM5, bits 1 to 7 of PM9, bits 2 to 7 of
PM11, bits 1 to 7 of PM12, and bits 6 and 7 of PM14 to “1”.
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(2) Portregisters (PO to P7, P9, P11 to P14)
These registers write the data that is output from the chip when data is output from a port.
If the data is read in the input mode, the pin level is read. If it is read in the output mode, the output latch value is

read"".
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Note It is always O and never a pin level that is read out if a port is read during the input mode when P2 is set to
function as an analog input for a A/D converter or P11 is set to function as an analog output for a D/A

converter.
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P2

P3

P4

P5

P6

P7

P9

P11

P12

P13

P14

Figure 4-37. Format of Port Register

7 6 5 4 3 2 1 0 Address After reset R/W

0 | P06 | P05 | P04 | P03 | P02 | PO1 | P00 FFFOOH  OOH (output latch) R/W
P17 P16 ‘ P15 ‘ P14 | P13 ‘ P12 ‘ P11 ‘ P10 FFFO1H  OOH (output latch) R/W
P27 P26 ‘ P25 ‘ P24 | P23 ‘ P22 ‘ P21 ‘ P20 FFFO2H  OOH (output latch) R/W

0 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P31 ‘ P30 FFFO3H OOH (output latch) R/W
P47 P46 ‘ P45 ‘ P44 | P43 ‘ P42 ‘ P41 ‘ P40 FFFO4H  OOH (output latch) R/W

0 0 ‘ P55 ‘ P54 | P53 ‘ P52 ‘ P51 ‘ P50 FFFO5H  OOH (output latch) R/W
P67 | P66 ‘ P65 ‘ P64 | P63 ‘ P62 ‘ P61 ‘ P60 FFFO6H  OOH (output latch) R/W
P77 | P76 ‘ P75 ‘ P74 | P73 ‘ P72 ‘ P71 ‘ P70 FFFO7H  OOH (output latch) R/W

0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ P90 FFFO9H  OOH (output latch) R/W

0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P111 ‘ P110 FFFOBH 0O0H (output latch) R/W

0 | 0 ‘ 0 ‘ P124 | P123 ‘ P122 ‘ P121 ‘ P120 FFFOCH Undefined R/W"*®

0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ P130 FFFODH OOH (output latch) R/W

0 | 0 ‘ P145 ‘ P144 | P143 ‘ P142 ‘ P141 ‘ P140 FFFOEH O0OH (output latch) R/W
Pmn m=0t07,9,11to14;,n=0to 7

Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Qutput 1 Input high level

Note P121 to P124 are read-only.
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(3) Pull-up resistor option registers (PUO, PU1, PU3 to PU7, PU9, PU12, PU14)
These registers specify whether the on-chip pull-up resistors of P00 to P06, P10 to P17, P30, P31, P40 to P47,
P50 to P55, P64 to P67, P70 to P77, P90, P120, or P140 to P145 are to be used or not. On-chip pull-up resistors
can be used in 1-bit units only for the bits set to input mode of the pins to which the use of an on-chip pull-up
resistor has been specified in PUO, PU1, PU3 to PU7, PU9, PU12, and PU14. On-chip pull-up resistors cannot
be connected to bits set to output mode and bits used as alternate-function output pins, regardless of the settings
of PUO, PU1, PU3 to PU7, PU9, PU12, and PU14.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Figure 4-38. Format of Pull-up Resistor Option Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PUO | 0 | PU06 ‘ PUO5 ‘ PU04 | PUO3 ‘ PU02 ‘ PUO1

PUOO | FOO30H 00H R/W

PU1 | PU17 | PU16 ‘ PU15 ‘ PU14 | PU13 ‘ PU12 ‘ PU11 ‘ PU10 | FO031H 00H R/W
PU3 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU31 ‘ PU30 | FOO33H 00H R/W
PU4 | PU47 | PU46 ‘ PU45 ‘ PU44 | PU43 ‘ PU42 ‘ PU41 ‘ PU40 | FO034H 00H R/W
PU5 | 0 | 0 ‘ PU55 ‘ PU54 | PU53 ‘ PU52 ‘ PU51 ‘ PU50 | FOO35H 00H R/W
PU6 | PU67 | PU66 ‘ PU65 ‘ PU64 | 0 ‘ 0 ‘ 0 ‘ 0 | FO036H 00H R/W
PU7 | PU77 | PU76 ‘ PU75 ‘ PU74 | PU73 ‘ PU72 ‘ PU71 ‘ PU70 | FO037H O00H R/W
PU9 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU90 | FOO39H 00H R/W
PU12 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU120 | FOO3CH 00H R/W
PU14 | 0 | 0 ‘ PU145 ‘ PU144 | PU143 ‘ PU142 ‘ PU141 ‘ PU140 | FOO3EH 00H R/W
PUmn Pmn pin on-chip pull-up resistor selection

(m=0,1,3t07,9,12,14,n=01t07)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected
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(4) Port input mode registers (PIMO0, PIM4, PIM14)
These registers set the input buffer of P03, P04, P43, P44, P142, or P143 in 1-bit units.
TTL input buffer can be selected during serial communication with an external device of the different potential.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0H.

Figure 4-39. Format of Port Input Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

PIMO | 0 | 0 ‘ 0 ‘ PIMO04 | PIMO3 ‘ 0 ‘ 0 ‘ 0 | FO040H 00H R/W

PIM4 | 0 | 0 ‘ 0 ‘ PIM44 | PIM43 ‘ 0 ‘ 0 ‘ 0 | F0044H 00H R/W

PIM14 | 0 | 0 ‘ 0 ‘ 0 | PIM143 ‘ PIM142 ‘ 0 ‘ 0 | FOO4EH O00H R/W
PIMmn Pmn pin input buffer selection

(m=0,4,14;n=21t04)

0 Normal input buffer

1 TTL input buffer

(5) Port output mode registers (POM0, POM4, POM14)
These registers set the output mode of P02 to P04, P43, P45, or P142 to P144 in 1-bit units.
N-ch open drain output (Vop tolerance) mode can be selected during serial communication with an external
device of the different potential, and for the SDA10 and SDA20 pins during simplified I°C communication with an
external device of the same potential.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Figure 4-40. Format of Port Input Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset  R/W

rovo [ o | o | o |rowos|roves|romz] o | o | Fosn oo Rw

Pova | o | o |powss| o Pomss| o | o | o |FossaH oM AW

rowie [ 0 | o | o [rowmlrowslroma] o | o | roosen  oon  Aw
POMmn Pmn pin output mode selection

(m=0,4,14,n=2t05)

0 Normal output mode

1 N-ch open-drain output (Voo tolerance) mode
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(6) A/D port configuration register (ADPC)
This register switches the P20/ANIO to P27/ANI7 pins to digital I/O of port or analog input of A/D converter.
ADPC can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 10H.

Address: FOO17H  After reset: 10H R/W

Figure 4-41. Format of A/D Port Configuration Register (ADPC)

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 ADPC4 ADPC3 ‘ ADPC2 ‘ ADPCH ‘ ADPCO
ADPC4 | ADPC3 | ADPC2 | ADPC1 | ADPCO Analog input (A)/digital /O (D) switching
ANI7/ ANI6/ | ANI5/ | ANI4/ | ANI3/ | ANI2/ | ANI1/ | ANIO/
P27 P26 P25 P24 P23 P22 P21 P20
0 0 0 0 0 A A A A A A A A
0 0 0 0 1 A A A A A A A D
0 0 0 1 0 A A A A A A D D
0 0 0 1 1 A A A A A D D D
0 0 1 0 0 A A A A D D D D
0 0 1 0 1 A A A D D D D D
0 0 1 1 0 A A D D D D D D
0 0 1 1 1 A D D D D D D D
0 1 0 0 0 D D D D D D D D
1 0 0 0 0 D D D D D D D D
Other than above Setting prohibited
Cautions 1. Set the channel used for A/D conversion to the input mode by using port mode registers 2
(PM2).
2. Do not set the pin set by ADPC as digital I/O by analog input channel specification register
(ADS).
3. When all pins of ANIO/P20 to ANI7/P27 are used as digital I/0O (D), ADPC4 to ADPCO can be
set by either 01000 or 10000.
4. P20/ANIO to P27/ANI7 are set as analog inputs in the order of P27/ANI7, ..., P20/ANIO by the

A/D port configuration register (ADPC). When using P20/ANIO to P27/ANI7 as analog inputs,
start designing from P27/ANI7.
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to I/O port

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
A value is written to the output latch by a transfer instruction, but since the output buffer is off, the pin status does
not change.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

4.4.2 Reading from I/O port

(1) Output mode
The output latch contents are read by a transfer instruction. The output latch contents do not change.

(2) Input mode
The pin status is read by a transfer instruction. The output latch contents do not change.

4.4.3 Operations on I/O port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output
latch contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
The pin level is read and an operation is performed on its contents. The result of the operation is written to the
output latch, but since the output buffer is off, the pin status does not change.
The data of the output latch is cleared when a reset signal is generated.
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4.4.4 Connecting to external device with different power potential (2.5 V, 3 V)

When parts of ports 0, 4, and 14 operate with Voo = 4.0 V to 5.5 V, I/O connections with an external device that
operates on a 2.5 V or 3 V power supply voltage are possible.

Regarding inputs, CMOS/TTL switching is possible on a bit-by-bit basis by port input mode registers (PIMO, PIM4,

PIM14).

Moreover, regarding outputs, different power potentials can be supported by switching the output buffer to the N-ch
open drain (Vop withstand voltage) by the port output mode registers (POM0O, POM4, POM14).

(1) Setting procedure when using I/0 pins of UART1, UART2, CSI01, CSI10, and CSI20 functions

(a) Use as 2.5V or 3 V input port

<1>

<2>

<3>

<4>

After reset release, the port mode is the input mode (Hi-2).
If pull-up is needed, externally pull up the pin to be used (on-chip pull-up resistor cannot be used).

In case of UART1: P03

In case of UART2:  P143

In case of CSIO1: P43, P44

In case of CSI10: P03, P04

In case of CSI20: P142, P143

Set the corresponding bit of the PIMn register to 1 to switch to the TTL input buffer.
ViH/ViL operates on a 2.5 V or 3 V operating voltage.

(b) Use as 2.5V or 3 V output port

<1>

<2>

<3>

<4>

<5>

<6>

After reset release, the port mode changes to the input mode (Hi-Z).
Pull up externally the pin to be used (on-chip pull-up resistor cannot be used).

In case of UART1: P02

In case of UART2: P144

In case of CSIO1: P43, P45

In case of CSI10: P02, P04

In case of CSI20: P142, P144

Set the output latch of the corresponding port to 1.

Set the corresponding bit of the POMn register to 1 to set the N-ch open drain output (Voo withstand
voltage) mode.

Set the output mode by manipulating the PMn register.

At this time, the output data is high level, so the pin is in the Hi-Z state.

Operation is done only in the low level according to the operating status of the serial array unit.

Remark n=0, 4, 14
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(2) Setting procedure when using I/O pins of simplified 1IC10 and IIC20 functions

146

<1> After reset release, the port mode is the input mode (Hi-Z).
<2> Externally pull up the pin to be used (on-chip pull-up resistor cannot be used).

In case of simplified IIC10: P03, P04
In case of simplified 11C20: P142, P143

<3> Set the output latch of the corresponding port to 1.

<4> Set the corresponding bit of the POMn register to 1 to set the N-ch open drain output (Vop withstand
voltage) mode.

<5> Set the corresponding bit of the PMn register to the output mode (data 1/O is possible in the output
mode).

At this time, the output data is high level, so the pin is in the Hi-Z state.
<6> Enable the operation of the serial array unit and set the mode to the simplified I°C mode.

Remark n=0, 14
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4.5 Settings of Port Mode Register and Output Latch When Using Alternate Function
To use the alternate function of a port pin, set the port mode register and output latch as shown in Table 4-5.

Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function (1/3)

Pin Name Alternate Function PMxx Pxx
Function Name lfe}

P00 TIoO Input 1 x
PO1 TOO00 Output 0 0
P02 SO10 Output 0 1
TxD1 Output 0 1

P03 SO Input 1 x
RxD1 Input 1 X

SDA10 I/O 0 1

P04 SCK10 Input 1 x
Output 0 1

SCL10 I/O 0 1

P05 TIO5 Input 1 x
TOO05 Qutput 0 0

P06 TIO6 Input 1 x
TO06 Output 0 0

P10 SCKO00 Input 1 x
Output 0 1

P11 SI00 Input 1 x
RxDO Input 1 X

P12 SO00 Output 0 1
TxDO Qutput 0 1

P13 TxD3 Output 0 1
P14 RxD3 Input 1 X
P15 RTCDIV Output 0 0
RTCCL Qutput 0 0

P16 TIo1 Input 1 x
TOO1 Output 0 0

INTP5 Input 1 x

P17 TI02 Input 1 x
TOO02 Output 0 0

Remark x: don’t care

PMxx: Port mode register
Pxx:

Port output latch
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Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function (2/3)
Pin Name Alternate Function PMxx Pxx
Function Name I/0

P20 to P27""" | ANIO to ANI7Z"™®" Input 1 x
P30 RTC1HZ Output 0 0
INTP3 Input 1 x

P31 TIO3 Input 1 x
TOO03 Output 0 0

INTP4 Input 1 x

P40 TOOLO 110 x x
P41 TOOL1 Output x x
P42 TI0O4 Input 1 X
TOO04 Output 0 0

P43 'SCKo1 Input 1 x
Output 0 1

P44 SI01 Input 1 x
P45 SO01 Output 0 1
P50 INTP1 Input 1 x
P51 INTP2 Input 1 X
P60 SCLO /0 0 0
P61 SDAO 110 0 0
P70 to P73 KRO to KR3 Input 1 x
P74 to P77 INTP8 to INTP11 Input 1 X
KR4 to KR7 Input 1 X

P110, P111 ANOO, ANO1""®? Output 1 x
P120 INTPO Input 1 X
EXLVI Input 1 x

P140 PCLBUZ0 Output 0 0
INTP6 Input 1 x

P141 PCLBUZA1 Output 0 0
INTP7 Input 1 x

P142 SCK20 Input 1 X
Output 0 1

SCL20 /0 0 1

Remark x: don’t care

PMxx: Port mode register
Port output latch

Pxx:

(Notes 1 and 2 are listed on the next page.)
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Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function (3/3)
Pin Name Alternate Function PMxx Pxx
Function Name I/0
P143 SI120 Input 1 X
RxD2 Input 1 X
SDA20 I/0 0 1
P144 S020 Output 0 1
TxD2 Qutput 0 1
P145 TIO7 Input 1 X
TOO07 Output 0 0
Remark x: don’t care
PMxx: Port mode register
Pxx:  Port output latch
Notes 1. The function of the ANIO/P20 to ANI7/P27 pins can be selected by using the A/D port configuration

register (ADPC), the analog input channel specification register (ADS), and PM2.

Table 4-6. Setting Functions of ANI0O/P20 to ANI7/P27 Pins

ADPC PM2 ADS ANIO/P20 to ANI7/P27 Pins
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)

Does not select ANI.

Analog input (not to be converted)

Output mode

Selects ANI.

Does not select ANI.

Setting prohibited

2. When the D/A converter operation is enabled (DACEn = 1), the function of ANOn is automatically
selected. However, set port mode register 11 in the input mode (PM11n = 1).
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4.6 Cautions on 1-Bit Manipulation Instruction for Port Register n (Pn)

When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the
output latch value of an input port that is not subject to manipulation may be written in addition to the targeted bit.
Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

<Example>  When P10 is an output port, P11 to P17 are input ports (all pin statuses are high level), and the port
latch value of port 1 is 00H, if the output of output port P10 is changed from low level to high level
via a 1-bit manipulation instruction, the output latch value of port 1 is FFH.

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the
output latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the 78KOR/KF3.

<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.

In step <1>, the output latch value (0) of P10, which is an output port, is read, while the pin statuses
of P11 to P17, which are input ports, are read. If the pin statuses of P11 to P17 are high level at
this time, the read value is FEH.

The value is changed to FFH by the manipulation in <2>.

FFH is written to the output latch by the manipulation in <3>.

Figure 4-42. Bit Manipulation Instruction (P10)

1-bit manipulation

P10 @ instruction P10 @

g (set1 P1.0)
Low-level output is executed for P10

bit.
P11to P17 @ :> P11to P17 @

Pin status: High-level Pin status: High-level

High-level output

Port 1 output latch Port 1 output latch

[ofofofofefo]ofo] EEENERENERERENED

1-bit manipulation instruction for P10 bit

<1> Port register 1 (P1) is read in 8-bit units.
e In the case of P10, an output port, the value of the port output latch (0) is read.
e In the case of P11 to P17, input ports, the pin status (1) is read.

<2> Set the P10 bit to 1.

<3> Write the results of <2> to the output latch of port register 1 (P1)
in 8-bit units.
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5.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.

The following three kinds of system clocks and clock oscillators are selectable.

Q)

)

©)

Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 2 to 20 MHz by connecting a resonator to X1 and X2.
Oscillation can be stopped by executing the STOP instruction or setting of MSTOP (bit 7 of the clock
operation status control register (CSC)).

<2> Internal high-speed oscillator
This circuit oscillates a clock of fH = 8 MHz (TYP.). After a reset release, the CPU always starts
operating with this internal high-speed oscillation clock. Oscillation can be stopped by executing the
STOP instruction or setting of HIOSTOP (bit 0 of CSC).

An external main system clock (fex = 2 to 20 MHz) can also be supplied from the EXCLK/X2/P122 pin. An
external main system clock input can be disabled by executing the STOP instruction or setting of MSTOP.

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or internal high-
speed oscillation clock can be selected by setting of MCMO (bit 4 of the system clock control register (CKC)).

Subsystem clock

e XT1 clock oscillator
This circuit oscillates a clock of fsus = 32.768 kHz by connecting a 32.768 kHz resonator to XT1 and XT2.
Oscillation can be stopped by setting XTSTOP (bit 6 of CSC).

Internal low-speed oscillation clock (clock for watchdog timer)
¢ Internal low-speed oscillator
This circuit oscillates a clock of fiL = 240 kHz (TYP.).
The internal low-speed oscillation clock cannot be used as the CPU clock. The only hardware that operates
with the internal low-speed oscillation clock is the watchdog timer.
Oscillation is stopped when the watchdog timer stops.

Remarks 1. fx: X1 clock oscillation frequency
fiH: Internal high-speed oscillation clock frequency
fEX: External main system clock frequency
fsus: Subsystem clock frequency
fiL: Internal low-speed oscillation clock frequency

2. The watchdog timer stops in the following cases.
¢ When bit 4 (WDTON) of an option byte (000COH) = 0
o If the HALT or STOP instruction is executed when bit 4 (WDTON) of an option byte (000COH) = 1
and bit 0 (WDSTBYON) =0
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5.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

Iltem

Configuration

Control registers

Clock operation mode control register (CMC)

Clock operation status control register (CSC)

Oscillation stabilization time counter status register (OSTC)
Oscillation stabilization time select register (OSTS)

System clock control register (CKC)

Peripheral enable register 0 (PERO)

Operation speed mode control register (OSMC)
Internal high-speed oscillator trimming register (HIOTRM)

Oscillators

X1 oscillator

XT1 oscillator

Internal high-speed oscillator
Internal low-speed oscillator
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CHAPTER 5 CLOCK GENERATOR

Remark fx: X1 clock oscillation frequency

fii:  Internal high-speed oscillation clock frequency
fex:  External main system clock frequency
fux:  High-speed system clock frequency
fwain:  Main system clock frequency

<R> fmainc: Main system select clock frequency
fx:  XT1 clock oscillation frequency
fsus: Subsystem clock frequency
fck:  CPU/peripheral hardware clock frequency
fiL: Internal low-speed oscillation clock frequency

5.3 Registers Controlling Clock Generator
The following eight registers are used to control the clock generator.

o Clock operation mode control register (CMC)

o Clock operation status control register (CSC)

¢ Oscillation stabilization time counter status register (OSTC)
¢ Oscillation stabilization time select register (OSTS)

e System clock control register (CKC)

e Peripheral enable registers 0 (PERO)

e Operation speed mode control register (OSMC)

¢ Internal high-speed oscillator trimming register (HIOTRM)
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CHAPTER 5 CLOCK GENERATOR

(1) Clock operation mode control register (CMC)
This register is used to set the operation mode of the X1/P121, X2/EXCLK/P122, XT1/P123, and XT2/P124 pins,
and to select a gain of the oscillator.
CMC can be written only once by an 8-bit memory manipulation instruction after reset release. This register can
be read by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 5-2. Format of Clock Operation Mode Control Register (CMC)

Address: FFFAOH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
CcMC EXCLK | OSCSEL 0 OSCSELS 0 o | o | Awen
EXCLK OSCSEL | High-speed system clock X1/P121 pin X2/EXCLK/P122 pin
pin operation mode
0 0 Input port mode Input port
1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 Input port mode Input port
1 1 External clock input mode | Input port | External clock input
OSCSELS | Subsystem clock pin operation mode XT1/P123 pin | XT2/P124 pin
0 Input port mode Input port
1 XT1 oscillation mode Crystal resonator connection
AMPH Control of X1 clock oscillation frequency
0 2 MHz < fx <10 MHz
1 10 MHz < fx < 20 MHz

Cautions 1. CMC can be written only once after reset release, by an 8-bit memory

manipulation instruction.

2. After reset release, set CMC before X1 or XT1 oscillation is started as set by the
clock operation status control register (CSC).

3. Be sure to set AMPH to 1 if the X1 clock oscillation frequency exceeds 10 MHz.

4. It is recommended to set the default value (00H) to CMC after reset release, even
when the register is used at the default value, in order to prevent malfunctioning
during a program loop.

Remark fx: X1 clock oscillation frequency
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(2) Clock operation status control register (CSC)
This register is used to control the operations of the high-speed system clock, internal high-speed oscillation clock,
and subsystem clock (except the internal low-speed oscillation clock).
CSC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to COH.

Figure 5-3. Format of Clock Operation Status Control Register (CSC)

Address: FFFA1H  After reset: COH R/W

Symbol <7> <6> 5 4 3 2 1 <0>
csc | msTop | xTsToP 0 0 0 o | o |HiosTop
MSTOP High-speed system clock operation control
X1 oscillation mode External clock input mode Input port mode
0 X1 oscillator operating External clock from EXCLK -
pin is valid
1 X1 oscillator stopped External clock from EXCLK
pin is invalid
XTSTOP Subsystem clock operation control
XT1 oscillation mode Input port mode
0 XT1 oscillator operating -
1 XT1 oscillator stopped
HIOSTOP Internal high-speed oscillation clock operation control
0 Internal high-speed oscillator operating
1 Internal high-speed oscillator stopped

Cautions 1. After reset release, set the clock operation mode control register (CMC) before

starting X1 oscillation as set by MSTOP or XT1 oscillation as set by XTSTOP.

2. To start X1 oscillation as set by MSTOP, check the oscillation stabilization time
of the X1 clock by using the oscillation stabilization time counter status register
(OSTC).

3. Do not stop the clock selected for the CPU/peripheral hardware clock (fck) with
the CSC register.

4. The setting of the flags of the register to stop clock oscillation (invalidate the
external clock input) and the condition before clock oscillation is to be stopped
are as shown in Table 5-2.
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Table 5-2. Condition Before Stopping Clock Oscillation and Flag Setting

oscillation clock

e CLS =1
(CPU and peripheral hardware clocks operate with a clock
other than the internal high-speed oscillator clock.)

Clock Condition Before Stopping Clock Setting of CSC
(Invalidating External Clock Input) Register Flags
X1 clock e CLS=0and MCS =0 MSTOP =1
External main system | ® CLS =1
clock (CPU and peripheral hardware clocks operate with a clock
other than the high-speed system clock.)
Subsystem clock e CLS=0 XTSTOP =1
(CPU and peripheral hardware clocks operate with a clock
other than the subsystem clock.)
Internal high-speed e CLS=0and MCS =1 HIOSTOP =1

(3) Oscillation stabilization time counter status register (OSTC)

This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.

The X1 clock oscillation stabilization time can be checked in the following case,

o If the X1 clock starts oscillation while the internal high-speed oscillation clock or subsystem clock is being

used as the CPU clock.

e If the STOP mode is entered and then released while the internal high-speed oscillation clock is being used

as the CPU clock with the X1 clock oscillating.

OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset signal is generated, the STOP instruction and MSTOP (bit 7 of CSC register) = 1 clear OSTC to 00H.

Remark The oscillation stabilization time counter starts counting in the following cases.
o When oscillation of the X1 clock starts (EXCLK, OSCSEL =0, 1 -» MSTOP = 0)
e When the STOP mode is released
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Address: FFFA2H  Afterreset: OOH R

Symbol
OSTC

Figure 5-4. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

7 6 5 4 3 2 1 0
MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST
8 9 10 11 13 15 17 18
MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST Oscillation stabilization time status
8 9 10 11 13 15 17 18 fx = 10 MHz | fx = 20 MHz
0 0 0 0 0 0 0 2°/fx max. |25.6 us max. | 12.8 us max.
1 0 0 0 0 0 0 2%/fix min. |25.6 us min. | 12.8 us min.
1 1 0 0 0 0 0 0 2°/ix min. | 51.2 us min. | 25.6 us min.
1 1 1 0 0 0 0 0 2fx min. | 102.4 us min.|51.2 us min.
1 1 1 1 0 0 0 0 2"/fx min. | 204.8 us min.| 102.4 us min.
1 1 1 1 1 0 0 0 2°/fx min. | 819.2 us min.| 409.6 us min.
1 1 1 1 1 1 0 0 2/fx min. |3.27 ms min. | 1.64 ms min.
1 1 1 1 1 1 1 0 2"/fx min. | 13.11 ms min.| 6.55 ms min.
1 1 1 1 1 1 1 1 2%/x min. |26.21 ms min.| 13.11 ms min.
Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST8 and

remain 1.
2. The oscillation stabilization time counter counts up to the oscillation stabilization

time set by OSTS.
In the following cases, set the oscillation stabilization time of OSTS to the value
greater than or equal to the count value which is to be checked by the OSTC

register after the oscillation starts.

3. The X1 clock oscillation stabilization wait time does not include the time until

o If the X1 clock starts oscillation while the internal high-speed

oscillation clock or subsystem clock is being used as the CPU clock.

o If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock with the
X1 clock oscillating.

(Note, therefore, that only the status up to the oscillation stabilization

time set by OSTS is set to OSTC after the STOP mode is released.)

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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(4) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation automatically waits for the time set using OSTS
after the STOP mode is released.
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. The oscillation stabilization time can
be checked up to the time set using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to 07H.
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Figure 5-5. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFA3H  After reset: 07H R/W

Symbol 7 5 4 3 2 1 0
0STS 0 0 0STS2 | 0STS1 | OSTSo
OSTS2 OSTS1 OSTS0 Oscillation stabilization time selection

fx =10 MHz fx =20 MHz

0 0 0 2%fx 25.6 us Setting prohibited
0 0 1 2/ 51.2 us 25.6 us

0 1 0 2"/x 102.4 us 51.2 us

0 1 1 2"'fx 204.8 us 102.4 us

1 0 0 2"%/x 819.2 us 409.6 us

1 0 1 2"/ix 3.27 ms 1.64 ms

1 1 0 2"/fx 13.11 ms 6.55 ms

1 1 1 2"/ 26.21 ms 13.11 ms

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set the

6.

OSTS register before executing the STOP instruction.

Setting the oscillation stabilization time to 20 us or less is prohibited.

To change the setting of the OSTS register, be sure to confirm that the counting
operation of the OSTC register has been completed.

Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS.

In the following cases, set the oscillation stabilization time of OSTS to the value
greater than or equal to the count value which is to be checked by the OSTC
register.

o If the X1 clock starts oscillation while the internal high-speed
oscillation clock or subsystem clock is being used as the CPU
clock.

o If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock with
the X1 clock oscillating. (Note, therefore, that only the status up to
the oscillation stabilization time set by OSTS is set to OSTC after
the STOP mode is released.)

The X1 clock oscillation stabilization wait time does not include the time until
clock oscillation starts (“a” below).

STOP mode release

X1 pinvoltage l
waveform

Remark fx: X1 clock oscillation frequency
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(5) System clock control register (CKC)
This register is used to select a CPU/peripheral hardware clock and a division ratio.
CKC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 09H.

Figure 5-6. Format of System Clock Control Register (CKC)

Address: FFFA4H  After reset: 09H R/W"™'

Symbol <7> <6> <5> <4> 3 2 1 0
CKC CLS CSs MCS MCMO 1 MDIV2 MDIV1 MDIVO
CLS Status of CPU/peripheral hardware clock (fcLk)
0 Main system clock (fwain)
1 Subsystem clock (fsus)
MCS Status of Main system clock (fmain)
0 Internal high-speed oscillation clock (fi+)
1 High-speed system clock (fux)
CSS MCMO MDIV2 MDIV1 MDIVO Selection of CPU/peripheral
hardware clock (fci)
0 0 0 0 0 fir
0 0 1 fin/2 (default)
0 1 0 fin/2®
0 1 1 fin/2°
1 0 0 fin/2*
1 0 1 fin/2°
0 1 0 0 0 fmx
0 0 1 fux/2
0 1 0 fux/2?
0 1 1 fux/2°
1 0 0 fwx/2*
1 0 1 fux/2° e
qhee? x Nores x x x fsus/2
Other than above Setting prohibited

Notes 1. Bits 7 and 5 are read-only.
2. Setting is prohibited when fux < 4 MHz.
3. Changing the value of the MCMO bit is prohibited while CSS is set to 1.

Remarks 1. fii:  Internal high-speed oscillation clock frequency
fux: High-speed system clock frequency
fsus: Subsystem clock frequency
2. x: don’tcare

(Cautions 1 to 3 are listed on the next page.)
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Cautions 1.
2.

Be sure to set bit 3 to 1.

The clock set by CSS, MCMO, and MDIV2 to MDIVO is supplied to the CPU and
peripheral hardware. If the CPU clock is changed, therefore, the clock supplied
to peripheral hardware (except the real-time counter, clock output/buzzer output,
and watchdog timer) is also changed at the same time. Consequently, stop each
peripheral function when changing the CPU/peripheral operating hardware clock.
If the peripheral hardware clock is used as the subsystem clock, the operations
of the A/D converter and IICO are not guaranteed. For the operating
characteristics of the peripheral hardware, refer to the chapters describing the
various peripheral hardware as well as CHAPTER CHAPTER 28 ELECTRICAL
SPECIFICATIONS (STANDARD PRODUCTS) and CHAPTER 29 ELECTRICAL
SPECIFICATIONS ((A) GRADE PRODUCTS).

The fastest instruction can be executed in 1 clock of the CPU clock in the 78KOR/KF3. Therefore, the relationship
between the CPU clock (fck) and the minimum instruction execution time is as shown in Table 5-3.

Table 5-3. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock

Minimum Instruction Execution Time: 1/fcik

(Value set by the

Main System Clock (CSS = 0) Subsystem Clock

MDIV2 to MDIVO
bits)

High-Speed System Clock

Internal High-Speed Oscillation Clock (€88 =1)

(MCMO = 1) (MCMO = 0)

At 10 MHz Operation | At 20 MHz Operation At 8 MHz (TYP.) Operation At 32.768 kHz Operation

fmaIN 0.1 us 0.05 us 0.125 us (TYP.) -
fmain/2 0.2 us 0.1 us 0.25 us (TYP.) (default) -
fmain/2? 0.4 us 0.2 us 0.5 us (TYP.) -
fwan/2° 0.8 us 0.4 us 1.0 us (TYP.) -
fumain/2* 1.6 us 0.8 us 2.0 us (TYP.) -
fmain/2° 3.2 us 1.6 us 4.0 us (TYP.) -
fsus/2

- 61 us

Remark fmain:

fsus:

162

Main system clock frequency (fiH or fmx)
Subsystem clock frequency
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(6) Peripheral enable registers 0 (PER0)
These registers are used to enable or disable use of each peripheral hardware macro.

PERO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears theses registers to O0H.

Figure 5-7. Format of Peripheral Enable Register (1/2)

Address: FOOFOH  After reset: 0OH R/W

Symbol
PERO

<7> <6> <5> <4> <3> <2> 1 <0>
RTCEN DACEN ADCEN IICOEN SAU1EN SAUOEN 0 TAUOEN
RTCEN Control of real-time counter (RTC) input clock™"*
0 Stops input clock supply.
e SFR used by the real-time counter (RTC) cannot be written.
e The real-time counter (RTC) is in the reset status.
1 Supplies input clock.
o SFR used by the real-time counter (RTC) can be read and written.
DACEN Control of D/A converter input clock
0 Stops input clock supply.
o SFR used by D/A converter cannot be written.
e The D/A converter is in the reset status.
1 Supplies input clock.
e SFR used by the D/A converter can be read and written.
ADCEN Control of A/D converter input clock
0 Stops input clock supply.
e SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.
1 Supplies input clock.
o SFR used by the A/D converter can be read and written.
IICOEN Control of serial interface 11CO input clock
0 Stops input clock supply.
o SFR used by the serial interface 11C0O cannot be written.
o The serial interface 1ICO is in the reset status.
1 Supplies input clock.
e SFR used by the serial interface 1ICO can be read and written.

Clock supply to the
hardware that is not used is also stopped so as to decrease the power consumption and noise.

Note The input clock that can be controlled by RTCEN is used when the register that is used by the

real-time counter (RTC) is accessed from the CPU. RTCEN cannot control supply of the
operating clock (fsus) to RTC.

Caution Be sure to clear bit 1 of PERO register to 0.
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Figure 5-7. Format of Peripheral Enable Register (2/2)

SAU1EN

Control of serial array unit 1 input clock

0

Stops input clock supply.
e SFR used by the serial array unit 1 cannot be written.
e The serial array unit 1 is in the reset status.

Supplies input clock.
e SFR used by the serial array unit 1 can be read and written.

SAUOEN

Control of serial array unit 0 input clock

0

Stops input clock supply.
e SFR used by the serial array unit 0 cannot be written.
¢ The serial array unit O is in the reset status.

Supplies input clock.
e SFR used by the serial array unit 0 can be read and written.

TAUOEN

Control of timer array unit input clock

0

Stops input clock supply.
e SFR used by the timer array unit cannot be written.
e The timer array unit is in the reset status.

Supplies input clock.
e SFR used by the timer array unit can be read and written.

Caution Be sure to clear bit 1 of PERO register to 0.
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(7) Operation speed mode control register (OSMC)
This register is used to control the step-up circuit of the flash memory for high-speed operation.
If the microcontroller operates at a low speed with a system clock of 10 MHz or less, the power consumption can
be lowered by setting this register to the default value, 00H.
OSMC can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 5-8. Format of Operation Speed Mode Control Register (OSMC)

Address: FOOF3H  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
OSMC 0 0 0 0 0 0 0 FSEL
FSEL fcwk frequency selection
0 Operates at a frequency of 10 MHz or less (default).
1 Operates at a frequency higher than 10 MHz.
Cautions 1. OSMC can be written only once after reset release, by an 8-bit memory

manipulation instruction.

Write “1” to FSEL before the following two operations.

e Changing the clock prior to dividing fcLk to a clock other than fi.
e Operating the DMA controller.

. The CPU waits when “1” is written to the FSEL flag.

Interrupt requests issued during a wait will be suspended.

The wait time is 16.6 us to 18.5 us when fcik = fin, and 33.3 us to 36.9 us when fcLk
= fin/2.

However, counting the oscillation stabilization time of fx can continue even while
the CPU is waiting.

. To increase fcLk to 10 MHz or higher, set FSEL to “1”, then change fcLk after two

or more clocks have elapsed.

. Flash memory can be used at a frequency of 10 MHz or lower if FSEL is 1.
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Internal high-speed oscillator trimming register (HIOTRM)

This register is used to adjust the accuracy of the internal high-speed oscillator.

With self-measurement of the internal high-speed oscillator frequency via a subsystem clock using a crystal
resonator, a timer using high-accuracy external clock input (real-time counter or timer array unit), and so on, the
register can adjust the accuracy.

HIOTRM can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to 10H.

Caution The frequency will vary if the temperature and Voo pin voltage change after accuracy adjustment.
Moreover, if the HIOTRM register is set to any value other than the initial value (10H), the
oscillation accuracy of the internal high-speed oscillation clock may exceed 8 MHz+t5%,
depending on the subsequent temperature and Vop voltage change, or HIOTRM register setting.
When the temperature and Vop voltage change, accuracy adjustment must be executed regularly
or before the frequency accuracy is required.
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Figure 5-9. Format of Internal High-Speed Oscillator Trimming Register (HIOTRM)

Address: FOOF2H  After reset: 10H R/W

Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 0 0 TTRM4 TTRM3 TTRM2 ‘ TTRM1 ‘ TTRMO |
TTRM4 TTRM3 TTRM2 TTRMH1 TTRMO Clock correction value
(27V<Vop<5.5V)
MIN. TYP. MAX.

0 0 0 0 0 -5.54% -4.88% -4.02%
0 0 0 1 -5.28% -4.62% -3.76%
0 0 0 1 0 -4.99% -4.33% -3.47%
0 0 0 1 1 -4.69% —-4.03% -3.17%
0 0 1 0 0 -4.39% -3.73% -2.87%
0 0 1 0 1 -4.09% -3.43% —2.57%
0 0 1 1 0 -3.79% -3.13% -2.27%
0 0 1 1 1 -3.49% -2.83% -1.97%
0 1 0 0 0 -3.19% -2.53% -1.67%
0 1 0 0 1 -2.88% -2.22% -1.36%
0 1 0 1 0 -2.23% -1.91% -1.31%
0 1 0 1 1 -1.92% -1.60% -1.28%
0 1 1 0 0 -1.60% -1.28% -0.96.%
0 1 1 0 1 -1.28% -0.96% -0.64%
0 1 1 1 0 -0.96% -0.64% -0.32%
0 1 1 1 1 -0.64% -0.32% +0%

1 0 0 0 0 +0% (default)

1 0 0 0 1 +0% +0.32% +0.64%
1 0 0 1 0 +0.33% +0.65% +0.97%
1 0 0 1 1 +0.66% +0.98% +1.30%
1 0 1 0 0 +0.99% +1.31% +1.63%
1 0 1 0 1 +1.32% +1.64% +1.96%
1 0 1 1 0 +1.38% +1.98% +2.30%
1 0 1 1 1 +1.46% +2.32% +2.98%
1 1 0 0 0 +1.80% +2.66% +3.32%
1 1 0 0 1 +2.14% +3.00% +3.66%
1 1 0 1 0 +2.48% +3.34% +4.00%
1 1 0 1 1 +2.83% +3.69% +4.35%
1 1 1 0 0 +3.18% +4.04% +4.70%
1 1 1 0 1 +3.53% +4.39% +5.05%
1 1 1 1 0 +3.88% +4.74% +5.40%

+4.24% +5.10% +5.76%

Caution The internal high-speed oscillation frequency becomes faster/slower by increasing/decreasing the
HIOTRM value to a value larger/smaller than a certain value. A reversal, such as the frequency
becoming slower/faster by increasing/decreasing the HHOTRM value does not occur.
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (2 to 20 MHz) connected to the X1 and X2
pins.

An external clock can also be input. In this case, input the clock signal to the EXCLK pin.

To use the X1 oscillator, set bits 7 and 6 (EXCLK, OSCSEL) of the clock operation mode control register (CMC) as
follows.

¢ Crystal or ceramic oscillation: EXCLK, OSCSEL =0, 1

e External clock input: EXCLK, OSCSEL =1, 1

When the X1 oscillator is not used, set the input port mode (EXCLK, OSCSEL = 0, 0).

When the pins are not used as input port pins, either, see Table 2-2 Connection of Unused Pins.

Figure 5-10 shows an example of the external circuit of the X1 oscillator.

Figure 5-10. Example of External Circuit of X1 Oscillator

(a) Crystal or ceramic oscillation (b) External clock

| Vss
i
! —

X2

External clock ———— | EXCLK

Crystal resonator
or
ceramic resonator

Cautions are listed on the next page.

5.4.2 XT1 oscillator
The XT1 oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the XT1 and XT2 pins.
To use the XT1 oscillator, set bit 4 (OSCSELS) of the clock operation mode control register (CMC) to 1.
When the XT1 oscillator is not used, set the input port mode (OSCSELS = 0).
When the pins are not used as input port pins, either, see Table 2-2 Connection of Unused Pins.
Figure 5-11 shows an example of the external circuit of the XT1 oscillator.

Figure 5-11. Example of External Circuit of XT1 Oscillator (Crystal Oscillation)

Vss

E ] T XT1
! 32.768
! I (I

1 |—1W XT2

Cautions are listed on the next page.
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Caution When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the
broken lines in the Figures 5-10 and 5-11 to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines. Do not route the wiring near a signal

line through which a high fluctuating current flows.

* Always make the ground point of the oscillator capacitor the same potential as Vss. Do not

ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.
Note that the XT1 oscillator is designed as a low-amplitude circuit for reducing power

consumption.

Figure 5-12 shows examples of incorrect resonator connection.

Figure 5-12. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring

Vss X1 X2

(b) Crossed signal line

PORT

=

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.
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Figure 5-12. Examples of Incorrect Resonator Connection (2/2)

(c) Wiring near high alternating current (d) Current flowing through ground line of oscillator

(potential at points A, B, and C fluctuates)

Vop

Pmn
X2

PD% — VS
A N

| |:||Hr |
T P ]
T |

S
A . B TC
High current
e cali

High current

(e) Signals are fetched

Vs! X2

Yo
T

[

e

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.

Caution When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1,

resulting in malfunctioning.

170 User's Manual U17893EJ8VOUD



CHAPTER 5 CLOCK GENERATOR

5.4.3 Internal high-speed oscillator

The internal high-speed oscillator is incorporated in the 78 KOR/KF3 (8 MHz (TYP.)). Oscillation can be controlled
by bit 0 (HIOSTOP) of the clock operation status control register (CSC).

After a reset release, the internal high-speed oscillator automatically starts oscillation.

5.4.4 Internal low-speed oscillator

The internal low-speed oscillator is incorporated in the 78 KOR/KF3.

The internal low-speed oscillation clock is used only as the watchdog timer clock. The internal low-speed
oscillation clock cannot be used as the CPU clock.

After a reset release, the internal low-speed oscillator automatically starts oscillation, and the watchdog timer is
driven (240 kHz (TYP.)) if the watchdog timer operation is enabled by the option byte.

The internal low-speed oscillator continues oscillation except when the watchdog timer stops. When the watchdog
timer operates, the internal low-speed oscillation clock does not stop, even in case of a program loop.

5.4.5 Prescaler
The prescaler generates CPU/peripheral hardware clock by dividing the main system clock and subsystem clock.
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5.5

Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby

mode (see Figure 5-1).

T

Main system clock fwain
e High-speed system clock fwmx

X1 clock fx

External main system clock fex
¢ Internal high-speed oscillation clock fiH
Subsystem clock fsus
Internal low-speed oscillation clock fi.
CPU/peripheral hardware clock fcik

he CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the

78KOR/KF3, thus enabling the following.

1

()

172

Enhancement of security function

When the X1 clock is set as the CPU clock by the default setting, the device cannot operate if the X1 clock is
damaged or badly connected and therefore does not operate after reset is released. However, the start clock of
the CPU is the internal high-speed oscillation clock, so the device can be started by the internal high-speed
oscillation clock after a reset release. As a result, reset sources can be detected by software and the minimum
amount of safety processing can be done during anomalies to ensure that the system terminates safely.

Improvement of performance

Because the CPU can be started without waiting for the X1 clock oscillation stabilization time, the total
performance can be improved.

When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-13 and Figure 5-
14.
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Figure 5-13. Clock Generator Operation When Power Supply Voltage Is Turned On
(When LVI Default Start Function Stopped Is Set (Option Byte: LVIOFF = 1))

Power supply
voltage (Vbp)

ov

<1>|

Internal reset signal ‘
! 1.92t06.17ms
=~ — Reset processin )
: Waiting for y P 9 Switched by
ivoltage stabilization; /1 <3> 5> software 5o

CPU clock Qnternal high-speed oscillation clock>< High-speed system clock X Subsystem clock

1<2> 3

Internal high-speed T

oscillation clock (fin) :

i " Notel '
High-speed

system clock (fux) <4>

(when X1 oscillation

selected) 1 :

X1 clock !

‘ oscillatison stab‘iLizapEi?nztime:
Subsystem clock (fsus) . L 2%fx to 21%/fxNete
(when XT1 oscillation it:;ttmbg );10 f(t)s:rlgatlon <4>
selected) ! y software. T

Starting XT1 oscillation
is set by software.

<1> When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.

<2> When the power supply voltage exceeds 1.59 V (TYP.), the reset is released and the internal high-speed
oscillator automatically starts oscillation.

<3> When the power supply voltage rises with a slope of 0.5 V/ms (MIN.), the CPU starts operation on the
internal high-speed oscillation clock after the reset is released and after the stabilization times for the voltage
of the power supply and regulator have elapsed, and then reset processing is performed.

<4> Set the start of oscillation of the X1 or XT1 clock via software (see (1) in 5.6.1 Example of controlling high-
speed system clock and (1) in 5.6.3 Example of controlling subsystem clock).

<5> When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see (3) in 5.6.1 Example of controlling high-speed system clock and (2) in 5.6.3
Example of controlling subsystem clock).

Notes 1. The internal voltage stabilization time includes the oscillation accuracy stabilization time of the internal
high-speed oscillation clock.

2. When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the
internal high-speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the
oscillation stabilization time counter status register (OSTC). If the CPU operates on the high-speed
system clock (X1 oscillation), set the oscillation stabilization time when releasing STOP mode using the
oscillation stabilization time select register (OSTS).
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Cautions 1. If the voltage rises with a slope of less than 0.5 V/ms (MIN.) from power application until the

voltage reaches 1.8 V, input a low level to the RESET pin from power application until the
voltage reaches 1.8 V, or set the LVI default start function stopped by using the option byte
(LVIOFF = 0) (see Figure 5-14). By doing so, the CPU operates with the same timing as <2>
and thereafter in Figure 5-13 after reset release by the RESET pin.

2. It is not necessary to wait for the oscillation stabilization time when an external clock input
from the EXCLK pin is used.

Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via

Power supply
voltage (Vbp)

Internal reset signal <1>'

software settings. The internal high-speed oscillation clock and high-speed system clock can be stopped
by executing the STOP instruction (see (4) in 5.6.1 Example of controlling high-speed system clock,
(3) in 5.6.2 Example of controlling internal high-speed oscillation clock, and (3) in 5.6.3 Example
of controlling subsystem clock).

Figure 5-14. Clock Generator Operation When Power Supply Voltage Is Turned On
(When LVI Default Start Function Enabled Is Set (Option Byte: LVIOFF = 0))

2.07 V (TYP.)

ov

Reset processing witched by
! (43 to 160 ss) software
! 1<3> <5> <5>

CPU clock 3 /" Internal high-speed

\ oscillation clock X High-speed system clock X Subsystem clock

Internal high-speed
oscillation clock (fiH)

High-speed : ; ‘
Note 1

system clock (fux) <4
(when X1 oscillation
selected) 4 :

' X1 clock '
oscillation stabilization time:
2%/fx to 2'8/fxNete 2

Subsystem clock (fsus) Starting X1 oscillation <4>
(when XT1 oscillation is set by software.
selected)

<1>

<2>

<3>

<4>

<5>
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Starting XT1 oscillation
is set by software.

When the power is turned on, an internal reset signal is generated by the low-voltage detector (LVI).

When the power supply voltage exceeds 2.07 V (TYP.), the reset is released and the internal high-speed
oscillator automatically starts oscillation.

After the reset is released and reset processing is performed, the CPU starts operation on the internal high-
speed oscillation clock.

Set the start of oscillation of the X1 or XT1 clock via software (see (1) in 5.6.1 Example of controlling high-
speed system clock and (1) in 5.6.3 Example of controlling subsystem clock).

When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see (3) in 5.6.1 Example of controlling high-speed system clock and (2) in 5.6.3
Example of controlling subsystem clock).
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Notes 1. The internal reset processing time includes the oscillation accuracy stabilization time of the internal
high-speed oscillation clock.

2. When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the
internal high-speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the
oscillation stabilization time counter status register (OSTC). If the CPU operates on the high-speed
system clock (X1 oscillation), set the oscillation stabilization time when releasing STOP mode using the
oscillation stabilization time select register (OSTS).

Cautions 1. A voltage oscillation stabilization time is required after the supply voltage reaches 1.59 V
(TYP.). If the supply voltage rises from 1.59 V (TYP.) to 2.07 V (TYP.) within the power supply
oscillation stabilization time, the power supply oscillation stabilization time is automatically
generated before reset processing.

2. It is not necessary to wait for the oscillation stabilization time when an external clock input
from the EXCLK pin is used.

Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via
software settings. The internal high-speed oscillation clock and high-speed system clock can be stopped
by executing the STOP instruction (see (4) in 5.6.1 Example of controlling high-speed system clock,
(3) in 5.6.2 Example of controlling internal high-speed oscillation clock, and (3) in 5.6.3 Example
of controlling subsystem clock).
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5.6 Controlling Clock

5.6.1 Example of controlling high-speed system clock
The following two types of high-speed system clocks are available.
o X1 clock: Crystal/ceramic resonator is connected to the X1 and X2 pins.
o External main system clock: External clock is input to the EXCLK pin.

When the high-speed system clock is not used, the X1/P121 and X2/EXCLK/P122 pins can be used as input port
pins.

Caution The X1/P121 and X2/EXCLK/P122 pins are in the input port mode after a reset release.

The following describes examples of setting procedures for the following cases.
(1) When oscillating X1 clock

(2) When using external main system clock

(3) When using high-speed system clock as CPU/peripheral hardware clock

(4) When stopping high-speed system clock

(1) Example of setting procedure when oscillating the X1 clock
<1> Setting P121/X1 and P122/X2/EXCLK pins and setting oscillation frequency (CMC register)
e 2 MHz < fx <10 MHz

EXCLK OSCSEL 0 OSCSELS 0 0 0 AMPH
0 1 0 0/1 0 0 0 0

¢ 10 MHz < fx <20 MHz

EXCLK OSCSEL 0 OSCSELS 0 0 0 AMPH
0 1 0 0/1 0 0 0 1

Remarks 1. x: X1 clock oscillation frequency
2. For setting of the P123/XT1 and P124/XT2 pins, see 5.6.3 Example of controlling
subsystem clock.

<2> Controlling oscillation of X1 clock (CSC register)
If MSTORP is cleared to 0, the X1 oscillator starts oscillating.

<3> Waiting for the stabilization of the oscillation of X1 clock
Check the OSTC register and wait for the necessary time.
During the wait time, other software processing can be executed with the internal high-speed oscillation
clock.

Cautions 1. The CMC register can be written only once after reset release, by an 8-bit memory
manipulation instruction.
Therefore, it is necessary to also set the value of the OSCSELS bit at the same time. For
OSCSELS bit, see 5.6.3 Example of controlling subsystem clock.
2. Set the X1 clock after the supply voltage has reached the operable voltage of the clock to
be used (see CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and
CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).
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(2) Example of setting procedure when using the external main system clock
<1> Setting P121/X1 and P122/X2/EXCLK pins (CMC register)

EXCLK OSCSEL 0 OSCSELS 0 0 0 AMPH
1 1 0 0/1 0 0 0 x

Remarks 1. x: don’t care
2. For setting of the P123/XT1 and P124/XT2 pins, see 5.6.3 (1) Example of setting
procedure when oscillating the subsystem clock.

<2> Controlling external main system clock input (CSC register)
When MSTORP is cleared to 0, the input of the external main system clock is enabled.

Cautions 1. The CMC register can be written only once after reset release, by an 8-bit memory
manipulation instruction.
Therefore, it is necessary to also set the value of the OSCSELS bit at the same time. For
OSCSELS bit, see 5.6.3 Example of controlling subsystem clock.

2. Set the external main system clock after the supply voltage has reached the operable
voltage of the clock to be used (see CHAPTER 28 ELECTRICAL SPECIFICATIONS
(STANDARD PRODUCTS) and CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE
PRODUCTS)).

(3) Example of setting procedure when using high-speed system clock as CPU/peripheral hardware clock
<1> Setting high-speed system clock oscillation"**
(See 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of
setting procedure when using the external main system clock.)

Note The setting of <1> is not necessary when high-speed system clock is already operating.

<2> Setting the high-speed system clock as the source clock of the CPU/peripheral hardware clock and
setting the division ratio of the set clock (CKC register)

MCMO MDIV2 MDIVA MDIVO Selection of CPU/Peripheral
Hardware Clock (fcik)
1 0 0 0 fmx

0 0 1 fux/2

0 1 0 fwx/2?

0 1 1 fux/2°

1 0 0 fwx/2*

1 0 1 fux/2° M

Note Setting is prohibited when fux < 4 MHz.
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<3> If some peripheral hardware macros are not used, supply of the input clock to each hardware macro can

be stopped.
(PERQO register)
| RTCEN ‘ DACEN ‘ ADCEN IICOEN SAU1EN | SAUOEN 0 TAUOEN
XXXEN Input clock control
0 Stops input clock supply.
1 Supplies input clock.

Caution Be sure to clear bit 1 of PERO register to 0.

Remark RTCEN: Control of the real-time counter input clock
DACEN: Control of the D/A converter input clock
ADCEN: Control of the A/D converter input clock
IICOEN: Control of the serial interface 11CO input clock
SAU1EN: Control of the serial array unit 1 input clock
SAUOEN: Control of the serial array unit 0 input clock
TAUOEN: Control of the timer array unit input clock

(4) Example of setting procedure when stopping the high-speed system clock

178

The high-speed system clock can be stopped (disabling clock input if the external clock is used) in the following
two ways.

¢ Executing the STOP instruction

e Setting MSTOP to 1

(a) To execute a STOP instruction
<1> Setting to stop peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that
cannot be used in STOP mode, see CHAPTER 18 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after STOP mode is released
If the X1 clock oscillates before the STOP mode is entered, set the value of the OSTS register before
executing the STOP instruction.

<3> Executing the STOP instruction

When the STOP instruction is executed, the system is placed in the STOP mode and X1 oscillation is
stopped (the input of the external clock is disabled).
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(b) To stop X1 oscillation (disabling external clock input) by setting MSTOP to 1
<1> Confirming the CPU clock status (CKC register)

Confirm with CLS and MCS that the CPU is operating on a clock other than the high-speed
system clock.

When CLS = 0 and MCS = 1, the high-speed system clock is supplied to the CPU, so change the
CPU clock to the subsystem clock or internal high-speed oscillation clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock
1 x Subsystem clock

<2> Setting of X1 clock oscillation stabilization time after restart of X1 clock oscillation"*

Prior to setting "1" to MSTOP, set the OSTS register to a value greater than the count value to be
confirmed with the OSTS register after X1 clock oscillation is restarted.

<3> Stopping the high-speed system clock (CSC register)
When MSTOP is set to 1, X1 oscillation is stopped (the input of the external clock is disabled).

Note This setting is required to resume the X1 clock oscillation when the high-speed system clock is in the
X1 oscillation mode.

This setting is not required in the external clock input mode.

Caution Be sure to confirm that MCS = 0 or CLS = 1 when setting MSTOP to 1. In addition, stop
peripheral hardware that is operating on the high-speed system clock.

5.6.2 Example of controlling internal high-speed oscillation clock

The following describes examples of clock setting procedures for the following cases.

(1)
)
@)

M

)

When restarting oscillation of the internal high-speed oscillation clock

When using internal high-speed oscillation clock as CPU/peripheral hardware clock
When stopping the internal high-speed oscillation clock

Example of setting procedure when restarting oscillation of the internal high-speed oscillation clock™"*
<1> Setting restart of oscillation of the internal high-speed oscillation clock (CSC register)
When HIOSTOP is cleared to 0, the internal high-speed oscillation clock restarts oscillation.

Note After a reset release, the internal high-speed oscillator automatically starts oscillating and the internal
high-speed oscillation clock is selected as the CPU/peripheral hardware clock.

Example of setting procedure when using internal high-speed oscillation clock as CPU/peripheral
hardware clock

<1> Restarting oscillation of the internal high-speed oscillation clock™*
(See 5.6.2 (1) Example of setting procedure when restarting internal high-speed oscillation clock).

Note The setting of <1> is not necessary when the internal high-speed oscillation clock is operating.

User's Manual U17893EJ8VOUD 179



CHAPTER 5 CLOCK GENERATOR

<2> Setting the internal high-speed oscillation clock as the source clock of the CPU/peripheral hardware clock
and setting the division ratio of the set clock (CKC register)

MCMO MDIV2 MDIV1 MDIVO Selection of CPU/Peripheral
Hardware Clock (fcik)
0 0 0 0 fir
0 0 1 fin/2
0 1 0 fin/2?
0 1 1 fin/2°
1 0 0 fin/2*
1 0 1 fin/2°

Caution If switching the CPU/peripheral hardware clock from the high-speed system clock to the
internal high-speed oscillation clock after restarting the internal high-speed oscillation
clock, do so after 10 s or more have elapsed.

If the switching is made immediately after the internal high-speed oscillation clock is
restarted, the accuracy of the internal high-speed oscillation cannot be guaranteed for
10 us.

(3) Example of setting procedure when stopping the internal high-speed oscillation clock
The internal high-speed oscillation clock can be stopped in the following two ways.
¢ Executing the STOP instruction
e Setting HIOSTORP to 1

(@) To execute a STOP instruction
<1> Setting of peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that
cannot be used in STOP mode, see CHAPTER 18 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after STOP mode is released
If the X1 clock oscillates before the STOP mode is entered, set the value of the OSTS register before
executing the STOP instruction.

<3> Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and internal high-
speed oscillation clock is stopped.

(b) To stop internal high-speed oscillation clock by setting HIOSTOP to 1
<1> Confirming the CPU clock status (CKC register)
Confirm with CLS and MCS that the CPU is operating on a clock other than the internal high-
speed oscillation clock.
When CLS = 0 and MCS = 0, the internal high-speed oscillation clock is supplied to the CPU, so
change the CPU clock to the high-speed system clock or subsystem clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock
1 X Subsystem clock
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<2> Stopping the internal high-speed oscillation clock (CSC register)
When HIOSTORP is set to 1, internal high-speed oscillation clock is stopped.

Caution Be sure to confirm that MCS = 1 or CLS = 1 when setting HIOSTOP to 1. In addition, stop
peripheral hardware that is operating on the internal high-speed oscillation clock.

5.6.3 Example of controlling subsystem clock
The subsystem clock can be oscillated by connecting a crystal resonator to the XT1 and XT2 pins.
When the subsystem clock is not used, the XT1/P123 and XT2/P124 pins can be used as input port pins.

Caution The XT1/P123 and XT2/P124 pins are in the input port mode after a reset release.

The following describes examples of setting procedures for the following cases.
(1) When oscillating subsystem clock

(2) When using subsystem clock as CPU clock

(3) When stopping subsystem clock

Caution When the subsystem clock is used as the CPU clock, the subsystem clock is also supplied to the
peripheral hardware (except the real-time counter, clock output/buzzer output, and watchdog
timer). At this time, the operations of the A/D converter and IICO are not guaranteed. For the
operating characteristics of the peripheral hardware, refer to the chapters describing the various
peripheral hardware as well as CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD
PRODUCTS) and CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS).

(1) Example of setting procedure when oscillating the subsystem clock
<1> Setting P123/XT1 and P124/XT2 pins (CMC register)

EXCLK OSCSEL 0 OSCSELS 0 0 0 AMPH
0/1 0/1 0 1 0 0 0 0/1

Remark For setting of the P121/X1 and P122/X2 pins, see 5.6.1 Example of controlling high-speed
system clock.

<2> Controlling oscillation of subsystem clock (CSC register)
If XTSTOP is cleared to 0, the XT1 oscillator starts oscillating.

<3> Waiting for the stabilization of the subsystem clock oscillation
Wait for the oscillation stabilization time of the subsystem clock by software, using a timer function.

Caution The CMC register can be written only once after reset release, by an 8-bit memory
manipulation instruction.
Therefore, it is necessary to also set the value of the EXCLK and OSCSEL bits at the same
time. For EXCLK and OSCSEL bits, see 5.6.1 (1) Example of setting procedure when
oscillating the X1 clock or 5.6.1 (2) Example of setting procedure when using the external
main system clock.
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(2) Example of setting procedure when using the subsystem clock as the CPU clock
<1> Setting subsystem clock oscillation"*®

(See 5.6.3 (1) Example of setting procedure when oscillating the subsystem clock.)
Note The setting of <1> is not necessary when while the subsystem clock is operating.

<2> Setting the subsystem clock as the source clock of the CPU clock (CKC register)

CSS Selection of CPU/Peripheral Hardware Clock (fcik)
1 fsus/2

Caution When the subsystem clock is used as the CPU clock, the subsystem clock is also supplied to the
peripheral hardware (except the real-time counter, clock output/buzzer output, and watchdog
timer). At this time, the operations of the A/D converter and IICO are not guaranteed. For the
operating characteristics of the peripheral hardware, refer to the chapters describing the various
peripheral hardware as well as CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD
PRODUCTS) and CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS).

(3) Example of setting procedure when stopping the subsystem clock
<1> Confirming the CPU clock status (CKC register)
Confirm with CLS and MCS that the CPU is operating on a clock other than the subsystem clock.
When CLS = 1, the subsystem clock is supplied to the CPU, so change the CPU clock to the internal
high-speed oscillation clock or high-speed system clock. (See Figure 5-15 CPU Clock Status
Transition Diagram or Table 5-5 Changing CPU Clock for the conditions to change the subsystem
clock to another clock.)

CLS MCS CPU Clock Status
0 Internal high-speed oscillation clock
1 High-speed system clock
1 x Subsystem clock

<2> Stopping the subsystem clock (CSC register)
When XTSTOP is set to 1, subsystem clock is stopped.

Cautions 1. Be sure to confirm that CLS = 0 when setting XTSTOP to 1. In addition, stop the

peripheral hardware if it is operating on the subsystem clock.
2. The subsystem clock oscillation cannot be stopped using the STOP instruction.
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5.6.4 Example of controlling internal low-speed oscillation clock

The internal low-speed oscillation clock cannot be used as the CPU clock. Used only as the watchdog timer clock.

The internal low-speed oscillator automatically starts oscillation after a reset release, and the watchdog timer is
driven (240 kHz (TYP.)) if the watchdog timer operation is enabled by the option byte.

The internal low-speed oscillator continues oscillation except when the watchdog timer stops. When the watchdog
timer operates, the internal low-speed oscillation clock does not stop even in case of a program loop.

(1) Example of setting procedure when stopping the internal low-speed oscillation clock
The internal low-speed oscillation clock can be stopped in the following two ways.
o Stop the watchdog timer in the HALT/STOP mode by the option byte (bit 0 (WDSTBYON) of 000COH = 0),
and execute the HALT or STOP instruction.
» Stop the watchdog timer by the option byte (bit 4 (WDTON) of 000COH = 0).

(2) Example of setting procedure when restarting oscillation of the internal low-speed oscillation clock
The internal low-speed oscillation clock can be restarted as follows.
o Release the HALT or STOP mode
(only when the watchdog timer is stopped in the HALT/STOP mode by the option byte (bit 0 (WDSTBYON)
of 000COH) = 0) and when the watchdog timer is stopped as a result of execution of the HALT or STOP
instruction).
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5.6.5 CPU clock status transition diagram
Figure 5-15 shows the CPU clock status transition diagram of this product.

Figure 5-15. CPU Clock Status Transition Diagram
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If the low-power-supply detector (LVI) is set to ON by default by the option bytes, the reset will not be
released until the power supply voltage (Vop) exceeds 2.07 V+0.2 V.
After the reset operation, the status will shift to (B) in the above figure.

Remark
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Table 5-4 shows transition of the CPU clock and examples of setting the SFR registers.

Table 5-4. CPU Clock Transition and SFR Register Setting Examples (1/4)

(1) CPU operating with internal high-speed oscillation clock (B) after reset release (A)

Status Transition

SFR Register Setting

(A) — (B)

SFR registers do not have to be set (default status after reset release).

(2) CPU operating with high-speed system clock (C) after reset release (A)

(The CPU operates with the internal high-speed oscillation clock immediately after a reset release (B).)

(Setting sequence of SFR registers)

»
»

Setting Flag of SFR Register CMC Register™™*’ Ccsc OosMC OSsTC CKC
Register | Register | Register | Register
Status Transition EXCLK | OSCSEL | AMPH MSTOP FSEL MCMO
(A) > (B) - (C) 0 1 0 0 0 Must be 1
(X1 clock: 2 MHz < fx < 10 MHz) checked
(A) = (B) = (C) 0 1 1 0 qhere? Must be 1
(X1 clock: 10 MHz < fx < 20 MHz) checked
(A) > (B) > (C) 1 1 x 0 on Must 1
(external main clock) not be
checked

Notes 1. The CMC and OSMC registers can be written only once by an 8-bit memory manipulation instruction

after reset release.
2. FSEL =1 when fcik > 10 MHz

If a divided clock is selected and fcLk < 10 MHz, use with FSEL = 0 is possible even if fx > 10 MHz.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set
(see CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and CHAPTER 29
ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remark x: don’t care

(3) CPU operating with subsystem clock (D) after reset release (A)
(The CPU operates with the internal high-speed oscillation clock immediately after a reset release (B).)

(Setting sequence of SFR registers)

»
»

Setting Flag of SFR Register | CMC Register"™* CSC Register Waiting for CKC Register
OSCSELS XTSTOP Oscillation css
Status Transition Stabilization
(A) —> (B) — (D) 1 0 Necessary 1

Note The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release.

Remark

(A) to () in Table 5-4 correspond to (A) to (I) in Figure 5-15.
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (2/4)

(4) CPU clock changing from internal high-speed oscillation clock (B) to high-speed system clock (C)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC Register"™" OSTS CcsC OSMC | OSTC CKC
Register Register Register Register Regi
Status Transition ster
EXCLK | OSCSEL | AMPH MSTOP FSEL MCMO
(B) - (C) 0 1 0 Note 2 0 0 Must be 1
(X1 clock: 2 MHz < fX < 10 MHz) checked
(B) - (C) 0 1 1 Note 2 0 1 Newes Must be 1
(X1 clock: 10 MHz < X < 20 MHz) checked
<R> | (B) > (C) 1 1 x Note 2 0 0/1 Must 1
(external main clock) not be
checked
Unnecessary if these registers Unnecessary if the CPU is operating with
are already set the high-speed system clock

Notes 1. The CMC and OSMC registers can be changed only once after reset release. This setting is not
necessary if it has already been set.

2. Set the oscillation stabilization time as follows.
¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time set by OSTS

3. FSEL =1 when fcik > 10 MHz
If a divided clock is selected and fck < 10 MHz, use with FSEL = 0 is possible even if fx > 10 MHz.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set
(see CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and CHAPTER 29
ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

<R> Remark x: don't care

(5) CPU clock changing from internal high-speed oscillation clock (B) to subsystem clock (D)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register | CMC Register*™ CSC Register Waiting for CKC Register
OSCSELS XTSTOP Oscillation css
Status Transition Stabilization
(B) > (D) 1 0 Necessary 1

Unnecessary if the CPU is operating
with the subsystem clock

Note The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release.

Remark (A) to (l) in Table 5-4 correspond to (A) to (l) in Figure 5-15.
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (3/4)

(6) CPU clock changing from high-speed system clock (C) to internal high-speed oscillation clock (B)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CSC Register Oscillation accuracy CKC Register
Status Transition HIOSTOP stabilization time MCMO
(C) > (B) 0 10us 0
'
Unnecessary if the
CPU is operating with
the internal high-
speed oscillation
clock
(7) CPU clock changing from high-speed system clock (C) to subsystem clock (D)
(Setting sequence of SFR registers) >
Setting Flag of SFR Register | CMC Register*™® CSC Register Waiting for CKC Register
OSCSELS XTSTOP Oscillation css
Status Transition Stabilization
(C) —» (D) 1 0 Necessary 1

Unnecessary if the CPU is operating with the subsystem
clock

Note The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release.

(8) CPU clock changing from subsystem clock (D) to internal high-speed oscillation clock (B)

(Setting sequence of SFR registers) »
Setting Flag of SFR Register CSC Register CKC Register
Status Transition HIOSTOP MCMO CSS
(D) — (B) 0 0 0
' '
Unnecessary if the CPU Unnecessary if this
is operating with the register is already set

internal high-speed
oscillation clock

Remark (A) to (l) in Table 5-4 correspond to (A) to (l) in Figure 5-15.
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (4/4)

<R> (9) CPU clock changing from subsystem clock (D) to high-speed system clock (C)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register OSTS CsC OsSMC OSTC CKC

Register Register Register Register Register

Status Transition
MSTOP FSEL MCMO CSS
(D) - (C) Note 1 0 0 Must be 1 0
(X1 clock: 2 MHz < fx < 10 MHz) checked
(D) — (C) Note 1 0 N2 Must be 1 0
(X1 clock: 10 MHz < fx < 20 MHz) checked
(D) - (C) Note 1 0 (VA Must not be 1 0
(external main clock) checked
—
Unnecessary if the CPU is operating Unnecessary if these registers
with the high-speed system clock are already set

Notes 1. Set the oscillation stabilization time as follows.
¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time set by OSTS

2. FSEL =1 when fcik > 10 MHz
If a divided clock is selected and fck < 10 MHz, use with FSEL = 0 is possible even if fx > 10 MHz.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set
(see CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and CHAPTER 29
ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

(10) e HALT mode (E) set while CPU is operating with internal high-speed oscillation clock (B)
e HALT mode (F) set while CPU is operating with high-speed system clock (C)
¢ HALT mode (G) set while CPU is operating with subsystem clock (D)

Status Transition Setting

(B) - (E) Executing HALT instruction
(C)—>(F)
(D) > (G)

<R> (11)  STOP mode (H) set while CPU is operating with internal high-speed oscillation clock (B)
e STOP mode (l) set while CPU is operating with high-speed system clock (C)

Setting sequence >
( g seq )
Status Transition Setting
(B) > (H) Stopping peripheral - Executing STOP
©) > () In X1 oscillation | functions that cannot Sets the OSTS instruction
operate in STOP mode register
External clock -

Remark (A) to (I) in Table 5-4 correspond to (A) to (I) in Figure 5-15.
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5.6.6 Condition before changing CPU clock and processing after changing CPU clock
Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-5. Changing CPU Clock (1/2)

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Internal high- X1 clock Stabilization of X1 oscillation Operating current can be reduced by
speed ¢ OSCSEL =1, EXCLK =0, MSTOP =0 stopping internal high-speed oscillator
oscillation o After elapse of oscillation stabilization time (HIOSTOP =1).
clock External main Enabling input of external clock from
system clock EXCLK pin
¢ OSCSEL =1, EXCLK =1, MSTOP =0
Subsystem Stabilization of X1 oscillation
clock ¢ OSCSELS =1, XTSTOP =0
o After elapse of oscillation stabilization time
X1 clock Internal high- Oscillation of internal high-speed X1 oscillation can be stopped (MVSTOP = 1).
speed oscillator

oscillation clock

¢ HIOSTOP =0

External main
system clock

Transition not possible
(To change the clock, set it again after

executing reset once.)

Subsystem Stabilization of XT1 oscillation X1 oscillation can be stopped (MSTOP = 1).
clock ¢ OSCSELS =1, XTSTOP =0
o After elapse of oscillation stabilization time
External main Internal high- Oscillation of internal high-speed External main system clock input can be
system clock speed oscillator disabled (MSTOP = 1).
oscillation ¢ HIOSTOP =0
clock
X1 clock Transition not possible -
(To change the clock, set it again after
executing reset once.)
Subsystem Stabilization of XT1 oscillation External main system clock input can be
clock disabled (MSTOP = 1).

¢ OSCSELS =1, XTSTOP =0

o After elapse of oscillation stabilization time
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Table 5-5. Changing CPU Clock (2/2)

clock

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Subsystem Internal high- Oscillation of internal high-speed oscillator XT1 oscillation can be stopped (XTSTOP =
clock™™* speed oscillation | and selection of internal high-speed 1)

oscillation clock as main system clock
¢ HIOSTOP =0, MCS =0

X1 clock

Stabilization of X1 oscillation and selection
of high-speed system clock as main system
clock

¢ OSCSEL = 1, EXCLK =0, MSTOP =0

« After elapse of oscillation stabilization time
e MCS =1

External main
system clock

Enabling input of external clock from EXCLK
pin and selection of high-speed system clock
as main system clock

¢ OSCSEL =1, EXCLK =1, MSTOP =0

¢ MCS =1

Note When changing the subsystem clock to another clock, the clock must be set back to the clock before setting the
subsystem clock. For example, when changing the clock to the X1 clock after having changed the internal
high-speed oscillation clock to the subsystem clock, the clock is changed in the order of the subsystem clock,
the internal high-speed oscillation clock, and the X1 clock.
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5.6.7 Time required for switchover of CPU clock and main system clock

By setting bits 0 to 2, 4, and 6 (MDIVO to MDIV2, MCMO, CSS) of the system clock control register (CKC), the CPU
clock can be switched (between the main system clock and the subsystem clock), main system clock can be switched
(between the internal high-speed oscillation clock and the high-speed system clock), and the division ratio of the main

system clock can be changed.

The actual switchover operation is not performed immediately after rewriting to CKC; operation continues on the
pre-switchover clock for several clocks (see Table 5-6 to Table 5-9).
Whether the CPU is operating on the main system clock or the subsystem clock can be ascertained using bit 7
(CLS) of CKC. Whether the main system clock is operating on the high-speed system clock or internal high-speed
oscillation clock can be ascertained using bit 5 (MCS) of CKC.

When the CPU clock is switched, the peripheral hardware clock is also switched.

Table 5-6. Maximum Time Required for Main System Clock Switchover

Clock A Switching directions Clock B Type
fmaiNe <+—> fmaine type 1 (see Table 5-7)
(Changing the division ratio)
fiH <+“—> fmx type 2 (see Table 5-8)
fmanc <+“——> fsus/2 type 3 (see Table 5-9)

Table 5-7. Maximum Number of Clocks Required in Type 1

Set Value Before Switchover

Set Value After Switchover

Clock A Clock B
Clock A 1 + fa/fe clock
Clock B 1 + fe/fa clock
Table 5-8. Maximum Number of Clocks Required in Type 2

Set Value Before Switchover

Set Value After Switchover

MCMO

MCMO

0

(fmain = fin)

1

(fmain = fmx)

0 fmx=fin 1 + fux/fin clock
(fmain = fiH) fux<fin 2fin/fmx clock

1 fmx=fin 2fux/fiH clock
(fmain = fmx) fux<fin 1 + fux/fin clock

(Remarks are listed on the next page.)
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Table 5-9. Maximum Number of Clocks Required in Type 3

Set Value Before Switchover

Set Value After Switchover

CSS

CSS

0

(feLk = fmainc)

1
(ferk = fsus/2)

0

(ferk = fmainc)

1 + 4 fvainc/fsus clock

1
(fek = fsus/2)

2 + fsus/2fmainc clock

<R>

Remarks 1. fiH

:Internal high-speed oscillation clock frequency

fux  :High-speed system clock frequency

fwain  :Main system clock frequency

fmainc :Main system select clock frequency

fsus :Subsystem clock frequency

fcik  :CPU/peripheral hardware clock frequency
2. The number of clocks listed in Table 5-7 to Table 5-9 is the number of CPU clocks before switchover.
3. Calculate the number of clocks in Table 5-7 to Table 5-9 by removing the decimal portion.

Example When switching the main system clock from the internal high-speed oscillation clock to the

1+ fi/fux=1+8/10=1+0.8=1.8 - 2 clocks

5.6.8 Conditions before clock oscillation is stopped
The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and
conditions before the clock oscillation is stopped.

high-speed system clock (@ oscillation with fiH = 8 MHz, fux = 10 MHz)

Table 5-10. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
Internal high-speed MCS=1o0rCLS =1 HIOSTOP =1
oscillation clock (The CPU is operating on a clock other than the internal high-speed
oscillation clock)
X1 clock MCS=0o0rCLS =1 MSTOP =1
External main system clock (The CPU is operating on a clock other than the high-speed system clock)
Subsystem clock CLS=0 XTSTOP =1
(The CPU is operating on a clock other than the subsystem clock)

192

User's Manual U17893EJ8VOUD



CHAPTER 6 TIMER ARRAY UNIT

The timer array unit has eight 16-bit timers per unit. Each 16-bit timer is called a channel and can be used as an
independent timer. In addition, two or more “channels” can be used to create a high-accuracy timer.

Single-operation Function Combination-operation Function
o Interval timer o PWM output
e Square wave output e One-shot pulse output
o External event counter o Multiple PWM output

¢ Divider function (channel 0 only)
¢ Input pulse interval measurement
e Measurement of high-/low-level width of input signal

Channel 7 can be used to realize LIN-bus reception processing in combination with UART3 of serial array unit 1.

6.1 Functions of Timer Array Unit

The timer array unit has the following functions.

6.1.1 Functions of each channel when it operates independently

Single-operation functions are those functions that can be used for any channel regardless of the operation mode

of the other channel (for details, refer to 6.6.1 Overview of single-operation function and combination-operation
function).

(1)

()

@)

4)

®)

(6)

Interval timer
Each timer of a unit can be used as a reference timer that generates an interrupt (INTTMOn) at fixed intervals.

Square wave output
A toggle operation is performed each time INTTMOn is generated and a square wave with a duty factor of 50%
is output from a timer output pin (TOON).

External event counter
Each timer of a unit can be used as an event counter that generates an interrupt when the number of the valid
edges of a signal input to the timer input pin (TIONn) has reached a specific value.

Divider function (channel 0 only)
A clock input from a timer input pin (TI00) is divided and output from an output pin (TOO00).

Input pulse interval measurement

Counting is started by the valid edge of a pulse signal input to a timer input pin (TIOn). The count value of the
timer is captured at the valid edge of the next pulse. In this way, the interval of the input pulse can be
measured.

Measurement of high-/low-level width of input signal
Counting is started by a single edge of the signal input to the timer input pin (TIOn), and the count value is
captured at the other edge. In this way, the high-level or low-level width of the input signal can be measured.

Remark n: Channel number (n =010 7)
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6.1.2 Functions of each channel when it operates with another channel
Combination-operation functions are those functions that are attained by using the master channel (mostly the

reference timer that controls cycles) and the slave channels (timers that operate following the master channel) in

combination (for details, refer to 6.6.1 Overview of single-operation function and combination-operation

function).

(1

)

©))

PWM (Pulse Width Modulator) output
Two channels are used as a set to generate a pulse with a specified period and a specified duty factor.

One-shot pulse output
Two channels are used as a set to generate a one-shot pulse with a specified delay time and a specified pulse
width.

Multiple PWM (Pulse Width Modulator) output
By extending the PWM function and using one master channel and two or more slave channels, up to seven
types of PWM signals that have a specific period and a specified duty factor can be generated.

6.1.3 LIN-bus supporting function (channel 7 only)

)

)

@)

194

Detection of wakeup signal

The timer starts counting at the falling edge of a signal input to the serial data input pin (RxD3) of UART3 and
the count value of the timer is captured at the rising edge. In this way, a low-level width can be measured. |If
the low-level width is greater than a specific value, it is recognized as a wakeup signal.

Detection of sync break field

The timer starts counting at the falling edge of a signal input to the serial data input pin (RxD3) of UARTS3 after
a wakeup signal is detected, and the count value of the timer is captured at the rising edge. In this way, a low-
level width is measured. If the low-level width is greater than a specific value, it is recognized as a sync break
field.

Measurement of pulse width of sync field

After a sync break field is detected, the low-level width and high-level width of the signal input to the serial
data input pin (RxD3) of UART3 are measured. From the bit interval of the sync field measured in this way, a
baud rate is calculated.
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6.2 Configuration of Timer Array Unit

The timer array unit includes the following hardware.

Table 6-1. Configuration of Timer Array Unit

Item Configuration
Timer/counter Timer counter register On (TCROn)
Register Timer data register On (TDROnN)
Timer input TIOO to TIO7 pins, RxD3 pin (for LIN-bus)
Timer output TOO00 to TOO7 pins, output controller
Control registers <Registers of unit setting block>

o Peripheral enable register 0 (PERO)

» Timer clock select register 0 (TPSO0)

» Timer channel enable status register 0 (TEO)
o Timer channel start register 0 (TS0)

o Timer channel stop register 0 (TTO)

o Timer input select register 0 (TISO)

o Timer output enable register 0 (TOEOQ)

o Timer output register 0 (TOO0)

o Timer output level register 0 (TOLO)

o Timer output mode register 0 (TOMO)

<Registers of each channel>

o Timer mode register On (TMROnN)

o Timer status register On (TSROn)

e Input switch control register (ISC) (channel 7 only)
» Noise filter enable register 1 (NFEN1)

o Port registers 0, 1, 3, 4, 14 (PO, P1, P3, P4, P14)

e Port mode registers 0, 1, 3, 4, 14 (PMO, PM1, PM3, PM4, PM14)

Remark n: Channel number (n=0to 7)

Figure 6-1 shows the block diagram.
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Figure 6-1. Block Diagram of Timer Array Unit
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(1) Timer/counter register On (TCROnN)
TCROn is a 16-bit read-only register and is used to count clocks.
The value of this counter is incremented or decremented in synchronization with the rising edge of a count
clock.
Whether the counter is incremented or decremented depends on the operation mode that is selected by the
MDON3 to MDONO bits of TMRON.

Figure 6-2. Format of Timer/Counter Register On (TCROn)

Address: FO180H, FO181H (TCRO00) to FO18EH, FO18FH (TCR07)  After reset: FFFFH R
FO181H (TCRO00) FO180H (TCRO00)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

N (N N I A I B

(n=0to7)

The count value can be read by reading TCROn.

The count value is set to FFFFH in the following cases.

¢ When the reset signal is generated

¢ When the TAUOEN bit of peripheral enable register 0 (PERO) is cleared

¢ When counting of the slave channel has been completed in the PWM output mode

¢ When counting of the master/slave channel has been completed in the one-shot pulse output mode
¢ When counting of the slave channel has been completed in the multiple PWM output mode

The count value is cleared to 0000H in the following cases.

¢ When the start trigger is input in the capture mode

¢ When capturing has been completed in the capture mode

Caution The count value is not captured to TDROn even when TCROn is read.
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The TCRON register read value differs as follows according to operation mode changes and the operating status.

Table 6-2. TCROn Register Read Value in Various Operation Modes

Operation Mode Count Mode TCRON Register Read Value°*
Operation mode Operation mode Operation restart During start trigger
change after reset change after count after count operation wait status after one
operation paused paused (TTOn = 1) count
(TTOn =1)
Interval timer Count down FFFFH Undefined Stop value -
mode
Capture mode Count up 0000H Undefined Stop value -
Event counter Count down FFFFH Undefined Stop value -
mode
One-count mode | Count down FFFFH Undefined Stop value FFFFH
Capture & one- Count up 0000H Undefined Stop value Capture value of

count mode

TDRON register + 1

Note The read values of the TCROnN register when TSOn has been set to "1" while TEOn = 0 are shown. The read value
is held in the TCROnN register until the count operation starts.

Remark n=0to7
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(2) Timer data register On (TDRON)
This is a 16-bit register from which a capture function and a compare function can be selected.

The capture or compare function can be switched by selecting an operation mode by using the MDONn3 to
MDONO bits of TMRON.

The value of TDRON can be changed at any time.
This register can be read or written in 16-bit units.
Reset signal generation clears this register to 0000H.

Figure 6-3. Format of Timer Data Register On (TDROn)

Address: FFF18H, FFF19H (TDR0O), FFF1AH, FFF1BH (TDRO1),  After reset: 0000H R/W
FFF64H, FFF65H (TDR02) to FFF6EH, FFF6FH (TDRO07)

FFF19H (TDRO00) FFF18H (TDRO00)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

e N N I

(n=0to07)

(i) When TDROn is used as compare register
Counting down is started from the value set to TDROn. When the count value reaches 0000H, an interrupt
signal (INTTMOn) is generated. TDRON holds its value until it is rewritten.

Caution TDRONn does not perform a capture operation even if a capture trigger is input, when it is
set to the compare function.

(ii) When TDROn is used as capture register
The count value of TCROnN is captured to TDROn when the capture trigger is input.
A valid edge of the TIOn pin can be selected as the capture trigger. This selection is made by TMROnN.

Remark n=0to7
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6.3 Registers Controlling Timer Array Unit
Timer array unit is controlled by the following registers.

e Peripheral enable register 0 (PERO)

e Timer clock select register 0 (TPSO0)

e Timer mode register On (TMRON)

e Timer status register On (TSRON)

¢ Timer channel enable status register 0 (TEO)

e Timer channel start register 0 (TS0)

¢ Timer channel stop register 0 (TTO)

e Timer input select register 0 (TIS0)

e Timer output enable register 0 (TOEOQ)

¢ Timer output register 0 (TOO)

¢ Timer output level register 0 (TOLO)

e Timer output mode register 0 (TOMO)

e Input switch control register (ISC)

¢ Noise filter enable register 1 (NFEN1)

e Port mode registers 0, 1, 3, 4, 14 (PMO0, PM1, PM3, PM4, PM14)
e Port registers 0, 1, 3, 4, 14 (PO, P1, P3, P4, P14)

Remark n=0to7
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(1) Peripheral enable register 0 (PERO)
PERO is used to enable or disable use of each peripheral hardware macro. Clock supply to a hardware macro
that is not used is stopped in order to reduce the power consumption and noise.
When the timer array unit is used, be sure to set bit 0 (TAUOEN) of this register to 1.
PERO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6-4. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> 1 <0>
PERO RTCEN DACEN ADCEN IICOEN SAU1EN SAUOEN 0 TAUOEN
TAUOEN Control of timer array unit input clock
0 Stops supply of input clock.

o SFR used by the timer array unit cannot be written.
e The timer array unit is in the reset status.

1 Supplies input clock.
o SFR used by the timer array unit can be read/written.

Cautions 1. When setting the timer array unit, be sure to set TAUOEN to 1 first. If TAUOEN = 0, writing
to a control register of the timer array unit is ignored, and all read values are default
values (except for timer input select register 0 (TIS0), input switch control register (ISC),
noise filter enable register 1 (NFEN1), port mode registers 0, 1, 3, 4, 14 (PMO, PM1, PM3,
PM4, PM14), and port registers 0, 1, 3, 4, 14 (PO, P1, P3, P4, P14)).

2. Be sure to clear bit 1 of the PERO register to 0.
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(2) Timer clock select register 0 (TPS0)
TPSO0 is a 16-bit register that is used to select two types of operation clocks (CK00, CK01) that are commonly
supplied to each channel. CKO1 is selected by bits 7 to 4 of TPS0, and CKO0O is selected by bits 3 to 0.
Rewriting of TPSO0 during timer operation is possible only in the following cases.

Rewriting of PRS000 to PRS003 bits: Possible only when all the channels set to CKSOn = 0 are in the
operation stopped state (TEOn = 0)

Rewriting of PRS010 to PRS013 bits: Possible only when all the channels set to CKSOn = 1 are in the
operation stopped state (TEOn = 0)

TPSO0 can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of TPS0 can be set with an 8-bit memory manipulation instruction with TPSOL.
Reset signal generation clears this register to 0000H.

Figure 6-5. Format of Timer Clock Select Register 0 (TPSO0)

Address: FO1B6H, FO1B7H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPSO 0 0 0 0 0 0 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
013 | 012 | 011 010 | 003 | 002 | 001 000
PRS | PRS | PRS | PRS Selection of operation clock (CKOm) “°*
Om3 | Om2 | Om1 | OmO foik=2 MHz foclk=5 MHz foik= 10 MHz feik =20 MHz
0 0 0 0 fork 2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 fewk/2 1 MHz 2.5 MHz 5 MHz 10 MHz
0 0 1 0 fouw/2? 500 kHz 1.25 MHz 2.5 MHz 5 MHz
0 0 1 1 fouw/2® 250 kHz 625 kHz 1.25 MHz 2.5 MHz
0 1 0 0 fok/2* 125 kHz 312.5 kHz 625 kHz 1.25 MHz
0 1 0 1 fouw/2° 62.5 kHz 156.2 kHz 312.5 kHz 625 kHz
0 1 1 0 fok/2° 31.25 kHz 78.1 kHz 156.2 kHz 312.5 kHz
0 1 1 1 fok/2’ 15.62 kHz 39.1 kHz 78.1 kHz 156.2 kHz
1 0 0 0 fouw/2® 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz
1 0 0 1 fouk/2° 3.91 kHz 9.76 kHz 19.5 kHz 39.1 kHz
1 0 1 0 fouk/2'° 1.95 kHz 4.88 kHz 9.76 kHz 19.5 kHz
1 0 1 1 fok/2" 976 Hz 2.44 kHz 4.88 kHz 9.76 kHz
1 1 0 0 fowk/2'® 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz
1 1 0 1 fowk/2' 244 Hz 610 Hz 1.22 kHz 2.44 kHz
1 1 1 0 fouk/2" 122 Hz 305 Hz 610 Hz 1.22 kHz
1 1 1 1 fowk/2'® 61 Hz 153 Hz 305 Hz 610 Hz

Note When changing the clock selected for fcLk (by changing the system clock control register (CKC)
value), stop the timer array unit (TTO = 00FFH).

Caution Be sure to clear bits 15 to 8 to “0”.

Remarks 1. fcik: CPU/peripheral hardware clock frequency
2. m=0,1 n=0to7
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(3) Timer mode register On (TMRON)

TMROnN sets an operation mode of channel n. It is used to select an operation clock (MCK), a count clock,

whether the timer operates as the master or a slave, a start trigger and a capture trigger, the valid edge of the

timer input, and an operation mode (interval, capture, event counter, one-count, or capture & one-count).

Rewriting TMROnN is prohibited when the register is in operation (when TEO = 1). However, bits 7 and 6

(CISOn1, CISONn0) can be rewritten even while the register is operating with some functions (when TEO = 1) (for
details, see 6.7 Operation of Timer Array Unit as Independent Channel and 6.8 Operation of Plural

Channels of Timer Array Unit).
TMRON can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 6-6. Format of Timer Mode Register On (TMROR) (1/3)

Address: FO190H, FO191H (TMRO00) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS 0 0 CCS | MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
On On | EROn | On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
CKS Selection of operation clock (MCK) of channel n
on
0 Operation clock CK0O set by TPSO register
1 Operation clock CK01 set by TPSO register

the CCSO0n bit.

Operation clock MCK is used by the edge detector. A count clock (TCLK) is generated depending on the setting of

CCS Selection of count clock (TCLK) of channel n
on

0 Operation clock MCK specified by CKSOn bit

1 Valid edge of input signal input from TIOn pin/subsystem clock divided by 4 (fsus/4)

Count clock TCLK is used for the timer/counter, output controller, and interrupt controller.

TER /operation as master channel in combination-operation function of channel n
on

MAS Selection of operation in single-operation function or as slave channel in combination-operation function

0 Operates in single-operation function or as slave channel in combination-operation function.

1 Operates as master channel in combination-operation function.

Only the even channel can be set as a master channel (MASTERON = 1).
Be sure to use the odd channel as a slave channel (MASTERON = 0).
Clear MASTERON to 0 for a channel that is used with the single-operation function.

Caution Be sure to clear bits 14, 13, 5, and 4 to “0”.

Remark n=0to7
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Figure 6-6. Format of Timer Mode Register On (TMRON) (2/3)

Address: FO190H, FO191H (TMRO00) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS 0 0 CCS | MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD

204

On On EROn | On2 | On1 Oon0 | Oni on0 On3 | On2 | Oni on0

STS | STS | STS Setting of start trigger or capture trigger of channel n
On2 | On1 | OnO

0 0 Only software trigger start is valid (other trigger sources are unselected).

0
0 0 1 Valid edge of TIOn pin input is used as both the start trigger and capture trigger.
0

1 0 Both the edges of TIOn pin input are used as a start trigger and a capture trigger.

-
o
o

Interrupt signal of the master channel is used (when the channel is used as a slave channel
with the combination-operation function).

Other than above | Setting prohibited

CIs | CIS Selection of TIOn pin input valid edge
on1 | OnO

0 0 Falling edge

0 1 Rising edge

1 0 Both edges (when low-level width is measured)
Start trigger: Falling edge, Capture trigger: Rising edge

1 1 Both edges (when high-level width is measured)
Start trigger: Rising edge, Capture trigger: Falling edge

If both the edges are specified when the value of the STSOn2 to STSOnO bits is other than 010B, set the CISOn1 to
CISOnO bits to 10B.

Remark n=0to7
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Figure 6-6. Format of Timer Mode Register On (TMROn) (3/3)

Address: FO190H, FO191H (TMRO00) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
TMRON CKS| O 0 | CCS |MAST| STS | STS | STS | CIS | CIS 0 MD | MD | MD | MD
On On | EROn | On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
MD | MD | MD | MD Operation mode of channel n Count operation of TCR Independent operation
On3 | On2 | On1 | OnO
0 0 0 1/0 | Interval timer mode Counting down Possible
0 1 0 1/0 | Capture mode Counting up Possible
0 1 1 0 Event counter mode Counting down Possible
1 0 0 1/0 | One-count mode Counting down Impossible
1 1 0 0 Capture & one-count mode Counting up Possible
Other than above Setting prohibited

The operation of MDONO bits varies depending on each operation mode (see table below).

Operation mode MD Setting of starting counting and interrupt
(Value set by the MDON3 to MDOR1 bits 0no
(see table above))
o Interval timer mode 0 | Timer interrupt is not generated when counting is started
(0,0,0) (timer output does not change, either).
e Capture mode 1 Timer interrupt is generated when counting is started
(0,1,0) (timer output also changes).
e Event counter mode 0 | Timer interrupt is not generated when counting is started
(0, 1,1) (timer output does not change, either).
e One-count mode 0 | Start trigger is invalid during counting operation.
(1,0,0) At that time, interrupt is not generated, either.
1 Start trigger is valid during counting operation™°®,
At that time, interrupt is also generated.
e Capture & one-count mode 0 | Timer interrupt is not generated when counting is started
(1,1,0) (timer output does not change, either).
Start trigger is invalid during counting operation.
At that time interrupt is not generated, either.
Other than above Setting prohibited

Note If the start trigger (TSOn = 1) is issued during operation, the counter is cleared, an interrupt is generated,

and recounting is started.

Remark n=0to7
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(4) Timer status register On (TSROn)
TSRON indicates the overflow status of the counter of channel n.

TSROn is valid only in the capture mode (MDONn3 to MDONn1 = 010B) and capture & one-count mode (MDON3 to
MDOn1 = 110B). It will not be set in any other mode. See Table 6-3 for the operation of the OVF bit in each

operation mode and set/clear conditions.
TSRON can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of TSROn can be set with an 8-bit memory manipulation instruction with TSROnL.

Reset signal generation clears this register to 0000H.

Figure 6-7. Format of Timer Status Register On (TSROn)

Address: FO1AOH, FO1A1H (TSR00) to FO1AEH, FO1AFH (TSR07)  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
rsron [0 ] 0] o] o] o ]o]o]olololololo]o] o or]
OVF Counter overflow status of channel n

0 Overflow does not occur.

1 Overflow occurs.

When OVF = 1, this flag is cleared (OVF = 0) when the next value is captured without overflow.

Table 6-3. OVF Bit Operation and Set/Clear Conditions in Each Operation Mode

Timer operation mode OVF Set/clear conditions
e Capture mode clear | When no overflow has occurred upon capturing
o Capture & one-count mode set When an overflow has occurred upon capturing
e Interval timer mode clear

Event counter mode
set (Use prohibited, not set and not cleared)

One-count mode

Remark The OVF bit does not change immediately after the counter has overflowed, but changes upon the

subsequent capture.
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(5) Timer channel enable status register 0 (TEO)
TEO is used to enable or stop the timer operation of each channel.
When a bit of timer channel start register 0 (TSO0) is set to 1, the corresponding bit of this register is set to 1.
When a bit of timer channel stop register 0 (TTO) is set to 1, the corresponding bit of this register is cleared to
0.
TEO can be read by a 16-bit memory manipulation instruction.
The lower 8 bits of TEO can be set with a 1-bit or 8-bit memory manipulation instruction with TEOL.
Reset signal generation clears this register to 0000H.

Figure 6-8. Format of Timer Channel Enable Status Register 0 (TEO)

Address: FO1BOH, FO1B1H  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ TEO7 ‘ TEO06 ‘ TEO05 ‘ TEO4 ‘ TEO3 ‘ TEO2 | TEO1 ‘ TEOO ‘
TEON Indication of operation enable/stop status of channel n

0 Operation is stopped.

1 Operation is enabled.

Remark n=0to7
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(6) Timer channel start register 0 (TS0)
TSO is a trigger register that is used to clear a timer counter (TCROnN) and start the counting operation of each
channel.
When a bit (TSOn) of this register is set to 1, the corresponding bit (TEOn) of timer channel enable status
register O (TEOQ) is set to 1. TSOn is a trigger bit and cleared immediately when TEOn = 1.
TS0 can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of TS0 can be set with a 1-bit or 8-bit memory manipulation instruction with TSOL.
Reset signal generation clears this register to 0000H.

Figure 6-9. Format of Timer Channel Start Register 0 (TSO0)

Address: FO1B2H, FO1B3H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSO | 0 ‘ 0 ‘ 0 | 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ TS07 ‘ TS06 ‘ TS05 | TS04 | TS03 | TS02 ‘ TSO01 ‘ TS00 ‘
TSOn Operation enable (start) trigger of channel n

0 No trigger operation

1 TEON is set to 1 and the count operation becomes enabled.
The TCRON count operation start in the count operation enabled state varies depending on each operation
mode (see Table 6-4).

Caution Be sure to clear bits 15 to 8 to “0”.
Remarks 1. When the TSO register is read, 0 is always read.

2. n=0to7

Table 6-4. Operations from Count Operation Enabled State to TCROn Count Start (1/2)

Timer operation mode Operation when TSOn = 1 is set

e Interval timer mode No operation is carried out from start trigger detection (TSOn=1) until count clock
generation.

The first count clock loads the value of TDROn to TCROn and the subsequent
count clock performs count down operation (see 6.3 (6) (a) Start timing in
interval timer mode).

e Event counter mode Writing 1 to TSOn bit loads the value of TDROn to TCRON.

The subsequent count clock performs count down operation.

The external trigger detection selected by STSOn2 to STSOnO bits in the TMRONn
register does not start count operation (see 6.3 (6) (b) Start timing in event
counter mode).

e Capture mode No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H to TCRON and the subsequent count clock
performs count up operation (see 6.3 (6) (c) Start timing in capture mode).
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Table 6-4. Operations from Count Operation Enabled State to TCROn Count Start (2/2)

Timer operation mode Operation when TSOn = 1 is set

generation.

count mode).

e One-count mode When TSOn = 0, writing 1 to TSOn bit sets the start trigger wait state.
No operation is carried out from start trigger detection until count clock

The first count clock loads the value of TDROn to TCRONn and the subsequent
count clock performs count down operation (see 6.3 (6) (d) Start timing in one-

generation.

count mode).

o Capture & one-count mode When TSO0n = 0, writing 1 to TSOn bit sets the start trigger wait state.
No operation is carried out from start trigger detection until count clock

The first count clock loads 0000H to TCRON and the subsequent count clock
performs count up operation (see 6.3 (6) (e) Start timing in capture & one-

(a) Start timing in interval timer mode

<1> Writing 1 to TSOn sets TEOn = 1
<2> The write data to TSOn is held until count clock generation.
<3> TCROnN holds the initial value until count clock generation.

<4> On generation of count clock, the “TDROnN value” is loaded to TCROn and count starts.

Figure 6-10. Start Timing (In Interval Timer Mode)

e UL UL

TSOn (write)

N

TEOn <1> /
Count clock

TSOn (write) hold signal <2>

Start trigger detection signal

<3> )

<4>

TCROn Initial value ¥ TDRON value

\

INTTMON ! |

"=~ When MDONO = 1 is set

Caution In the first cycle operation of count clock after writing TSOn, an error at a maximum of one

clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start

by setting MDONO = 1.
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(b) Start timing in event counter mode

<1> While TEOn is set to 0, TCROnN holds the initial value.
<2> Writing 1 to TSOn sets 1 to TEON.

<3> As soon as 1 has been written to TSOn and 1 has been set to TEOn, the "TDROnN value" is loaded to
TCROn to start counting.

<4> After that, the TCROn value is counted down according to the count clock.

Figure 6-11. Start Timing (In Event Counter Mode)

e T UL UL L

TSOn (write)

N

TEOn <1> )
—_—<2>

Count clock
TSOn (write) hold signal /

Start trigger detection signal

<1> )<3>
TCRONn _Initial value ¥ TDROnN value TDRON value-1

(c) Start timing in capture mode

<1> Writing 1 to TSOn sets TEOn = 1

<2> The write data to TSOn is held until count clock generation.

<3> TCRON holds the initial value until count clock generation.

<4> On generation of count clock, 0000H is loaded to TCROn and count starts.

Figure 6-12. Start Timing (In Capture Mode)

e MUy i

TSOn (write)

N

<1>

TEOn

Count clock

TSOn (write) hold signal <2>

Start trigger detection signal

<3> <4>
TCRON Initial value ¥ 0000H

\
\

INTTMON : |

""" When MDORO = 1 is set

Caution In the first cycle operation of count clock after writing TSOn, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start
by setting MDONO = 1.
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(d) Start timing in one-count mode

<1> Writing 1 to TSOn sets TEONn = 1
<2> Enters the start trigger input wait status, and TCROn holds the initial value.
<3> On start trigger detection, the “TDROnN value” is loaded to TCROn and count starts.

Figure 6-13. Start Timing (In One-count Mode)

e UL UL L

<1>

)

TSOn (write)

TEON

<R> TIOn edge detection signal

Count clock Nete ]

TSOn (write) hold signal

Start trigger detection signal

<2> )<3>
TCRON Initial value ¥ TDRON value

Start trigger input wait status

Note When the one-count mode is set, the operation clock (MCK) is selected as count clock (CCSOn = 0).

Caution An input signhal sampling error is generated since operation starts upon start trigger

detection (The error is one count clock when TIOn is used).
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(e) Start timing in capture & one-count mode

<1> Writing 1 to TSOn sets TEOn = 1
<2> Enters the start trigger input wait status, and TCROn holds the initial value.
<3> On start trigger detection, 0000H is loaded to TCROn and count starts.

Figure 6-14. Start Timing (In Capture & One-count Mode)

e LML LI

TSOn (write) <1>

)

TEON

<R> TIOn edge detection signal

Count clock Nete ]

TSOn (write) hold signal

Start trigger detection signal

<2> ) <3>
TCRON Initial value d 0000H

> >
-t -

Start trigger input wait status

Note When the capture & one-count mode is set, the operation clock (MCK) is selected as count clock
(CCSOn = 0).

Caution An input signal sampling error is generated since operation starts upon start trigger
detection (The error is one count clock when TIOn is used).
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(7) Timer channel stop register 0 (TTO0)
TTO is a trigger register that is used to clear a timer counter (TCROnN) and start the counting operation of each
channel.
When a bit (TTOn) of this register is set to 1, the corresponding bit (TEOn) of timer channel enable status
register O (TEOQ) is cleared to 0. TTOn is a trigger bit and cleared to 0 immediately when TEOn = 0.
TTO can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of TTO can be set with a 1-bit or 8-bit memory manipulation instruction with TTOL.
Reset signal generation clears this register to 0000H.

Figure 6-15. Format of Timer Channel Stop Register 0 (TT0)

Address: FO1B4H, FO1B5H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TTO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ TTO7 ‘ TTO6 ‘ TTO5 ‘ TTO4 ‘ TTO3 ‘ TTO02 | TTO1 ‘ TTOO ‘
TTOn Operation stop trigger of channel n

0 No trigger operation

1 Operation is stopped (stop trigger is generated).

Caution Be sure to clear bits 15 to 8 to “0”.

Remarks 1. When the TTO register is read, 0 is always read.
2. n=0to7

(8) Timer input select register 0 (TIS0)
TISO is used to select whether a signal input to the timer input pin (TIOn) or the subsystem clock divided by four
(fsue/4) is valid for each channel.
TISO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6-16. Format of Timer Input Select Register 0 (TIS0)

Address: FFF3EH  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TISO TIS07 TIS06 TIS05 TIS04 TISO3 TIS02 TISO1 TIS00
TISOn Selection of timer input/subsystem clock used with channel n
0 Input signal of timer input pin (TI0n)
1 Subsystem clock divided by 4 (fsus/4)

Caution When the LIN-bus communication function is used, select the input signal of the RxD3 pin by
setting ISC1 (bit 1 of the input switch control register (ISC)) to 1 and setting TIS07 to 0.
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(9) Timer output enable register 0 (TOEO)

TOEQ is used to enable or disable timer output of each channel.

Channel n for which timer output has been enabled becomes unable to rewrite the value of the TOOn bit of the
timer output register (TOO) described later by software, and the value reflecting the setting of the timer output
function through the count operation is output from the timer output pin (TOON).

TOEO can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of TOEO can be set with a 1-bit or 8-bit memory manipulation instruction with TOEOL.

Reset signal generation clears this register to 0000H.

Figure 6-17. Format of Timer Output Enable Register 0 (TOEOQ)

Address: FO1BAH, FO1BBH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOEO 0 0 0 0 0 0 0 0 TOE | TOE | TOE | TOE | TOE | TOE | TOE | TOE

214

07 06 05 04 03 02 01 00

TOE Timer output enable/disable of channel n
On

0 The TOON operation stopped by count operation (timer channel output bit).
Writing to the TOON bit is enabled.

The TOON pin functions as data output, and it outputs the level set to the TOOn bit.
The output level of the TOON pin can be manipulated by software.

1 The TOON operation enabled by count operation (timer channel output bit).

Writing to the TOON bit is disabled (writing is ignored).

The TOON pin functions as timer output, and the TOEON is set or reset depending on the timer operation.
The TOON pin outputs the square-wave or PWM depending on the timer operation.

Caution Be sure to clear bits 15 to 8 to “0”.

Remark n=0to7
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(10) Timer output register 0 (TOO0)

TOO is a buffer register of timer output of each channel.

The value of each bit in this register is output from the timer output pin (TOOn) of each channel.

This register can be rewritten by software only when timer output is disabled (TOEOn = 0). When timer output

is enabled (TOEON = 1), rewriting this register by software is ignored, and the value is changed only by the

timer operation.
To use the P01/TO00, P16/TO01, P17/TO02, P31/TO03, P42/TO04, P05/TO05, P06/TO06, or P145/TO07 pin
as a port function pin, set the corresponding TOOn bit to “0”.

TOO can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of TOO can be set with an 8-bit memory manipulation instruction with TOOL.

Reset signal generation clears this register to 0000H.

Address: FO1B8H, FO1B9H  After reset: 0000H R/W

Figure 6-18. Format of Timer Output Register 0 (TOO0)

Symbol 15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
TOO 0 0 0 0 0 0 0 TOO | TOO | TOO | TOO | TOO | TOO | TOO | TOO
7 6 5 4 3 2 1 0
TOO Timer output of channel n
n
0 Timer output value is “0”.
1 Timer output value is “1”.
Caution Be sure to clear bits 15 to 8 to “0”.
Remark n=0to7
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(11) Timer output level register 0 (TOLO)
TOLO is a register that controls the timer output level of each channel.
The setting of the inverted output of channel n by this register is reflected at the timing of set or reset of the
timer output signal while the timer output is enabled (TOEOn = 1) in the combination-operation mode (TOMOn
=1). In the toggle mode (TOMOnN = 0), this register setting is invalid.
TOLO can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of TOLO can be set with an 8-bit memory manipulation instruction with TOLOL.
Reset signal generation clears this register to 0000H.

Figure 6-19. Format of Timer Output Level Register 0 (TOLO)

Address: FO1BCH, FO1BDH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOLO 0 0 0 0 0 0 0 0 TOL | TOL | TOL | TOL | TOL | TOL | TOL | TOL
07 06 05 04 03 02 01 00

TOL Control of timer output level of channel n
On

0 Positive logic output (active-high)

1 Inverted output (active-low)

Caution Be sure to clear bits 15 to 8 to “0”.

Remarks 1. If the value of this register is rewritten during timer operation, the timer output is inverted when
the timer output signal changes next, instead of immediately after the register value is rewritten.

2. n=0to7
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(12) Timer output mode register 0 (TOMO)
TOMO is used to control the timer output mode of each channel.
When a channel is used for the single-operation function, set the corresponding bit of the channel to be used
to 0.
When a channel is used for the combination-operation function (PWM output, one-shot pulse output, or

multiple PWM output), set the corresponding bit of the master channel to 0 and the corresponding bit of the
slave channel to 1.

The setting of each channel n by this register is reflected at the timing when the timer output signal is set or
reset while the timer output is enabled (TOEOn = 1).

TOMO can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of TOMO can be set with an 8-bit memory manipulation instruction with TOMOL.

Reset signal generation clears this register to 0000H.

Figure 6-20. Format of Timer Output Mode Register 0 (TOMO)

Address: FO1BEH, FO1BFH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOMO 0 0 0 0 0 0 0 0O |TOM | TOM | TOM | TOM | TOM | TOM | TOM | TOM
07 06 05 04 03 02 01 00

TOM Control of timer output mode of channel n
on

0 Toggle operation mode (to produce toggle output by timer interrupt request signal (INTTMOn))

1 Combination-operation mode (output is set by the timer interrupt request signal (INTTMOnN) of the master
channel, and reset by the timer interrupt request signal (INTTMOm) of the slave channel)

Caution Be sure to clear bits 15 to 8 to “0”.
Remark n: Channel number, m: Slave channel number

n=0to 7 (n=0, 2, 4, 6 for master channel)
n <m <7 (where mis a consecutive integer greater than n)
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(13) Input switch control register (ISC)

ISC is used to implement LIN-bus communication operation with channel 7 in association with serial array unit

1.

When bit 1 of this register is set to 1, the input signal of the serial data input pin (RxD3) is selected as a timer

input signal.
ISC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 6-21. Format of Input Switch Control Register (ISC)

Address: FFF3CH  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 0 0 0 ISC1 ISCO
ISC1 Switching channel 7 input of timer array unit
0 Uses the input signal of the TI07 pin as a timer input (normal operation).
1 Input signal of RxD3 pin is used as timer input
<R> (to measure the pulse widths of the sync break field and sync field).
1ISCO Switching external interrupt (INTPO) input
0 Uses the input signal of the INTPO pin as an external interrupt (normal operation).
<R> 1 Uses the input signal of the RxD3 pin as an external interrupt (wakeup signal detection).

Caution Be sure to clear bits 7 to 2 to “0”.

Remark When the LIN-bus communication function is used, select the input signal of the RxD3 pin by setting

ISC1 to 1 and setting TISO7 (bit 7 of the timer input select register 0 (TIS0)) to 0.

(14) Noise filter enable register 1 (NFEN1)

NFENT1 is used to set whether the noise filter can be used for the timer input signal to each channel.
Enable the noise filter by setting the corresponding bits to 1 on the pins in need of noise removal.

When the noise filter is ON, match detection and synchronization of the 2 clocks is performed with the
CPU/peripheral hardware clock (fcik). When the noise filter is OFF, only synchronization is performed with

the CPU/peripheral hardware clock (fcLk).
NFEN1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.
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Figure 6-22. Format of Noise Filter Enable Register 1 (NFEN1)

Address: FOO61H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
NFENH1 TNFENO7 TNFENO6 TNFENO5 TNFENO4 TNFENO3 ‘ TNFENO2 ‘ TNFENO1 TNFENOO
TNFENO7 Enable/disable using noise filter of TI07/TO07/P145 pin or RxD3/P14 pin input signal"**®
0 Noise filter OFF
1 Noise filter ON
TNFENO6 Enable/disable using noise filter of TI06/TO06/P06 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO5 Enable/disable using noise filter of TI05/TO05/P05 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO4 Enable/disable using noise filter of TI04/TO04/P42 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO3 Enable/disable using noise filter of TIO3/TO03/INTP4/P31 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO2 Enable/disable using noise filter of TI02/TO02/P17 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO1 Enable/disable using noise filter of TIO1/TO01/INTP5/P16 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENOO Enable/disable using noise filter of TIO0/P00 pin input signal
0 Noise filter OFF
1 Noise filter ON

Note The applicable pin can be switched by setting ISC1 of the ISC register.

ISC1=0: Whether or not to use the noise filter of TIO7 pin can be selected.

ISC1 = 1: Whether or not to use the noise filter of RxD3 pin can be selected.
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(15) Port mode registers 0, 1, 3, 4, 14 (PMO, PM1, PM3, PM4, PM14)
These registers set input/output of ports 0, 1, 3, 4, and 14 in 1-bit units.
When using the PO01/TO00, PO5/TO05/TI05, PO6/TO06/TI06, P16/TO01/TIO1/INTP5, P17/TO02/TI02,
P31/TO03/TIO3/INTP4, P42/TO04/T104, and P145/TO07/TI07 pins for timer output, set PM01, PM05, PMO6,
PM16, PM17, PM31, PM42, and PM145 and the output latches of P01, P05, P06, P16, P17, P31, P42, and
P145 to 0.
When using the POO/TI00, PO05/TO05/TI05, P06/TO06/TI06, P16/TO01/TIO1/INTP5, P17/TO02/TI02,
P31/TO03/TI03/INTP4, P42/TO04/TI04, and P145/TO07/TI07 pins for timer input, set PM00, PM05, PMO06,
PM16, PM17, PM31, PM42, and PM145 to 1. At this time, the output latches of P00, P05, P06, P16, P17,
P31, P42, and P145 may be 0 or 1.
PMO, PM1, PM3, PM4, and PM14 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 6-23. Format of Port Mode Registers 0, 1, 3, 4, and 14 (PMO, PM1, PM3, PM4, PM14)

Address: FFF20H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PMO 1 PMO06 PMO05 PMO04 PMO03 PMO02 PMO1 PMO00O

Address: FFF21H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PM1 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10

Address: FFF23H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PM3 1 1 1 1 1 1 PM31 PM30

Address: FFF24H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PM4 PM47 PM46 PM45 PM44 PM43 PM42 PM41 PM40

Address: FFF2EH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM14 1 1 PM145 PM144 PM143 PM142 PM141 PM140
PMmn Pmn pin /0 mode selection (m=0, 1, 3,4,14;,n=0t0 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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6.4 Channel Output (TOOn pin) Control

6.4.1 TOON pin output circuit configuration

Figure 6-24. Output Circuit Configuration

<5>
TOON register
Interrupt signal of the master channel
(INTTMON) 5
’_O = Set
e —
Interrupt signal of the slave channel é — TOOnN pin
(INTTMOp) ,_:>— Reset/toggle
<1>
<2>
<3> <4>
TOLON
TOEON TOON write signal

The following describes the TOOnN pin output circuit.

<1> When TOMOnN = 0 (toggle mode), the set value of the TOLON register is ignored and only INTTMOp (slave

<2>

channel timer interrupt) is transmitted to the TOOnN register.

When TOMOn = 1 (combination-operation mode), both INTTMOn (master channel timer interrupt) and
INTTMOp (slave channel timer interrupt) are transmitted to the TOOn register.

At this time, the TOLON register becomes valid and the signals are controlled as follows:

When TOLONn = 0: Forward operation (INTTMO — set, INTTMOp — reset)
When TOLOn = 1: Reverse operation (INTTMO — reset, INTTMOp — set)

When INTTMOn and INTTMOp are simultaneously generated, (0% output of PWM), INTTMOp (reset
signal) takes priority, and INTTMOn (set signal) is masked.

<3> When TOEONn = 1, INTTMOnN (master channel timer interrupt) and INTTMOp (slave channel timer interrupt)

<4>

are transmitted to the TOON register. Writing to the TOOnN register (TOON write signal) becomes invalid.
When TOEON = 1, the TOON pin output never changes with signals other than interrupt signals.

To initialize the TOON pin output level, it is necessary to set TOEOn = 0 and to write a value to TOOn.
When TOEOn = 0, writing to TOOn bit to the target channel (TOOn write signal) becomes valid. When
TOEONn = 0, neither INTTMOn (master channel timer interrupt) nor INTTMOp (slave channel timer
interrupt) is transmitted to TOON register.

<5> The TOON register can always be read, and the TOOn pin output level can be checked.

Remarks 1. n=0to 7 (n =0, 2, 4, or 6 for master channel)

2.p=n+1,n+2,n+3..(wherep<7)
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6.4.2 TOON Pin Output Setting
The following figure shows the procedure and status transition of TOOn out put pin from initial setting to timer
operation start.

Figure 6-25. Status Transition from Timer Output Setting to Operation Start

TCRONn Undefined value (FFFFH after reset) | I\

(Counter)

Timer alternate-function pin = == == == = = = = = = = = = =

Timer output signal —l

TOEON \ |

TOON | | I

'

'

'

L

T

'

'

'

} ! ;

(Write operation enabled period to TOOnX Write operation disabled period to TOOn )
' T n
' ' '
A A A A
<1> Set the TOMOn  <2> Set the TOOn <3> Set the TOEOn <4> Set the port to <5> Timer operation start
Set the TOLOn output mode

<1> The operation mode of timer output is set.

e TOMOnN bit (0: Toggle mode, 1: Combination-operation mode)
e TOLON bit (0: Forward output, 1: Reverse output)

<2> The timer output signal is set to the initial status by setting TOOnN.

<3> The timer output operation is enabled by writing 1 to TOEOn (writing to TOOn is disabled).
<4> The port I/O setting is set to output (see 6.3 (15) Port mode registers 0, 1, 3, 4, 14).
<5> The timer operation is enabled (TSOn = 1).

Remark n=0to7

6.4.3 Cautions on Channel Output Operation

(1) Changing values set in registers TO0,TOEO,TOLO, and TOMO during timer operation

Since the timer operations (operations of TCROn and TDRON) are independent of the TOOn output circuit and
changing the values set in TO0, TOEO, TOLO, and TOMO does not affect the timer operation, the values can be
changed during timer operation. To output an expected waveform from the TOOn pin by timer operation,
however, set TOO, TOEO, TOLO, and TOMO to the values stated in the register setting example of each
operation.

When the values set in TOEO, TOLO, and TOMO (except for TOO) are changed close to the timer interrupt
(INTTMOn), the waveform output to the TOOn pin may be different depending on whether the values are
changed immediately before or immediately after the timer interrupt (INTTMOn) signal generation timing.

Remark n=0to7
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(2) Default level of TOON pin and output level after timer operation start

The following figure shows the TOOn pin output level transition when writing has been done in the state of
TOEON = 0 before port output is enabled and TOEON = 1 is set after changing the default level.

(a) When operation starts with TOMOn = 0 setting (toggle output)
The setting of TOLOnN is invalid when TOMOn = 0. When the timer operation starts after setting the default

level, the toggle signal is generated and the output level of TOOnN pin is reversed.

Figure 6-26. TOONn Pin Output Status at Toggle Output (TOMOn = 0)

TOEON

Default level, TOLON setting
TOONn =0, TOLONn =0 Hi-Z

|
[
[

TOONn=1,TOLON =0 Hi-Z

|
|

TOONn =0, TOLON =1
(Same output waveform as TOLOn = 0)

Hi-Z

l
:
:

|
|

TOONn =1, TOLON =1

Hi-Z
(Same output waveform as TOLOn = 0) I

1
> ) Independe
Dependent on TOON setting
1

S -

t of TOLONn se.tting

-

1
Port output is enabled

>-----
D
>-------
>------
D it

Toggle Toggle Toggle Toggle Toggle

TOON pin transition

Remarks 1. Toggle: Reverse TOOn pin output status
2. n=0to7
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(b) When operation starts with TOMOn = 1 setting (Combination-operation mode (PWM output))
When TOMOnN = 1, the active level is determined by TOLOn setting.

Figure 6-27. TOONn Pin Output Status at PWM Output (TOMOn = 1)

TOEON

Default level, TOLOn setting
TOOn =0, TOLONn =0
(Active high)

TOOn =1, TOLONn =0 Hi-Z
(Active high)

|
[
[

Hi-Z

I
I

E No change; ' ' '
TOON =0, TOLON =1 15 o
, Hi-z |_| |_|
(Active low) | i : : ! :
TOOn =1, TOLON = 1 o
, Hi-Z | J | | | | |
(Active low) I ! . \

|

Dependent on TOON setting
A |

Deper{dent on TOLON setting

Port output is enabled o

|>............
|>......
SRR

A A
Set Reset Set Reset t
TOON pin transition
Remarks 1. Set: The output signal of TOOn pin changes from inactive level to active level.

Reset:  The output signal of TOOn pin changes from active level to inactive level.
2. n=0to7

(3) Operation of TOON pin in combination-operation mode (TOMOn = 1)

(a) When TOLOnN setting has been changed during timer operation
When the TOLOn setting has been changed during timer operation, the setting becomes valid at the
generation timing of TOOn change condition. Rewriting TOLON does not change the output level of TOON.
The following figure shows the operation when the value of TOLOn has been changed during timer
operation (TOMOn = 1).

Figure 6-28. Operation when TOLOn Has Been Changed during Timer Operation

Internal set signal I I I [

Internal reset signal ( [ { [

?
TOLON \ \ /I\ > >
)/ »’: »/ »’: ( /" ,
[ [ 1 #

TOON pin

TOON does not change  Set/reset signals are inverted

Remarks 1. Set: The output signal of TOOn pin changes from inactive level to active level.
Reset:  The output signal of TOOn pin changes from active level to inactive level.
2. n=0to7
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(b) Set/reset timing
To realize 0%/100% output at PWM output, the TOOn pin/TOON set timing at master channel timer interrupt
(INTTMOn) generation is delayed by 1 count clock by the slave channel.
If the set condition and reset condition are generated at the same time, a higher priority is given to the
latter.
Figure 6-29 shows the set/reset operating statuses where the master/slave channels are set as follows.

Master channel: TOEOn =1, TOMOn =0, TOLONn =0
Slave channel: TOEOp =1, TOMOp =1, TOLOp =0

Figure 6-29. Set/Reset Timing Operating Statuses

w (U U UL

Count clock

Master channel INTTMOn

to_reset
(Internal signal)

TOON pin/
TOON

Toggle

to_set !
(Internal signal) .

Delays to_reset by 1 count
clock with slave channel

Slave channel INTTMOp

to_reset
(Internal signal)

TOOp pin/ s )

TOOp

\_

Set Reset

Remarks 1. to_reset: TOON pin reset/toggle signal
to_set: TOON pin set signal
2. n=0to 7 (where n =0, 2, 4, or 6 for master channel)
3. p=n+1,n+2, n+3 ... (where p < 7)
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6.4.4 Collective manipulation of TOOn bits

In the TOO register, the setting bits for all the channels are located in one register in the same way as the TS0

register (channel start trigger). Therefore, TOOnN of all the channels can be manipulated collectively. Only specific bits
can also be manipulated by setting the corresponding TOEON = 0 to a target TOOn (channel output).

Figure 6-30. Example of TOOn Bits Collective Manipulation

Before writing

TOO 0 0 0 0 0 0 0 0 TOO7 | TOO06 | TOO5 | TO04 | TOO3 | TOO2 | TOO1 | TOOO
0 0 1 0 0 0 1 0
TOEO 0 0 0 0 0 0 0 0 |TOEO7|TOEO6| TOEO5 | TOEO4 | TOE03| TOE02 | TOEQ1 | TOEQO
0 0 1 0 1 1 1 1
Data to be written
lofJoJofoJoJofoJoJafasfoJofo o ][]
After writing ? ? % ? % % % %
TOO 0 0 0 0 0 0 0 0 |TOO07|TO06 | TOO5 | TOO4 | TOO3 | TOO02 | TOO1 | TOOO
1 1 1 0 0 0 1 0

Writing is done only to TOOn bits with TOEOn = 0, and writing to TOOnN bits with TOEOn = 1 is ignored.
TOON (channel output) to which TOEOn = 1 is set is not affected by the write operation. Even if the write operation

is done to TOON, it is ignored and the output change by timer operation is normally done.

Figure 6-31. TOOn Pin Statuses by Collective Manipulation of TOon Bits

TO07

TO06

Two or more TOOn output can
be changed simultaneously

Output does not change

TO05

TO04

when value does not
change

TOO03

<

Writing to TOOnN register

TO02

)

is ignored when TOEON
=1

TOO1

TOO00

JLJJ L

&

A
Before writing

R AR P .

>

Writing to TOOnN register

(Caution and Remark are given on the next page.)
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Caution When TOEON = 1, even if the output by timer interrupt of each timer (INTTMOn) contends with
writing to TOON, output is normally done to TOOn pin.

Remark n=0to7

6.4.5 Timer Interrupt and TOOn Pin Output at Operation Start

In the interval timer mode or capture mode, the MDONO bit in the TMROnN register sets whether or not to generate a
timer interrupt at count start.

When MDONO is set to 1, the count operation start timing can be known by the timer interrupt (INTTMOnN)
generation.

In the other modes, neither timer interrupt at count operation start nor TOOn output is controlled.

Figures 6-32 and 6-33 show operation examples when the interval timer mode (TOEOn = 1, TOMOn = 0) is set.

Figure 6-32. When MDONO is set to 1

TCRON M

TEON |
INTTMOnN T M M

TOON [ | —

Count operation start

When MDONO is set to 1, a timer interrupt (INTTMOnN) is output at count operation start, and TOOn performs a
toggle operation.

Figure 6-33. When MDONO is set to 0

TCRON M

TEON I

INTTMON

TOON

'
'
'
'
! L
T
' |
' ' 1
' i
' '
'
|
'
|

A
Count operation start

When MDONO is set to 0, a timer interrupt (INTTMON) is not output at count operation start, and TOOn does not
change either. After counting one cycle, INTTMOn is output and TOOn performs a toggle operation.

Remark n=0to7
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6.5 Channel Input (TIOn Pin) Control
6.5.1 TIOn edge detection circuit

(1) Edge detection basic operation timing
Edge detection circuit sampling is done in accordance with the operation clock (MCK).

Figure 6-34. Edge Detection Basic Operation Timing

e TUUUUTTUHHTU UL
Operation clock (MCK) _I_l |_| |_| |_| |—| |—| |—| |—| |—|

Synchronized (noise filter)
internal TIOn signal | |

Rising edge detection internal trigger |_|

Falling edge detection internal trigger |_|

Remark n=0to7
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6.6 Basic Function of Timer Array Unit

6.6.1 Overview of single-operation function and combination-operation function

The timer array unit consists of several channels and has a single-operation function that allows each channel to

operate independently, and a combination-operation function that uses two or more channels in combination.

The single-operation function can be used for any channel, regardless of the operation mode of the other channels.

The combination-operation function is realized by combining a master channel (reference timer that mainly counts

periods) and a slave channel (timer that operates in accordance with the master channel), and several rules must be

observed when using this function.

6.6.2 Basic rules of combination-operation function

The basic rules of using the combination-operation function are as follows.

Only an even channel (channel 0, 2, 4, etc.) can be set as a master channel.

Any channel, except channel 0, can be set as a slave channel.

The slave channel must be lower than the master channel.

Example: If channel 2 is set as a master channel, channel 3 or those that follow (channels 3, 4, 5, etc.) can
be set as a slave channel.

Two or more slave channels can be set for one master channel.

When two or more master channels are to be used, slave channels with a master channel between them may

not be set.

Example: If channels 0 and 4 are set as master channels, channels 1 to 3 can be set as the slave channels
of master channel 0. Channels 5 to 7 cannot be set as the slave channels of master channel 0.

The operating clock for a slave channel in combination with a master channel must be the same as that of the
master channel. The CKS bit (bit 15 of the TMRON register) of the slave channel that operates in combination
with the master channel must be the same value as that of the master channel.

A master channel can transmit INTTMOn (interrupt), start software trigger, and count clock to the lower
channels.

A slave channel can use the INTTMOn (interrupt), start software trigger, and count clock of the master channel,
but it cannot transmit its own INTTMOn (interrupt), start software trigger, and count clock to the lower channel.
A master channel cannot use the INTTMOn (interrupt), start software trigger, and count clock from the other
master channel.

(10) To simultaneously start channels that operate in combination, the TSOn bit of the channels in combination

must be set at the same time.

(11) During a counting operation, the TSOn bit of all channels that operate in combination or only the master

channel can be set. TSOn of only a slave channel cannot be set.

(12) To stop the channels in combination simultaneously, the TTOn bit of the channels in combination must be set

at the same time.

Remark n=0to7
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6.6.3 Applicable range of basic rules of combination-operation function

The rules of the combination-operation function are applied in a channel group (a master channel and slave
channels forming one combination-operation function).

If two or more channel groups that do not operate in combination are specified, the basic rules of the combination-
operation function in 6.6.2 Basic rules of combination-operation function do not apply to the channel groups.

Example

Channel group 1
/ (combination-operation function)

CKO00 !
—> | Channel 0: Master

Channel group 2
(combination-operation function)

: | Channel 1: Slave |

| Channel 2: Slave |

| Channel 4: Master | * The operating clock of channel group 1 may

be different from that of channel group 2.

| Channel 5: Slave |

/
'
'
1
'
'
'
'
'
'
'
'
\

------------ _ ------ * A channel that operates single-operation
|Channe| 6: Single-operation function | function may be between channel group 1
and channel group 2.

| Channel 7: Single-operation function |
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6.7 Operation of Timer Array Unit as Independent Channel

6.7.1 Operation as interval timer/square wave output

)

&)

Interval timer

The timer array unit can be used as a reference timer that generates INTTMOnN (timer interrupt) at fixed
intervals.

The interrupt generation period can be calculated by the following expression.

Generation period of INTTMOnN (timer interrupt) = Period of count clock x (Set value of TDROn + 1) |

A subsystem clock divided by four (fsus/4) can be selected as the count clock, in addition to CKO0 and CKO1.
Consequently, the interval timer can be operated with the count clock fixed to fsue/4, regardless of the fcik
frequency (main system clock, subsystem clock). When changing the clock selected as fcik (changing the
value of the system clock control register (CKC)), however, stop the timer array unit (TAU) (TTO = O0FFH) first.

Operation as square wave output

TOON performs a toggle operation as soon as INTTMOn has been generated, and outputs a square wave with
a duty factor of 50%.

The period and frequency for outputting a square wave from TOOn can be calculated by the following
expressions.

| o Period of square wave output from TOOn = Period of count clock x (Set value of TDRONn + 1) x 2 |

| ¢ Frequency of square wave output from TOOn = Frequency of count clock/{(Set value of TDROn + 1) x 2} |

TCRON operates as a down counter in the interval timer mode.

TCRON loads the value of TDROnN at the first count clock after the channel start trigger bit (TSOn) is set to 1. If
MDONO of TMRON = 0 at this time, INTTMOn is not output and TOOn is not toggled. If MDONnO of TMROn = 1,
INTTMOn is output and TOOnN is toggled.

After that, TCROn count down in synchronization with the count clock.

When TCROn = 0000H, INTTMOn is output and TOOn is toggled at the next count clock. At the same time,
TCRON loads the value of TDROnN again. After that, the same operation is repeated.

TDRON can be rewritten at any time. The new value of TDROn becomes valid from the next period.

Remarks 1. n=0to7

2. fok: CPU/peripheral hardware clock frequency
fsus: Subsystem clock oscillation frequency
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Figure 6-35. Block Diagram of Operation as Interval Timer/Square Wave Output
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Figure 6-36. Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDONnO = 1)
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Remark n=0to7
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CHAPTER 6 TIMER ARRAY UNIT

Figure 6-37. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output
(1/3)

(1) When CKO00 or CKO1 is selected as count clock

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMROn | ckson CCSon T"é:iﬂ STSONn2|STSON1|STSON0| CISON1 | CISONO MDOn3 | MDOn2 | MDOn1 | MDONO
1/0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1/0
I | I |

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMOnN nor inverts
timer output when counting is started.
1: Generates INTTMOn and inverts timer
output when counting is started.

| __Selection of TIOn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

|__Slave/master selection
0: Cleared to 0 when single-operation function is selected.

|__Count clock selection
0: Selects operation clock.

| Operation clock selection
0: Selects CKOO as operation clock of channel n.
1: Selects CK0O1 as operation clock of channel n.

(b) Timer output register 0 (TOO0)

Bit n
TOO TOOn 0: Outputs 0 from TOON.
1/0 1: Outputs 1 from TOON.

(c) Timer output enable register 0 (TOEO)

Bit n
TOEO | TOEON 0: Stops the TOOnN output operation by counting operation.
1/0 1: Enables the TOOnN output operation by counting operation.

(d) Timer output level register 0 (TOLO)
Bit n
TOLO TOLOn 0: Cleared to 0 when TOMOn = 0 (toggle mode)
0

(e) Timer output mode register 0 (TOMO)
Bit n
TOMO |TOMoOn 0: Sets toggle mode.
0

Remark n=0to7
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Figure 6-37. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output
(2/3)

(2) When fsue/4 is selected as count clock

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON | ckson CCSson T“é:in STSO0n2|STSON1|STSONO| CISON1 | CISONO MDON3 | MDON2 | MDON1 | MDONO
1/0 0 0 1 0 0 0 0 1/0 1/0 0 0 0 0 0 1/0

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMOn nor inverts
timer output when counting is started.
1: Generates INTTMOn and inverts timer
output when counting is started.

| fsus/4 edge selection

00B: Detects falling edge (counts on fsus/4 cycles).
01B: Detects rising edge (counts on fsue/4 cycles).
10B: Detects both edges (counts on fsus2 cycles).
11B: Setting prohibited

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
0: Cleared to 0 when single-operation function is selected.

|___Count clock selection
1: Selects subsystem clock divided by four (fsue/4).

| Operation clock selection

0: Selects CKOO as operation clock of channel n.

1: Selects CKO1 as operation clock of channel n.

fewk (no division) is selected as selected operation clock by TPSO register.

(b) Timer clock select register 0 (TPS0)
Bits 7t0o 4, 3t0 0

TPSO PRSO0k3 to PRS0k0 | 0000B: Selects fcik (no division) as operation clock selected by CKSOn of TMRON register.
0000 k = 0 (bits 0 to 3) when CKOO is selected and k = 1 (bits 4 to 7) when CKO1 is selected

(c) Timer input select register 0 (TIS0)
Bit n

TISO TISon 1: Selects subsystem clock divided by four (fsue/4).
1

(d) Timer output register 0 (TOO0)

Bit n
TOO TOONn 0: Outputs 0 from TOON.
1/0 1: Outputs 1 from TOON.

Remarks 1. n=0to7,k=0, 1
2. fsus: Subsystem clock oscillation frequency
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Figure 6-37. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output

(3/3)
(2) When fsue/4 is selected as count clock (continued)

(e) Timer output enable register 0 (TOEOQ)

Bit n
TOEO | TOEON 0: Stops the TOOnN output operation by counting operation.
1/0 1: Enables the TOOnN output operation by counting operation.

(f) Timer output level register 0 (TOLO)
Bit n
TOLO | TOLON 0: Cleared to 0 when TOMON = 0 (toggle mode)
0

(g) Timer output mode register 0 (TOMO)
Bit n

TOMO |TOMon 0: Sets toggle mode.
0

Remark n=0to7
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Figure 6-38. Operation Procedure of Interval Timer/Square Wave Output Function

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUOEN bit of the PERO register to 1.——— ¥ Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Sets the TPSO register.
Determines clock frequencies of CKO0 and CKO1.

Channel | Sets the TMROnN register (determines operation mode of | Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)

setting Sets the TISOn bit to 1 (fsus/4) when fsus/4 is selected as
the count clock.
Sets interval (period) value to the TDROn register.

To use the TOON output The TOON pin goes into Hi-Z output state.
Clears the TOMOn bit of the TOMO register to 0 (toggle
mode).

Clears the TOLOnN bit to 0.

Sets the TOON bit and determines default level of the

TOON output. » The TOON default setting level is output when the port mode
register is in the output mode and the port register is 0.

Sets TOEON to 1 and enables operation of TOON. jTOOn does not change because channel stops operating.
Clears the port register and port mode register to 0. The TOON pin outputs the TOON set level.

\4

Operation is resumed.

Operation | Sets TOEON to 1 (only when operation is resumed).
start Sets the TSOn bit to 1. TEOn = 1, and count operation starts.
The TSOn bit automatically returns to 0 because it is a Value of TDROn is loaded to TCROnN at the count clock
trigger bit. input. INTTMOn is generated and TOOn performs toggle
operation if the MDONO bit of the TMROnN register is 1.
During Set values of the TMROnN register, TOMOn, and TOLOn Counter (TCROnN) counts down. When count value reaches
operation | bits cannot be changed. 0000H, the value of TDROn is loaded to TCRON again and the
Set value of the TDROnN register can be changed. count operation is continued. By detecting TCROn = 0000H,
The TCROnN register can always be read. INTTMOn is generated and TOOn performs toggle operation.
The TSRON register is not used. After that, the above operation is repeated.
Set values of the TOO0 and TOEQO registers can be
changed.
Operation | The TTOn bit is set to 1. TEOn = 0, and count operation stops.
stop The TTOn bit automatically returns to 0 because it is a TCRON holds count value and stops.
trigger bit. The TOON output is not initialized but holds current status.

TOEON is cleared to 0 and value is set to TOOn bit. =~ —® The TOON pin outputs the TOON set level.

TAU stop | To hold the TOOn pin output level
Clears TOON bit to 0 after the value to

be held is set to the port register. ———®The TOON pin output level is held by port function.
When holding the TOOnN pin output level is not necessary

Switches the port mode register to input mode. jThe TOON pin output level goes into Hi-Z output state.

The TAUOEN bit of the PERQO register is cleared to 0. Power-off status

All circuits are initialized and SFR of each channel is also
initialized.

(The TOON bit is cleared to 0 and the TOON pin is set to
port mode.)

Remark n=0to7
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6.7.2 Operation as external event counter
The timer array unit can be used as an external event counter that counts the number of times the valid input edge

(external event) is detected in the TIOn pin. When a specified count value is reached, the event counter generates an
interrupt. The specified number of counts can be calculated by the following expression.

| Specified number of counts = Set value of TDRON + 1

TCRON operates as a down counter in the event counter mode.

When the channel start trigger bit (TSOn) is set to 1, TCROnN loads the value of TDROnN.

TCRON counts down each time the valid input edge of the TIOn pin has been detected. When TCROn = 0000H,
TCROnN loads the value of TDRON again, and outputs INTTMON.

After that, the above operation is repeated.

TOON must not be used because its waveform depends on the external event and irregular.

TDRON can be rewritten at any time. The new value of TDROn becomes valid during the next count period.

Figure 6-39. Block Diagram of Operation as External Event Counter
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=

Remark n=0to7

Figure 6-40. Example of Basic Timing of Operation as External Event Counter
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Remark n=0to7
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Figure 6-41. Example of Set Contents of Registers in External Event Counter Mode

(a) Timer mode register On (TMRON)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON | ckson CCSson T“é’;in STSOn2|STSON1 [STSONO | CISON1 | CISONO MDON3 | MDONn2 | MDOn1 | MDONO
1/0 0 0 1 0 0 0 0 1/0 1/0 0 0 0 1 1 0

Operation mode of channel n
011B: Event count mode

Setting of operation when counting is started
0: Neither generates INTTMOnN nor inverts
timer output when counting is started.

| Selection of TIOn pin input edge

00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.

11B: Setting prohibited

| Start trigger selection

000B: Selects only software start.

| Count clock selection
1: Selects the TIOn pin input valid edge.

| Slave/master selection
0: Cleared to 0 when single-operation function is selected.

| Operation clock selection 0: Selects CKOO as operation clock of channel n.

1: Selects CKO1 as operation clock of channel n.

(b) Timer output register 0 (TO0)
Bit n
TOO TOOn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEQ)

Bit n
TOEO | TOEON 0: Stops the TOON output operation by counting operation.
0
(d) Timer output level register 0 (TOLO)
Bit n
TOLO | ToOLON 0: Cleared to 0 when TOMON = 0 (toggle mode).
0
(e) Timer output mode register 0 (TOMO)
Bit n
TOMO | TOMONn 0: Sets toggle mode.
0

Remark n=0to7
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Figure 6-42. Operation Procedure When External Event Counter Function Is Used

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUOEN bit of the PERO register to 1.——————®Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Sets the TPSO register.
Determines clock frequencies of CK00 and CKO1.

Channel | Sets the TMROnN register (determines operation mode of | Channel stops operating.

default channel). (Clock is supplied and some power is consumed.)
setting Sets number of counts to the TDRON register.
Clears the TOEON bit of the TOEO register to 0.

Operation is resumed.

Operation | Sets the TSOn bit to 1. TEONn = 1, and count operation starts.
start The TSOn bit automatically returns to 0 because it is a Value of TDROn is loaded to TCRONn and detection of
trigger bit. the TIOn pin input edge is awaited.
During Set value of the TDROnN register can be changed. Counter (TCRON) counts down each time input edge of the
operation | The TCROn register can always be read. TIOn pin has been detected. When count value reaches
The TSRON register is not used. 0000H, the value of TDROn is loaded to TCRONn again, and
Set values of the TMROnN register, TOMOn, TOLOn, TOOnN, | the count operation is continued. By detecting TCROn =
and TOEOnN bits cannot be changed. 0000H, the INTTMOn output is generated.
After that, the above operation is repeated.
Operation | The TTOn bit is set to 1. TEONn = 0, and count operation stops.
stop The TTOn bit automatically returns to 0 because it is a TCRON holds count value and stops.
trigger bit.

TAU stop | The TAUOEN bit of the PERO register is cleared to 0. —®Power-off status
All circuits are initialized and SFR of each channel is
also initialized.

Remark n=0to7
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6.7.3 Operation as frequency divider (channel 0 only)

The timer array unit can be used as a frequency divider that divides a clock input to the TI00 pin and outputs the
result from TOOO.

The divided clock frequency output from TOO0O can be calculated by the following expression.

¢ When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDROO + 1) x 2}
¢ When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDR0O + 1)

TCROO operates as a down counter in the interval timer mode.

After the channel start trigger bit (TS00) is set to 1, TCRO0O loads the value of TDR0O when the TIOO0 valid edge is
detected. If MD0OOO of TMROO = 0 at this time, INTTMOO is not output and TOOO is not toggled. If MDOOO of TMROO =
1, INTTMOO is output and TOOQO is toggled.

After that, TCROO counts down at the valid edge of TI00. When TCRO0 = 0000H, it toggles TO00. At the same
time, TCROO loads the value of TDROO again, and continues counting.

If detection of both the edges of TI0O is selected, the duty factor error of the input clock affects the divided clock
period of the TOO00 output.

The period of the TOO0O0 output clock includes a sampling error of one period of the operation clock.

Clock period of TO00 output = Ideal TO0O0 output clock period + Operation clock period (error) |

TDROO can be rewritten at any time. The new value of TDR0O becomes valid during the next count period.

Figure 6-43. Block Diagram of Operation as Frequency Divider
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Figure 6-44. Example of Basic Timing of Operation as Frequency Divider (MD00O0 = 1)
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Figure 6-45. Example of Set Contents of Registers When Frequency Divider Is Used

(a) Timer mode register 00 (TMR0O0)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMROO | cksoo CCS00 T“é:io STS002|STS001 |STS000 | CIS001 | CIS000 MD003 | MD002 | MD0O01 | MDO0O
1/0 0 0 1 0 0 0 0 1/0 | 1/0 0 0 0 0 0 1/0
L[ L | I_‘_l
Operation mode of channel 0
000B: Interval timer
Setting of operation when counting is started
0: Neither generates INTTMOO nor inverts
timer output when counting is started.
1: Generates INTTMOO and inverts timer
output when counting is started.
L__Selection of TI0O pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited
L Start trigger selection
000B: Selects only software start.
|__Slave/master selection
0: Cleared to 0 when single-operation function is selected.
L Count clock selection
1: Selects the TI00 pin input valid edge.
|___Operation clock selection 0: Selects CK0O as operation clock of channel 0.
1: Selects CKO1 as operation clock of channel 0.
(b) Timer output register 0 (TOO0)
Bit 0
TOO TO00 0: Outputs 0 from TOO0O.
1/0 1: Outputs 1 from TOO0O.
(c) Timer output enable register 0 (TOEO)
Bit 0
TOEO | TOE00 0: Stops the TO00 output operation by counting operation.
1/0 1: Enables the TO00 output operation by counting operation.
(d) Timer output level register 0 (TOLO)
Bit 0
TOLO TOLOO 0: Cleared to 0 when TOMOO = 0 (toggle mode)
0
(e) Timer output mode register 0 (TOMO)
Bit 0
TOMO | TOMOO 0: Sets toggle mode.
0

242
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Figure 6-46. Operation Procedure When Frequency Divider Function Is Used

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUOEN bit of the PERO register to 1.——————®Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Sets the TPSO register.
Determines clock frequencies of CK00 and CKO1.

Channel | Sets the TMROO register (determines operation mode of | Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)
setting Sets interval (period) value to the TDROO register.

Clears the TOMOO bit of the TOMO register to 0 (toggle The TOO0O pin goes into Hi-Z output state.
mode).

Clears the TOLOO bit to 0.

Sets the TOO0O0 bit and determines default level of the
TOO00 output. The TOOO default setting level is output when the port mode
register is in output mode and the port register is 0.

Sets TOEQO to 1 and enables operation of TO00. —®TOO00 does not change because channel stops operating.
Clears the port register and port mode register to 0. — % The TOO0O pin outputs the TO00 set level.

Operation | Sets the TOEOQO to 1 (only when operation is resumed).

start Sets the TS00 bit to 1. TEOO = 1, and count operation starts.
The TSO00 bit automatically returns to 0 because it is a Value of TDROO is loaded to TCROO at the count clock
trigger bit. input. INTTMOO is generated and TOOQO performs toggle
operation if the MDOOO bit of the TMROO register is 1.
During Set value of the TDROO register can be changed. Counter (TCR00) counts down. When count value reaches
operation | The TCROO register can always be read. 0000H, the value of TDROO is loaded to TCRO0O0 again, and
The TSROO register is not used. the count operation is continued. By detecting TCR00 =

Set values of TOO and TOEO registers can be changed. 0000H, INTTMOO is generated and TO0O performs toggle
Set values of the TMRO0O register, TOMO00, and TOLOO operation.

Operation is resumed.

bits cannot be changed. After that, the above operation is repeated.
Operation | The TT0O bit is set to 1. » TEOO = 0, and count operation stops.
stop The TTOO bit automatically returns to 0 because it is a TCROO holds count value and stops.
trigger bit. The TOOO output is not initialized but holds current status.

TOEOQO is cleared to 0 and value is set to the TOOO bit.

P The TOOO pin outputs the TOOO set level.

TAU stop | To hold the TO0O pin output level
Clears TOOQO bit to 0 after the value to ———— 3 The TOO00 pin output level is held by port function.
be held is set to the port register.

When holding the TOO0O pin output level is not

necessary
Switches the port mode register to input mode. jThe TOO0O pin output level goes into Hi-Z output state.

The TAUOEN bit of the PERO register is cleared to 0. Power-off status

All circuits are initialized and SFR of each channel is also
initialized.

(The TOOO bit is cleared to 0 and the TOOO pin is set to
port mode).
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6.7.4 Operation as input pulse interval measurement
The count value can be captured at the TIOn valid edge and the interval of the pulse input to TIOn can be measured.
The pulse interval can be calculated by the following expression.

TIOn input pulse interval = Period of count clock x ((10000H x TSROn: OVF) + (Capture value of TDROn + 1)) |

Caution The TIOn pin input is sampled using the operating clock selected with the CKSOn bit of the
TMROnN register, so an error equal to the number of operating clocks occurs.

TCRON operates as an up counter in the capture mode.

When the channel start trigger (TSOn) is set to 1, TCROn counts up from 0000H in synchronization with the count
clock.

When the TIOn pin input valid edge is detected, the count value is transferred (captured) to TDROn and, at the
same time, the counter (TCRON) is cleared to 0000H, and the INTTMOn is output. If the counter overflows at this time,
the OVF bit of the TSRON register is set to 1. If the counter does not overflow, the OVF bit is cleared. After that, the
above operation is repeated.

As soon as the count value has been captured to the TDROn register, the OVF bit of the TSRO register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF
bit of the TSRON register is set to 1. However, the OVF bit is configured as a cumulative flag, the correct interval
value cannot be measured if an overflow occurs more than once.

Set STSOn2 to STSONO of the TMRON register to 001B to use the valid edges of TIOn as a start trigger and a
capture trigger.

When TEOn = 1, instead of the TIOn pin input, a software operation (TSOn = 1) can be used as a capture trigger.

Figure 6-47. Block Diagram of Operation as Input Pulse Interval Measurement
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Remark n=0to7
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Figure 6-48. Example of Basic Timing of Operation as Input Pulse Interval Measurement (MDONnO = 0)
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Remark n=0to7
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Figure 6-49. Example of Set Contents of Registers to Measure Input Pulse Interval

(a) Timer mode register On (TMRON)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON | ckson CCSon T“é’;in STSOn2|STSON1 [STSONO | CISON1 | CISONO MDON3 | MDONn2 | MDOn1 | MDONO

1/0 0 0 0 0 0 0 1 1/0 | 1/0 0 0 0 1 0 1/0

L1 | L1 I_|_I

Operation mode of channel n
010B: Capture mode

Setting of operation when counting is started
0: Does not generate INTTMOn when
counting is started.
1: Generates INTTMOn when counting is
started.

L__Selection of TIOn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

L__Capture trigger selection
001B: Selects the TIOn pin input valid edge.

L__Slave/master selection
0: Cleared to 0 when single-operation function is selected.

L__Count clock selection
0: Selects operation clock.

L__Operation clock selection 0: Selects CKOO as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Timer output register 0 (TO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEOQ)
Bit n
TOEO |TOEON 0: Stops TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n
TOLO | TOLON 0: Cleared to 0 when TOMOnN = 0 (toggle mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO | TOMONn 0: Sets toggle mode.
0

Remark n=0to7
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Figure 6-50. Operation Procedure When Input Pulse Interval Measurement Function Is Used

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PERO register to 1.  —————®Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines clock frequencies of CK00 and CKO1.
Channel | Sets the TMROnN register (determines operation mode of | Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)
setting
Operation | Sets TSOn bit to 1. TEONn = 1, and count operation starts.
start The TSOn bit automatically returns to 0 because it is a TCROnN is cleared to 0000H at the count clock input.
trigger bit. When the MDONO bit of the TMRON register is 1,
INTTMOn is generated.
During Set values of only the CISOn1 and CISOnO bits of the Counter (TCRn) counts up from 0000H. When the TIOn
operation | TMROn register can be changed. pin input valid edge is detected, the count value is
The TDROnN register can always be read. transferred (captured) to TDROn. At the same time,
The TCROnN register can always be read. TCROnN is cleared to 0000H, and the INTTMOn signal is
The TSRON register can always be read. generated.
Set values of TOMOn, TOLOn, TOON, and TOEON bits If an overflow occurs at this time, the OVF bit of the
cannot be changed. TSRON register is set; if an overflow does not occur, the
OVF bit is cleared.
After that, the above operation is repeated.
Operation | The TTOn bit is set to 1. TEONn = 0, and count operation stops.
stop The TTOn bit automatically returns to 0 because it is a TCRON holds count value and stops.
trigger bit. The OVF bit of the TSRON register is also held.
TAU stop | The TAUOEN bit of the PERO register is cleared to 0. —®»Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
Remark n=0to7
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6.7.5 Operation as input signal high-/low-level width measurement
By starting counting at one edge of TIOn and capturing the number of counts at another edge, the signal width
(high-level width/low-level width) of TIOn can be measured. The signal width of TIOn can be calculated by the

following expression.

| Signal width of TIOn input = Period of count clock x ((10000H x TSRn: OVF) + (Capture value of TDROn + 1)) |

Caution The TIOn pin input is sampled using the operating clock selected with the CKSOn bit of the
TMROnN register, so an error equal to the number of operating clocks occurs.

TCRON operates as an up counter in the capture & one-count mode.

When the channel start trigger (TSOn) is set to 1, TEOn is set to 1 and the TIOn pin start edge detection wait status
is set.

When the TIOn start valid edge (rising edge of TIOn when the high-level width is to be measured) is detected, the
counter counts up in synchronization with the count clock. When the valid capture edge (falling edge of TIOn when the
high-level width is to be measured) is detected later, the count value is transferred to TDROn and, at the same time,
INTTMOn is output. If the counter overflows at this time, the OVF bit of the TSROnN register is set to 1. If the counter
does not overflow, the OVF bit is cleared. TCROn stops at the value “value transferred to TDROn + 1”, and the TIOn
pin start edge detection wait status is set. After that, the above operation is repeated.

As soon as the count value has been captured to the TDROn register, the OVF bit of the TSRO register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF
bit of the TSRON register is set to 1. However, the OVF bit is configured as an integral flag, and the correct interval
value cannot be measured if an overflow occurs more than once.

Whether the high-level width or low-level width of the TIOn pin is to be measured can be selected by using the
CISOn1 and CISOnO bits of the TMRON register.

Because this function is used to measure the signal width of the TIOn pin input, TSOn cannot be set to 1 while TEOn
is 1.

CISOn1, CISOn0 of TMRON = 10B: Low-level width is measured.
CISOn1, CISOn0 of TMRON = 11B: High-level width is measured.

Figure 6-51. Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

c
, CKO1 2
Operation clock 3
CKoo E Timer counter
g - (TCRON)
&)
S \l
8 Dat ist
; Edge K3 aia register Interrupt .
TIOn pin@— ; o TDROn — Interrupt signal
detection % ( ) controller (INTTMOn)
=

Remark n=0to7
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Figure 6-52. Example of Basic Timing of Operation as Input Signal High-/Low-Level Width Measurement

TSOn

TEON

TIONn

TCRON

TDRON

INTTMON

OVF

Remark n=0to7
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Figure 6-53. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width

(a) Timer mode register On (TMROnN)

2

15 14 13 12 11 10 9 8 7 6 5 4 3
TMRON | ckson CCSOn T“é:in STSO0n2|STSON1 [STSONO | CISON1 | CISONO MDOn3 | MDOn2 | MDOn1 | MDOnO
1/0 0 0 0 0 1 0 1 1/0 0 0 1 1 0 0
Operation mode of channel n
110B: Capture & one-count
Setting of operation when counting is started
0: Does not generate INTTMOn when
counting is started.
|__Selection of TIOn pin input edge
10B: Both edges (to measure low-level width)
11B: Both edges (to measure high-level width)
L__Start trigger selection
010B: Selects the TIOn pin input valid edge.
|__Slave/master selection
0: Cleared to 0 when single-operation function is selected.
L__Count clock selection
0: Selects operation clock.
L__Operation clock selection
0: Selects CKO0O as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.
(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0
(c) Timer output enable register 0 (TOEOQ)
Bit n
TOEO |TOEON 0: Stops the TOON output operation by counting operation.
0
(d) Timer output level register 0 (TOLO)
Bit n
TOLO | TOLON 0: Cleared to 0 when TOMOnN = 0 (toggle mode).
0
(e) Timer output mode register 0 (TOMO)
Bit n
TOMO | TOMONn 0: Sets toggle mode.
0

Remark n=0to7
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CHAPTER 6 TIMER ARRAY UNIT

Figure 6-54. Operation Procedure When Input Signal High-/Low-Level Width Measurement Function Is Used

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PERO register to 1.————» Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines clock frequencies of CK00 and CKO1.
Channel | Sets the TMRON register (determines operation mode of Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)
setting Clears TOEON to 0 and stops operation of TOON.
Operation | Sets the TSOn bit to 1. » TEON = 1, and the TIOn pin start edge detection wait
start The TSO0n bit automatically returns to 0 because itis a | status is set.
trigger bit.
Detects TIOn pin input count start valid edge. —»» Clears TCRON to 0000H and starts counting up.
During Set value of the TDROnN register can be changed. When the TIOn pin start edge is detected, the counter
operation | The TCROn register can always be read. (TCRn) counts up from 0000H. If a capture edge of the
The TSRON register is not used. TIOn pin is detected, the count value is transferred to
Set values of the TMRON register, TOMOn, TOLOn, TOOn, | TDRON and INTTMOn is generated.
and TOEON bits cannot be changed. If an overflow occurs at this time, the OVF bit of the
TSRON register is set; if an overflow does not occur, the
OVF bit is cleared. TCROnN stops the count operation until
the next TIOn pin start edge is detected.
Operation | The TTOn bit is set to 1. TEOn = 0, and count operation stops.
stop TTOn bit automatically returns to O because it is a TCRON holds count value and stops.
trigger bit. The OVF bit of the TSROnN register is also held.
TAU stop | The TAUOEN bit of PERO register is cleared to 0.———» Power-off status

All circuits are initialized and SFR of each channel is

also initialized.

Remark n=0to7
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6.8 Operation of Plural Channels of Timer Array Unit

6.8.1 Operation as PWM function
Two channels can be used as a set to generate a pulse of any period and duty factor.
The period and duty factor of the output pulse can be calculated by the following expressions.

Pulse period = {Set value of TDRONn (master) + 1} x Count clock period

Duty factor [%] = {Set value of TDROm (slave)}/{Set value of TDROn (master) + 1} x 100
0% output:  Set value of TDROm (slave) = 0000H

100% output: Set value of TDROm (slave) > {Set value of TDROn (master) + 1}

Remark The duty factor exceeds 100% if the set value of TDROm (slave) > (set value of TDROn (master) + 1),
it summarizes to 100% output.

The master channel operates in the interval timer mode and counts the periods. When the channel start trigger
(TSOn) is set to 1, INTTMOn is output. TCROn counts down starting from the loaded value of TDROn, in
synchronization with the count clock. When TCROn = 0000H, INTTMOn is output. TCROn loads the value of TDROn
again. After that, it continues the similar operation.

TCROm of a slave channel operates in one-count mode, counts the duty factor, and outputs a PWM waveform from
the TOOm pin. TCROm of the slave channel loads the value of TDROm, using INTTMOn of the master channel as a
start trigger, and stops counting until the next start trigger (INTTMOn of the master channel) is input.

The output level of TOOm becomes active one count clock after generation of INTTMOn from the master channel,
and inactive when TCROm = 0000H.

Caution To rewrite both TDROn of the master channel and TDROm of the slave channel, a write access is
necessary two times. The timing at which the values of TDROn and TDROm are loaded to TCROn
and TRCOm is upon occurrence of INTTMOn of the master channel. Thus, when rewriting is
performed split before and after occurrence of INTTMOn of the master channel, the TOOm pin
cannot output the expected waveform. To rewrite both TDROn of the master and TDROm of the
slave, therefore, be sure to rewrite both the registers immediately after INTTMOn is generated
from the master channel.

Remark n=0,2,4,6
m=n+1
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Figure 6-55. Block Diagram of Operation as PWM Function

Master channel
(interval timer mode)

c
S

. CKO1 3

Operation clock E Timer counter
O
ks
S
50 § Data register Interrupt Interrupt signal
n = TDRON
g ( ) controller (INTTMOn)
£
Slave channel
(one-count mode)

S

. CKO1 3

Operation clock § Timer counter Output @TOO .
CKO00 3 — (TCROm) controller mpin

O
S
3 .
E Data register Interrupt Interrupt signal
=2 TDROm
g ( ) controller (INTTMOm)
=

Remark n=0,2,4,6
m=n+1
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Figure 6-56. Example of Basic Timing of Operation as PWM Function

TSOn

TEON

FFFFH

Master
channel TCRON 0000H \ \\

TDRON a X b

TOON

INTTMON ] I I

TSOm _ﬂ/
)

TEOmM \
FFFFH [
TCROm
Slave 0000H \ N
channel ) } )

TDROm c X d

TOOm .

INTTMOm -l -l
aid T art | bl
c ¢ d|

Remark n=0,2,4,6
m=n+1
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Figure 6-57. Example of Set Contents of Registers When PWM Function (Master Channel) Is Used

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON | ckson ccson | MAS | sTeon2|sTsont | sTsono| cisont | cisono MDOn3 | MDOn2 | MDOn1 | MDONO

TERON
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

I I L[ |

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
1: Generates INTTMOn when counting is
started.

| Selection of TIOn pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
000B: Selects only software start.

L__Slave/master selection
1: Master channel

L Count clock selection
0: Selects operation clock.

L__Operation clock selection
0: Selects CKOO as operation clock of channel n.
1: Selects CK0O1 as operation clock of channel n.

(b) Timer output register 0 (TOO0)
Bit n

TOO TOON 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEQ)
Bit n
TOEO | TOEON 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n
TOLO | TOLON 0: Cleared to 0 when TOMON = 0 (toggle mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n
TOMO |TOMon 0: Sets toggle mode.
0

Remark n=0,2,4,6
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Figure 6-58. Example of Set Contents of Registers When PWM Function (Slave Channel) Is Used

(a) Timer mode register Om (TMROm)

15 14 13 12 11 10 9 8 7 6 5

3 2 1 0

TMROmM | cksom CCSOm T“E"QOSm STSOM2|STSOM1|STSOMO| CISOm1|CISOMO

1/0 0 0 0 0 1 0 0 0 0 0

MDOm3 | MDOm2 | MDOm1 [ MDOmO
1 0 0 1

L I L]

L__Start trigger selection

|__Slave/master selection
0: Slave channel

L__Count clock selection
0: Selects operation clock.

L__Operation clock selection

0: Selects CKOO as operation clock of channel m.

1: Selects CK01 as operation clock of channel m.
* Make the same setting as master channel.

(b) Timer output register 0 (TO0)

Bit m
TOO TOOm 0: Outputs 0 from TOOm.
1/0 1: Outputs 1 from TOOm.

(c) Timer output enable register 0 (TOEQ)

Bit m
TOEO |TOEOM 0: Stops the TOOmM output operation by counting operation.
1/0 1: Enables the TOOm output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bit m
TOLO |TOLOM 0: Positive logic output (active-high)
1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)
Bit m

TOMO |Tomom 1: Sets the combination-operation mode.
1

Remark n=0,2,4,6
m=n+1
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Operation mode of channel m
100B: One-count mode

Start trigger during operation

1: Trigger input is valid.

L__Selection of TIOm pin input edge
00B: Sets 00B because these are not used.

100B: Selects INTTMOn of master channel.
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Figure 6-59. Operation Procedure When PWM Function Is Used (1/2)

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PERO register to 1.———® Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines clock frequencies of CK00 and CKO1.
Channel | Sets the TMROn and TMROm registers of two channels Channel stops operating.
default to be used (determines operation mode of channels). (Clock is supplied and some power is consumed.)
setting An interval (period) value is set to the TDROnN register of
the master channel, and a duty factor is set to the
TDROm register of the slave channel.
Sets slave channel. The TOOm pin goes into Hi-Z output state.
The TOMOm bit of the TOMO register is set to 1
(combination-operation mode).
Sets the TOLOmbit.
Sets the TOOm bit and determines default level of the
TOOm output. » The TOOm default setting level is output when the port
mode register is in output mode and the port register is 0.
Sets TOEOm to 1 and enables operation of TOOm. —® TOOm does not change because channel stops operating.
Clears the port register and port mode register to 0.—”’ The TOOm pin outputs the TOOm set level.
Remark n=0,2,4,6
m=n+1
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Figure 6-59. Operation Procedure Whe

n PWM Function Is Used (2/2)

Software Operation

Hardware Status

Operation | Sets TOEOm (slave) to 1 (only when operation is
start resumed).
The TSOn (master) and TSOm (slave) bits of the TS0
register are set to 1 at the same time. TEOn =1, TEOm =1
The TSOn and TSOm bits automatically return to 0 When the master channel starts counting, INTTMOn is
because they are trigger bits. generated. Triggered by this interrupt, the slave
channel also starts counting.
During Set values of the TMROn and TMROm registers, TOMOn, | The counter of the master channel loads the TDROn value
operation | TOMOm, TOLOn, and TOLOm bits cannot be changed. to TCRON, and counts down. When the count value
Set values of the TDROn and TDROm registers can be reaches TCROn = 0000H, INTTMOn output is generated.
changed after INTTMOnN of the master channel is At the same time, the value of the TDROn register is
generated. loaded to TCRON, and the counter starts counting down
The TCROn and TCROm registers can always be read. again.
The TSROn and TSROm registers are not used. At the slave channel, the value of TDROm is loaded to
Set values of the TO0 and TOEQO registers can be TCROm, triggered by INTTMOnN of the master channel, and
changed. the counter starts counting down. The output level of
TOOm becomes active one count clock after generation of
the INTTMOn output from the master channel. It becomes
inactive when TCROm = 0000H, and the counting
operation is stopped.
After that, the above operation is repeated.
Operation | The TTOn (master) and TTOm (slave) bits are set to 1 at
stop the same time. TEOn, TEOm = 0, and count operation stops.
The TTOn and TTOm bits automatically return to 0 TCROn and TCROm hold count value and stops.
because they are trigger bits. The TOOm output is not initialized but holds current
status
TOEOm of slave channel is cleared to 0 and value is set
to the TOOm bit. P The TOOm pin outputs the TOOm set level.
TAU stop | To hold the TOOm pin output levels

Clears TOOm bit to O after the valueto ——h
be held is set to the port register.
When holding the TOOm pin output levels is not

necessary

>The TOOm pin output levels is held by port function.

Switches the port mode register to input mode,j The TOOm pin output levels go are into Hi-Z output state.

The TAUOEN bit of the PERO register is cleared to 0.

Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOOm bit is cleared to 0 and the TOOm pin is set

to port mode.)

Remark n=0,2,4,6
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6.8.2 Operation as one-shot pulse output function

By using two channels as a set, a one-shot pulse having any delay pulse width can be generated from the signal
input to the TIOn pin.

The delay time and pulse width can be calculated by the following expressions.

Delay time = {Set value of TDRONn (master) + 2} x Count clock period
Pulse width = {Set value of TDROm (slave)} x Count clock period

The Master channel operates in the one-count mode and counts the delays. TCROn of the master channel starts
operating upon start trigger detection and TCROn loads the value of TDROn. TCROn counts down from the value of
TDROnN it has loaded, in synchronization with the count clock. When TCROn = 0000H, it outputs INTTMOn and stops
counting until the next start trigger is detected.

The slave channel operates in the one-count mode and counts the pulse width. TCROm of the slave channel starts
operation using INTTMOn of the master channel as a start trigger, and loads the TDROm value. TCROm counts down
from the value of TDROm it has loaded, in synchronization with the count value. When TCROm = 0000H, it outputs
INTTMOm and stops counting until the next start trigger (INTTMOn of the master channel) is detected. The output
level of TOOmM becomes active one count clock after generation of INTTMOn from the master channel, and inactive
when TCROm = 0000H.

Instead of using the TIOn pin input, a one-shot pulse can also be output using the software operation (TSOn = 1) as
a start trigger.

Caution The timing of loading of TDROn of the master channel is different from that of TDROm of the slave
channel. If TDROn and TDROm are rewritten during operation, therefore, an illegal waveform is
output. Rewrite the TDROn after INTTMOn is generated and the TDROm after INTTMOm is
generated.

Remark n=0,2,4,6
m=n+1
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Figure 6-60. Block Diagram of Operation as One-Shot Pulse Output Function

Master channel
(one-count mode)

c
S
CKO1 3
Operation clock & Timer counter
O
8
5
TSOn § Data register Interrupt Interrupt signal
in® Edge 5 (TDRON) controller INTTMoOn
Tion pin detection § ( )
Slave channel
(one-count mode)
S
° ook CKO1 3
peration cloc & Timer counter Out
put ;
CK00 E — (TCROmM) controller © T00m pin
O
8
8 Dat ist
> ata register |nterrupt .
N — Interrupt signal
= TDROm
5 ( ) controller (INTTMOm)
=

Remark n=0,2,4,6
m=n+1
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Figure 6-61. Example of Basic Timing of Operation as One-Shot Pulse Output Function

Tson ||

TEOn |
TIOn
Master P
FFFFH
channel
TCRON
0000H ) }
TDRON a
TOON
INTTMON | ] I
Tsom ]|
TEOm _| \
FFFFH [
TCROm ‘\
Slave 0000H
channel } } }
TDROmM b
TOOm
INTTMOm |
a+2 " b T a+2 b

Remark n=0,2,4,6
m=n+1

User's Manual U17893EJ8VOUD 261



CHAPTER 6 TIMER ARRAY UNIT

Figure 6-62. Example of Set Contents of Registers
When One-Shot Pulse Output Function Is Used (Master Channel)

(a) Timer mode register On (TMROnN)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON | ckson CCSon T"é:iﬂ STSO0n2|STSON1|STSONO| CISON1 | CISONO MDON3 | MDONn2 | MDOn1 | MDONO

1/0 0 0 0 1 0 0 1 1/0 | 1/0 0 0 1 0 0 0

L1 L1 I_|_I

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

L__Selection of TIOn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

L__Start trigger selection
001B: Selects the TIOn pin input valid edge.

| Slave/master selection
1: Master channel

L__Count clock selection
0: Selects operation clock.

L__Operation clock selection
0: Selects CKOO as operation clock of channels n.
1: Selects CKO1 as operation clock of channels n.

(b) Timer output register 0 (TO0)
Bit n
TOO TOOn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n
TOEO |TOEON 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO | TOLON 0: Cleared to 0 when TOMOnN = 0 (toggle mode).

(e) Timer output mode register 0 (TOMO)
Bit n
TOMO | TOMON 0: Sets toggle mode.
0

Remark n=0,2,4,6
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Figure 6-63. Example of Set Contents of Registers
When One-Shot Pulse Output Function Is Used (Slave Channel)

(a) Timer mode register Om (TMROm)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMROm  |cksom CCSom T!F’?Osm STSOm2|STS0m1|STS0mO| CISom1 | CIsomo MDOm3 | MDOm2 | MDOm1 | MDOmo

1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0

I I L1 1

Operation mode of channel m
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

|__Selection of TIOm pin input edge
00B: Sets 00B because these are not used.

L Start trigger selection
100B: Selects INTTMOn of master channel.

L__Slave/master selection
0: Slave channel

L__Count clock selection
0: Selects operation clock.

L__Operation clock selection
0: Selects CKO0O as operation clock of channel m.
1: Selects CK01 as operation clock of channel m.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bit m
TOO TOOm 0: Outputs 0 from TOOm.
1/0 1: Outputs 1 from TOOm.

(c) Timer output enable register 0 (TOEO)

Bit m
TOEO |TOEOM 0: Stops the TOOm output operation by counting operation.
1/0 1: Enables the TOOm output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bit m
TOLO |TOLOM 0: Positive logic output (active-high)
1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)
Bit m
TOMO  |Tomom 1: Sets the combination-operation mode.
1

Remark n=0,2,4,6
m=n+1
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Figure 6-64. Operation Procedure of One-

Shot Pulse Output Function (1/2)

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PERO register to 1.———® Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines clock frequencies of CK00 and CKO1.
Channel | Sets the TMROn and TMROm registers of two channels Channel stops operating.
default to be used (determines operation mode of channels). (Clock is supplied and some power is consumed.)
setting An output delay is set to the TDROn register of the
master channel, and a pulse width is set to the TDROm
register of the slave channel.
Sets slave channel. The TOOm pin goes into Hi-Z output state.
The TOMOm bit of the TOMO register is set to 1
(combination-operation mode).
Sets the TOLOm bit.
Sets the TOOm bit and determines default level of the
TOOm output. p The TOOm default setting level is output when the port
mode register is in output mode and the port register is 0.
Sets TOEOm to 1 and enables operation of TOOm. TOOm does not change because channel stops operating.
Clears the port register and port mode register to 0. The TOOm pin outputs the TOOm set level.
Remark n=0,2,4,6
m=n+1
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Operation is resumed.
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Figure 6-64. Operation Procedure of One-Shot Pulse Output Function (2/2)

Software Operation

Hardware Status

Operation | Sets TOEOm (slave) to 1 (only when operation is
start resumed).
The TSOn (master) and TSOm (slave) bits of the TSO
register are set to 1 at the same time. TEOn and TEOm are set to 1 and the master channel
The TSOn and TSOm bits automatically return to 0 enters the TIOn input edge detection wait status.
because they are trigger bits. Counter stops operating.
Detects the TIOn pin input valid edge of master channel. - Master channel starts counting.
During Set values of only the CISn1 and CISnO0 bits of the Master channel loads the value of TDROn to TCROn when
operation | TMROn register can be changed. the TI0On pin valid input edge is detected, and the counter
Set values of the TMROm, TDROn, TDROm registers, starts counting down. When the count value reaches
TOMON, TOMOm, TOLONn, and TOLOm bits cannot be TCRON = 0000H, the INTTMOn output is generated, and
changed. the counter stops until the next valid edge is input to the
The TCROn and TCROm registers can always be read. TIOn pin.
The TSROn and TSROm registers are not used. The slave channel, triggered by INTTMOn of the master
Set values of the TOO0 and TOEQO registers can be channel, loads the value of TDROm to TCROm, and the
changed. counter starts counting down. The output level of TOOm
becomes active one count clock after generation of
INTTMON from the master channel. It becomes inactive
when TCROm = 0000H, and the counting operation is
stopped.
After that, the above operation is repeated.
Operation | The TTOn (master) and TTOm (slave) bits are set to 1 at
stop the same time. TEOn, TEOm = 0, and count operation stops.
The TTOn and TTOm bits automatically return to 0 TCRONn and TCROm hold count value and stops.
because they are trigger bits. The TOOm output is not initialized but holds current
status.
TOEOm of slave channel is cleared to 0 and value is set
to the TOOm bit. » The TOOm pin outputs the TOOm set level.
TAU stop | To hold the TOOm pin output levels

Clears TOOm bit to O after the valueto ————
be held is set to the port register.

When holding the TOOm pin output levels is not

necessary

Switches the port mode register to input mode.——¥

The TAUOEN bit of the PERO register is cleared to 0.—H

PThe TOOm pin output levels is held by port function.

b The TOOm pin output levels go are into Hi-Z output state.

P Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOOm bit is cleared to 0 and the TOOm pin is set to

port mode.)

Remark n=0,2,4,6

m=n+1

User's Manual U17893EJ8VOUD

265



CHAPTER 6 TIMER ARRAY UNIT

6.8.3 Operation as multiple PWM output function
By extending the PWM function and using two or more slave channels, many PWM output signals can be produced.
For example, when using two slave channels, the period and duty factor of an output pulse can be calculated by
the following expressions.

Pulse period = {Set value of TDRONn (master) + 1} x Count clock period
Duty factor 1 [%] = {Set value of TDROm (slave 1)}/{Set value of TDROn (master) + 1} x 100
Duty factor 2 [%] = {Set value of TDROm (slave 2)}/{Set value of TDROn (master) + 1} x 100

Remark Although the duty factor exceeds 100% if the set value of TDROp (slave 1) > {set value of TDROn
(master) + 1} or if the {set value of TDROq (slave 2)} > {set value of TDROn (master) + 1}, it is
summarized into 100% output.

TCRON of the master channel operates in the interval timer mode and counts the periods.

TCROp of the slave channel 1 operates in one-count mode, counts the duty factor, and outputs a PWM waveform
from the TOOp pin. TCROp loads the value of TDROp to TCROp, using INTTMOn of the master channel as a start
trigger, and start counting down. When TCROp = 0000H, TCROp outputs INTTMOp and stops counting until the next
start trigger (INTTMOn of the master channel) has been input. The output level of TOOp becomes active one count
clock after generation of INTTMON from the master channel, and inactive when TCROp = 0000H.

In the same way as TCROp of the slave channel 1, TCROq of the slave channel 2 operates in one-count mode,
counts the duty factor, and outputs a PWM waveform from the TOOq pin. TCROq loads the value of TDR0Oq to TCROq,
using INTTMOn of the master channel as a start trigger, and starts counting down. When TCR0q = 0000H, TCROq
outputs INTTMOq and stops counting until the next start trigger (INTTMOn of the master channel) has been input. The
output level of TOOgq becomes active one count clock after generation of INTTMOn from the master channel, and
inactive when TCROg = 0000H.

When channel 0 is used as the master channel as above, up to seven types of PWM signals can be output at the
same time.

Caution To rewrite both TDROn of the master channel and TDROp of the slave channel 1, write access is
necessary at least twice. Since the values of TDROn and TDROp are loaded to TCROn and TCROp
after INTTMOnN is generated from the master channel, if rewriting is performed separately before
and after generation of INTTMOn from the master channel, the TOOp pin cannot output the
expected waveform. To rewrite both TDROn of the master and TDROp of the slave, be sure to
rewrite both the registers immediately after INTTMOn is generated from the master channel (This
applies also to TDROq of the slave channel 2) .

Remarks 1. n=0,2,4

n<p<qs<7
Where p and q are consecutive integers followingn (p=n+1,g=n+2)
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Figure 6-65. Block Diagram of Operation as Multiple PWM Output Function (output two types of PWMs)

Master channel
(interval timer mode)

CKo1
Operation clock
CKO00
TSOn
Slave channel 1
(one-count mode)
i CKO1
Operation clock
CKO00
Slave channel 2
(one-count mode)
CKO1
Operation clock
CKO00

Remarks 1. n=0, 2,4
2. p=n+1
gq=n+2
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Figure 6-66. Example of Basic Timing of Operation as Multiple PWM Output Function (output two types of PWMs)

TSOn |

TEONn

FFFFH

Master
channel TCRON 0000H \ \\

TDRON a X b

TOON

INTTMON |l

TSO0p

TEOp

FFFFH

TCROp \
Slave 0000H

channel 1 } } )
TDROp C X d

TOOp L

N_—1—7

INTTMOp ]

a+1 a+1 b+1

TS0q

TEOq

FFFFH

TCRO
Slave 9 sooon X N

channel 2

|
N 7

TDROq e X f

TOOq

INTTMOq

a+1 a+1 b+1
I

Remarks 1. n=0,2, 4
2. p=n+1
g=n+2
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Figure 6-67. Example of Set Contents of Registers
When Multiple PWM Output Function (Master Channel) Is Used

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MA:
TMROn | ckson CCSon S |5TS0n2|STS0N1 | STSO0N0 | CISON1 | CISono MDOn3 | MDOn2 | MDOn1 | MDONO

TERON
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

I I L[ |

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
1: Generates INTTMOn when counting is
started.

|__Selection of TIOn pin input edge
00B: Sets 00B because these are not used.

L Start trigger selection
000B: Selects only software start.

L__Slave/master selection
1: Master channel

L Count clock selection
0: Selects operation clock.

L__Operation clock selection
0: Selects CKO0O as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Timer output register 0 (TOO0)
Bit n
TOO TOON 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n
TOEO |TOEON 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n
TOLO TOLOn 0: Cleared to 0 when TOMOn = 0 (toggle mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO |TOMoOn 0: Sets toggle mode.

Remark n=0,2,4
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Figure 6-68. Example of Set Contents of Registers
When Multiple PWM Output Function (Slave Channel) Is Used (output two types of PWMs)

(a) Timer mode register Op, 0q (TMROp, TMROq)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMROp | cksop CCS0p T“é:ip STS0p2 | STSOp1 | STS0PO | CISOp1 | CISOPO MDOp3 | MDOp2 | MDOp1 | MDOpO

1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMROqg | cksoq CCS0q T“é’;gq STS0g2|STS0q1 |STS0qO | CIS0q1 | CIS0q0 MDO0g3 | MDOg2 | MDOg1 | MDOgO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

I I e B L[

Operation mode of channel p, q
100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

L__Selection of TIOp and TI0q pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
100B: Selects INTTMOn of master channel.

| Slave/master selection
0: Slave channel

L__Count clock selection
0: Selects operation clock.

L__Operation clock selection
0: Selects CKOO as operation clock of channel p, g.
1: Selects CKO1 as operation clock of channel p, g.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bitq Bitp
TOO TOOq | TOOp 0: Outputs 0 from TOOp or TOOg.
1/0 1/0 1: Outputs 1 from TOOp or TOOq.

(c) Timer output enable register 0 (TOEOQ)

Bitq Bitp
TOEO TOEOq | TOEOp 0: Stops the TOOp or TOOq output operation by counting operation.
1/0 | 1/0 1: Enables the TOOp or TOOq output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bitq Bitp
TOLO | ToLoq | TOLOp 0: Positive logic output (active-high)
1/0 | 1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)
Bitq Bitp
TOMO | ToMoq | TOMop 1: Sets the combination-operation mode.
1 1

Remark n=0,2,4; p=n+1; g=n+2
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Figure 6-69. Operation Procedure When Multip

le PWM Output Function Is Used (1/2)

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PERO register to 1.——®| Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines clock frequencies of CK0O and CKO1.
Channel | Sets the TMRONn, TMROp, and TMROq registers of each | Channel stops operating.
default channel to be used (determines operation mode of (Clock is supplied and some power is consumed.)
setting channels).
An interval (period) value is set to the TDROnN register of
the master channel, and a duty factor is set to the
TDROp and TDROq registers of the slave channel.
Sets slave channel. The TOOp and TOOq pins go into Hi-Z output state.
The TOMOp and TOMOq bits of the TOMO register is
set to 1 (combination-operation mode).
Clears the TOLOp and TOLOq bits to 0.
Sets the TOOp and TOOq bits and determines default
level of the TOOp and TOOq outputs. —® The TOO0p and TOOq default setting levels are output when
the port mode register is in output mode and the port
register is 0.
Sets TOEOp or TOEOQq to 1 and enables operation of
TOOp or TOOg. TOOp or TOOq does not change because channel stops
operating.
Clears the port register and port mode register to 0. —®The TOOp and TOOq pins output the TOOp and TOOq set
levels.
Remarks 1. n=0,2,4

2. p=n+1,q=n+2

User's Manual U17893EJ8VOUD

271




Operation is resumed.

CHAPTER 6 TIMER ARRAY UNIT

Figure 6-69. Operation Procedure When Multiple PWM Output Function Is Used (2/2)

Software Operation Hardware Status
Operation | Sets TOEOp and TOEOq (slave) to 1 (only when
start operation is resumed).
The TSOn bit (master), and TSOp and TS0q (slave) bits of
the TSO register are set to 1 at the same time. ——®»TEOn =1, TEOp, TEOq = 1
The TSOn, TSOp, and TS0q bits automatically return to When the master channel starts counting, INTTMOn is
0 because they are trigger bits. generated. Triggered by this interrupt, the slave
channel also starts counting.
During Set values of the TMROn, TMROp, TMROq registers, The counter of the master channel loads the TDROn value
operation | TOMOn, TOMOp, TOMOqg, TOLOn, TOLOp, and TOLOq to TCRON and counts down. When the count value
bits cannot be changed. reaches TCRn = 0000H, INTTMOn output is generated. At
Set values of the TDROn, TDROp, and TDROq registers the same time, the value of the TDROn register is loaded to
can be changed after INTTMOn of the master channel is TCRON, and the counter starts counting down again.
generated. At the slave channel 1, the values of TDROp are transferred
The TCROn, TCROp, and TCROq registers can always be | to TCROp, triggered by INTTMOn of the master channel,
read. and the counter starts counting down. The output levels of
The TSROn, TSROp, and TSROq registers are not used. TOOp become active one count clock after generation of
Set values of the TOO0 and TOEQO registers can be the INTTMOn output from the master channel. It becomes
changed. inactive when TCROp = 0000H, and the counting operation
is stopped.
At the slave channel 2, the values of TDROq are transferred
to TDROgq, triggered by INTTMOnN of the master channel,
and the counter starts counting down. The output levels of
TOO0qg become active one count clock after generation of
the INTTMOn output from the master channel. It becomes
inactive when TCROqg = 0000H, and the counting operation
is stopped.
After that, the above operation is repeated.
Operation | The TTOn bit (master), TTOp, and TTOq (slave) bits are
stop set to 1 at the same time. TEONn, TEOp, TEOq = 0, and count operation stops.
The TTOn, TTOp, and TTOq bits automatically return to TCRONn, TCROp, and TCROq hold count value and stops.
0 because they are trigger bits. The TOOp and TOOq output is not initialized but holds
current status.
TOEOp or TOEQq of slave channel is cleared to 0
and value is set to the TOOp and TOOq bits. —®» The TOOp and TOOq pins output the TOOp and TOOq set
levels.
TAU stop | To hold the TOOp and TOOq pin output levels
Clears TOOp and TOOq bits to 0 after
the value to be held is set to the port register. ————— The TOOp and TOOq pin output levels are held by port
When holding the TOOp and TOOq pin output levels is not | function.
necessary
Switches the port mode register to input mode. ——® The TOOp and TOOq pin output levels go into Hi-Z output
state
The TAUOEN bit of the PERO register is cleared to 0. —® Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOOp and TOOq bits are cleared to 0 and the
TOOp and TOOq pins are set to port mode.)
Remarks 1. n=0,2,4
2. p=n+1,q=n+2
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CHAPTER 7 REAL-TIME COUNTER

7.1 Functions of Real-Time Counter

The real-time counter has the following features.

¢ Having counters of year, month, week, day, hour, minute, and second, and can count up to 99 years.

Constant-period interrupt function (period: 1 month to 0.5 seconds)

Alarm interrupt function (alarm: week, hour, minute)

Interval interrupt function

Pin output function of 1 Hz
Pin output function of 512 Hz or 16.384 kHz or 32.768 kHz

7.2 Configuration of Real-Time Counter

The real-time counter includes the following hardware.

Table 7-1. Configuration of Real-Time Counter

ltem

Configuration

Control registers

Peripheral enable register 0 (PERO)
Real-time counter control register 0 (RTCCO)
Real-time counter control register 1 (RTCCH1)
Real-time counter control register 2 (RTCC2)
Sub-count register (RSUBC)

Second count register (SEC)

Minute count register (MIN)

Hour count register (HOUR)

Day count register (DAY)

Week count register (WEEK)

Month count register (MONTH)

Year count register (YEAR)

Watch error correction register (SUBCUD)
Alarm minute register (ALARMWM)

Alarm hour register (ALARMWH)

Alarm week register (ALARMWW)

Port mode registers 1 and 3 (PM1, PM3)
Port registers 1 and 3 (P1, P3)
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Figure 7-1. Block Diagram of Real-Time Counter

Real-time counter control register 1 Real-time counter control register 0

CT2 ‘ CT1 ‘ CTo |

| WALE ‘ WALIE | WAFG | RIFG RWST‘ RWAIT| | RTCE ‘RCLOE1 RCLOEO| AMPM
fsus —i )
: ——{ )—onmciHz
Alarm week Alarm hour [ |Alarm minute INTP3/P30
register register register
(ALARMWW) (ALARMWH)| [(ALARMWM)
(7-bit) (6-bit) (7-bit)
I INTRTC
CTOto CT2
RIFG
s
o
Qo
[
»
AMPM
RWST RWAIT | 45
1 month 1 day 1 hour 1 minute| seconds Count clock
Year count Month count| Week count Day count Hour count Minute count] Second Sub-count |= 32.768 kHz
register register register register register register rgglijsr::er register
(YEAR) [+ (MONTH) (WEEK) [.1f (DAY) [.1[| (HOUR) L. Lf (MIN) (SEC) [~—{ wait control [«+— (RSUBC) L. fse
(8-bit) (5-bit) (3-bit) (6-bit) (6-bit) (7-bit) (7-bit) (16-bit)
Count enable/
disable circuit | | Watch error
correction
register
(SUBCUD)
Buffer Buffer Buffer Buffer Buffer Buffer Buffer RTCE (8-bit)
S Internal bus S
@ Real-time counter control register 2
| RINTE ‘RCLOE2‘RCKDIV’ ICT2 ICTH ICTO
fsus —{  12-bit counter RINTE
‘ ‘ ,g INTRTCI
Q<
A
RCKDIV
RCLOE2
L © RTCDIV/RTCCL/P15
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CHAPTER 7 REAL-TIME COUNTER

7.3 Registers Controlling Real-Time Counter

The real-time counter is controlled by the following 18 registers.

Peripheral enable register 0 (PERO)
Real-time counter control register 0 (RTCCO)
Real-time counter control register 1 (RTCCH1)
Real-time counter control register 2 (RTCC2)
Sub-count register (RSUBC)

Second count register (SEC)

Minute count register (MIN)

Hour count register (HOUR)

Day count register (DAY)

Week count register (WEEK)

Month count register (MONTH)

Year count register (YEAR)

Watch error correction register (SUBCUD)
Alarm minute register (ALARMWM)

Alarm hour register (ALARMWH)

Alarm week register (ALARMWW)

Port mode registers 1 and 3 (PM1, PM3)
Port registers 1 and 3 (P1, P3)
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CHAPTER 7 REAL-TIME COUNTER

(1) Peripheral enable register 0 (PERO)
PERQO is used to enable or disable use of each peripheral hardware macro. Clock supply to a hardware macro
that is not used is stopped in order to reduce the power consumption and noise.
When the real-time counter is used, be sure to set bit 7 (RTCEN) of this register to 1.
PERO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-2. Format of Peripheral Enable Register 0 (PERO0)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> 1 <0>
PERO RTCEN DACEN ADCEN IICOEN SAU1EN SAUOEN 0 TAUOEN
RTCEN Control of real-time counter (RTC) input clock supply™™*
0 Stops supply of input clock.

e SFR used by the real-time counter (RTC) cannot be written.
e The real-time counter (RTC) is in the reset status.

1 Supplies input clock.
e SFR used by the real-time counter (RTC) can be read/written.

Note RTCEN is used to supply or stop the clock used when accessing the real-time counter (RTC)
register from the CPU. RTCEN cannot control supply of the operating clock (fsus) to RTC.

Cautions 1. When using the real-time counter, first set RTCEN to 1, while oscillation of the
subsystem clock (fsus) is stable. If RTCEN = 0, writing to a control register of the
real-time counter is ignored, and, even if the register is read, only the default
value is read.

2. Be sure to clear bit 1 of the PERO register to 0.

(2) Real-time counter control register 0 (RTCCO)
The RTCCO register is an 8-bit register that is used to start or stop the real-time counter operation, control the
RTCCL and RTC1HZ pins, and set a 12- or 24-hour system and the constant-period interrupt function.
RTCCO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.
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Figure 7-3. Format of Real-Time Counter Control Register 0 (RTCCO0)

Address: FFFODH  After reset: 00H R/W

Symbol <7> 6 <5> <4> 3 2 1 0
RTCCO RTCE 0 RCLOEH1 RCLOEO AMPM CT2 CT1 CTO
RTCE Real-time counter operation control
0 Stops counter operation.
1 Starts counter operation.
RCLOEH1 RTC1HZ pin output control
0 Disables output of RTC1HZ pin (1 Hz).
1 Enables output of RTC1HZ pin (1 Hz).
RCLOEQO™" RTCCL pin output control
0 Disables output of RTCCL pin (32.768 kHz).
1 Enables output of RTCCL pin (32.768 kHz).
AMPM Selection of 12-/24-hour system
0 12-hour system (a.m. and p.m. are displayed.)
1 24-hour system

Rewrite the AMPM value after setting RWAIT (bit 0 of RTCC1) to 1. If the AMPM value is changed, the values of
the hour count register (HOUR) change according to the specified time system.
Table 7-2 shows the displayed time digits.

CT2 CT1 CTO0 Constant-period interrupt (INTRTC) selection
0 0 0 Does not use constant-period interrupt function.
0 0 1 Once per 0.5 s (synchronized with second count up)
0 1 0 Once per 1 s (same time as second count up)
0 1 1 Once per 1 m (second 00 of every minute)
1 0 0 Once per 1 hour (minute 00 and second 00 of every hour)
1 0 1 Once per 1 day (hour 00, minute 00, and second 00 of every day)
1 1 X Once per 1 month (Day 1, hour 00 a.m., minute 00, and second 00 of

every month)

When changing the values of CT2 to CTO while the counter operates (RTCE = 1), rewrite the values of CT2 to CTO
after disabling interrupt servicing INTRTC by using the interrupt mask flag register. Furthermore, after rewriting the
values of CT2 to CTO, enable interrupt servicing after clearing the RIFG and RTCIF flags.

Note RCLOEO and RCLOE2 must not be enabled at the same time.

Caution If RCLOEO and RCLOE1 are changed when RTCE = 1, glitches may occur in the 32.768 kHz
and 1 Hz output signals.

Remark x:don’tcare
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(3) Real-time counter control register 1 (RTCC1)
The RTCCH1 register is an 8-bit register that is used to control the alarm interrupt function and the wait time of
the counter.
RTCC1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-4. Format of Real-Time Counter Control Register 1 (RTCC1) (1/2)

Address: FFFOQEH  After reset: 00H R/W

Symbol <7> <6> 5 <4> <3> 2 <1> <0>
RTCC1 WALE WALIE 0 WAFG RIFG 0 RWST RWAIT
WALE Alarm operation control
0 Match operation is invalid.
1 Match operation is valid.

When setting a value to the WALE bit while the counter operates (RTCE = 1) and WALIE = 1, rewrite the WALE bit
after disabling interrupt servicing INTRTC by using the interrupt mask flag register. Furthermore, clear the WAFG
and RTCIF flags after rewriting the WALE bit. When setting each alarm register (WALIE flag of RTCC1, the
ALARMWAM register, the ALARMWH register, and the ALARMWW register), set match operation to be invalid (“0”)
for the WALE bit.

WALIE Control of alarm interrupt (INTRTC) function operation
0 Does not generate interrupt on matching of alarm.
1 Generates interrupt on matching of alarm.
WAFG Alarm detection status flag
0 Alarm mismatch
1 Detection of matching of alarm

This is a status flag that indicates detection of matching with the alarm. It is valid only when WALE = 1 and is set to
“1” one clock (32.768 kHz) after matching of the alarm is detected. This flag is cleared when “0” is written to it.
Writing “1” to it is invalid.
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Figure 7-4. Format of Real-Time Counter Control Register 1 (RTCC1) (2/2)

RIFG Constant-period interrupt status flag
0 Constant-period interrupt is not generated.
1 Constant-period interrupt is generated.

This flag indicates the status of generation of the constant-period interrupt. When the constant-period interrupt is
generated, it is set to “1”.
This flag is cleared when “0” is written to it. Writing “1” to it is invalid.

RWST Wait status flag of real-time counter
0 Counter is operating.
1 Mode to read or write counter value

This status flag indicates whether the setting of RWAIT is valid.
Before reading or writing the counter value, confirm that the value of this flag is 1.

RWAIT Wait control of real-time counter
0 Sets counter operation.
1 Stops SEC to YEAR counters. Mode to read or write counter value

This bit controls the operation of the counter.

Be sure to write “1” to it to read or write the counter value.

Because RSUBC continues operation, complete reading or writing of it in 1 second, and clear this bit back to 0.
When RWAIT = 1, it takes up to 1 clock (32.768 kHz) until the counter value can be read or written.

If RSUBC overflows when RWAIT = 1, it counts up after RWAIT = 0. If the second count register is written,
however, it does not count up because RSUBC is cleared.

Caution

Remark

The RIFG and WAFG flags may be cleared when the RTCC1 register is written by using a 1-bit
manipulation instruction. Use, therefore, an 8-bit manipulation instruction in order to write to
the RTCC1 register. To prevent the RIFG and WAFG flags from being cleared during writing,
disable writing by setting “1” to the corresponding bit. When the value may be rewritten
because the RIFG and WAFG flags are not being used, the RTCC1 register may be written by
using a 1-bit manipulation instruction.

Fixed-cycle interrupts and alarm match interrupts use the same interrupt source (INTRTC). When
using these two types of interrupts at the same time, which interrupt occurred can be judged by
checking the fixed-cycle interrupt status flag (RIFG) and the alarm detection status flag (WAFG)
upon INTRTC occurrence.
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(4) Real-time counter control register 2 (RTCC2)
The RTCC2 register is an 8-bit register that is used to control the interval interrupt function and the RTCDIV
pin.
RTCC2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-5. Format of Real-Time Counter Control Register 2 (RTCC2)

Address: FFFOFH  After reset: 00H R/W

Symbol <7> <6> <5> 4 3 2 1 0
RTCC2 RINTE RCLOE2 RCKDIV 0 0 ICT2 ICTH ICTO
RINTE ICT2 ICT1 ICTO Interval interrupt (INTRTCI) selection
0 x X x Interval interrupt is not generated.
1 0 0 0 2°/xt (1.953125 ms)
1 0 0 1 2/fxt (3.90625 ms)
1 0 1 0 2%fixt (7.8125 ms)
1 0 1 1 2°/ixt (15.625 ms)
1 1 0 0 2"%fxt (31.25 ms)
1 1 0 1 2"'ffxr (62.5 ms)
1 1 1 x 2%/xt (125 ms)
RCLOE2™" RTCDIV pin output control
0 Output of RTCDIV pin is disabled.
1 Output of RTCDIV pin is enabled.
RCKDIV Selection of RTCDIV pin output frequency
0 RTCDIV pin outputs 512 Hz. (1.95 ms)
1 RTCDIV pin outputs 16.384 kHz. (0.061 ms)

Notes RCLOEO and RCLOE2 must not be enabled at the same time.

Cautions 1. Change ICT2, ICT1, and ICTO when RINTE = 0.

2. When the output from RTCDIV pin is stopped, the output continues after a maximum of
two clocks of fxr and enters the low level. While 512 Hz is output, and when the output is
stopped immediately after entering the high level, a pulse of at least one clock width of fxr
may be generated.

3. After the real-time counter starts operating, the output width of the RTCDIV pin may be
shorter than as set during the first interval period.
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(5) Sub-count register (RSUBC)
The RSUBC register is a 16-bit register that counts the reference time of 1 second of the real-time counter. It
takes a value of 0000H to 7FFFH and counts 1 second with a clock of 32.768 kHz.
RSUBC can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Cautions 1. When a correction is made by using the SUBCUD register, the value may become 8000H
or more.
2. This register is also cleared by reset effected by writing the second count register.
3. The value read from this register is not guaranteed if it is read during operation, because
a value that is changing is read.

Figure 7-6. Format of Sub-Count Register (RSUBC)

Address: FFFO90H  After reset: 0000H R
Symbol 7 6 5 4 3 2 1 0
RSUBC SUBC7 SUBC6 SUBC5 SUBC4 SUBC3 SUBC2 SUBC1 SUBCO

Address: FFF91H  After reset: 0000H R
Symbol 7 6 5 4 3 2 1 0
RSUBC SUBC15 SUBC14 SUBC13 SUBC12 SUBC11 SUBC10 SUBC9 SUBC8

(6) Second count register (SEC)
The SEC register is an 8-bit register that takes a value of 0 to 59 (decimal) and indicates the count value of
seconds.
It counts up when the sub-counter overflows.
When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (32.768 kHz)
later. Set a decimal value of 00 to 59 to this register in BCD code. If a value outside the range is set, the
register value returns to the normal value after 1 period.
SEC can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-7. Format of Second Count Register (SEC)

Address: FFF92H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
SEC 0 SEC40 SEC20 SEC10 SEC8 SEC4 SEC2 SECA1
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(7) Minute count register (MIN)

The MIN register is an 8-bit register that takes a value of 0 to 59 (decimal) and indicates the count value of
minutes.

It counts up when the second counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (32.768 kHz)
later. Even if the second count register overflows while this register is being written, this register ignores the
overflow and is set to the value written. Set a decimal value of 00 to 59 to this register in BCD code. If a value
outside the range is set, the register value returns to the normal value after 1 period.

MIN can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 7-8. Format of Minute Count Register (MIN)

Address: FFF93H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

MIN | 0 ‘ MIN40 ‘ MIN20 MIN10 MIN8 ‘ MIN4 ‘ MIN2 | MIN1 |

(8) Hour count register (HOUR)

The HOUR register is an 8-bit register that takes a value of 00 to 23 or 01 to 12, 21 to 32 (decimal) and
indicates the count value of hours.

It counts up when the minute counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (32.768 kHz)
later. Even if the minute count register overflows while this register is being written, this register ignores the
overflow and is set to the value written. Specify a decimal value of 00 to 23, 01 to 12, or 21 to 32 by using BCD
code according to the time system specified using bit 3 (AMPM) of real-time counter control register 0
(RTCCO).

If the AMPM bit value is changed, the values of the HOUR register change according to the specified time
system.

If a value outside the range is set, the register value returns to the normal value after 1 period.

HOUR can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 12H.

However, the value of this register is 00H if the AMPM bit is set to 1 after reset.

Figure 7-9. Format of Hour Count Register (HOUR)

Address: FFF94H  After reset: 12H R/W
Symbol 7 6 5 4 3 2 1 0

HOUR 0 ‘ 0 ‘ HOUR20 ‘ HOUR10 ‘ HOURS ‘ HOUR4 ‘ HOUR2 HOUR1
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Caution Bit 5 (HOUR20) of HOUR indicates AM(0)/PM(1) if AMPM = 0 (if the 12-hour system is
selected).
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Table 7-2. Displayed Time Digits

24-Hour Display (AMPM Bit = 1)

12-Hour Display (AMPM Bit = 0)

Time HOUR Register Time HOUR Register
0 00H 0am. 12H
1 01H 1am. 01H
2 02H 2a.m. 02H
3 03H 3a.m. 03H
4 04H 4 a.m. 04H
5 05H 5am. 05H
6 06H 6 a.m. 06H
7 07H 7 a.m. 07H
8 08H 8a.m. 08H
9 09H 9a.m. 09H
10 10H 10 a.m. 10H
11 11H 11 am. 11H
12 12H 0p.m. 32H
13 13H 1p.m. 21H
14 14H 2 p.m. 22H
15 15H 3 p.m. 23H
16 16H 4 p.m. 24H
17 17H 5p.m. 25H
18 18H 6 p.m. 26H
19 19H 7 p.m. 27H
20 20H 8 p.m. 28H
21 21H 9 p.m. 29H
22 22H 10 p.m. 30H
23 23H 11 p.m. 31H
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(9) Day count register (DAY)

The DAY register is an 8-bit register that takes a value of 1 to 31 (decimal) and indicates the count value of
days.

It counts up when the hour counter overflows.

This counter counts as follows.

01 to 31 (January, March, May, July, August, October, December)
01 to 30 (April, June, September, November)

01 to 29 (February, leap year)

01 to 28 (February, normal year)

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (32.768 kHz)
later. Even if the hour count register overflows while this register is being written, this register ignores the
overflow and is set to the value written. Set a decimal value of 01 to 31 to this register in BCD code. If a value
outside the range is set, the register value returns to the normal value after 1 period.

DAY can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 01H.

Figure 7-10. Format of Day Count Register (DAY)

Address: FFF96H  After reset: 01H R/W
Symbol 7 6 5 4 3 2 1 0

DAY | 0 ‘ 0 ‘ DAY20 DAY10 DAY8 DAY4 DAY2 DAY1

(10) Week count register (WEEK)

284

The WEEK register is an 8-bit register that takes a value of 0 to 6 (decimal) and indicates the count value of
weekdays.

It counts up in synchronization with the day counter.

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (32.768 kHz)
later. Set a decimal value of 00 to 06 to this register in BCD code. If a value outside the range is set, the
register value returns to the normal value after 1 period.

WEEK can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.
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Figure 7-11. Format of Week Count Register (WEEK)

Address: FFF95H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
WEEK 0 0 0 0 0 WEEK4 WEEK2 WEEK1

Caution The value corresponding to the month count register or the day count register is not stored
in the week count register automatically. After reset release, set the week count register as

follow.

Day WEEK

Sunday 00H

Monday 01H

Tuesday 02H

Wednesday 03H

Thursday 04H

Friday 05H

Saturday 06H
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(11) Month count register (MONTH)

The MONTH register is an 8-bit register that takes a value of 1 to 12 (decimal) and indicates the count value
of months.

It counts up when the day counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (32.768 kHz)
later. Even if the day count register overflows while this register is being written, this register ignores the
overflow and is set to the value written. Set a decimal value of 01 to 12 to this register in BCD code. If a value
outside the range is set, the register value returns to the normal value after 1 period.

MONTH can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 01H.

Figure 7-12. Format of Month Count Register (MONTH)

Address: FFF97H  After reset: 01H R/W
Symbol 7 6 5 4 3 2 1 0
MONTH | 0 ‘ 0 ‘ 0 MONTH10 ‘ MONTHS8 ‘ MONTH4 ‘ MONTH2 MONTH1

(12) Year count register (YEAR)

The YEAR register is an 8-bit register that takes a value of 0 to 99 (decimal) and indicates the count value of
years.

It counts up when the month counter overflows.

Values 00, 04, 08, ..., 92, and 96 indicate a leap year.

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (32.768 kHz)
later. Even if the month count register overflows while this register is being written, this register ignores the
overflow and is set to the value written. Set a decimal value of 00 to 99 to this register in BCD code. If a value
outside the range is set, the register value returns to the normal value after 1 period.

YEAR can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 7-13. Format of Year Count Register (YEAR)

Address: FFF98H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
YEAR YEARS80 YEAR40 YEAR20 YEAR10 YEARS8 YEAR4 YEAR2 YEAR1
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(13) Watch error correction register (SUBCUD)
This register is used to correct the watch with high accuracy when it is slow or fast by changing the value
(reference value: 7FFFH) that overflows from the sub-count register (RSUBC) to the second count register.
SUBCUD can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 7-14. Format of Watch Error Correction Register (SUBCUD)

Address: FFF9Q9H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
SUBCUD DEV F6 F5 F4 F3 F2 F1 FO
DEV Setting of watch error correction timing
0 Corrects watch error when the second digits are at 00, 20, or 40 (every 20 seconds).
1 Corrects watch error only when the second digits are at 00 (every 60 seconds).

Writing to the SUBCUD register at the following timing is prohibited.
e When DEV = 0 is set: For a period of SEC = 00H, 20H, 40H
e When DEV =1 is set: For a period of SEC = 00H

F6 Setting of watch error correction value
0 Increases by {(F5, F4, F3, F2, F1, FO) — 1} x 2.
1 Decreases by {(/F5, /F4, /F3, /F2, /[F1, [FO) + 1} x 2.

When (F6, F5, F4, F3, F2, F1, F0) = (*, 0, 0, O, 0, O, *), the watch error is not corrected. *is 0 or 1.
/F5 to /FO are the inverted values of the corresponding bits (000011 when 111100).

Range of correction value: (when F6=0) 2,4,6,8, ..., 120, 122, 124

(whenF6=1) -2,-4,-6,-8,...,-120,-122, -124

The range of value that can be corrected by using the watch error correction register (SUBCUD) is shown

below.
DEV = 0 (correction every 20 seconds) DEV = 1 (correction every 60 seconds)
Correctable range —189.2 ppm to 189.2 ppm —63.1 ppm to 63.1 ppm
Maximum excludes +1.53 ppm +0.51 ppm
quantization error
Minimum resolution +3.05 ppm +1.02 ppm

Remark Set DEV to 0 when the correction range is -63.1 ppm or less, or 63.1 ppm or more.
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(14) Alarm minute register (ALARMWM)
This register is used to set minutes of alarm.
ALARMWNM can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Caution Set a decimal value of 00 to 59 to this register in BCD code. If a value outside the range is
set, the alarm is not detected.

Figure 7-15. Format of Alarm Minute Register (ALARMWM)

Address: FFFQAH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
ALARMWM | 0 ‘ WM40 ‘ WM20 ‘ WM10 ‘ WM8 ‘ WM4 ‘ WM2 WMA1

(15) Alarm hour register (ALARMWH)
This register is used to set hours of alarm.
ALARMWH can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 12H.
However, the value of this register is 00H if the AMPM bit is set to 1 after reset.

Caution Set a decimal value of 00 to 23, 01 to 12, or 21 to 32 to this register in BCD code. If a value
outside the range is set, the alarm is not detected.

Figure 7-16. Format of Alarm Hour Register (ALARMWH)

Address: FFFOBH  After reset: 12H R/W
Symbol 7 6 5 4 3 2 1 0

ALARMWH 0 ‘ 0 WH20 WH10 WHS8 WH4 WH2 WH1

Caution Bit 5 (WH20) of ALARMWH indicates AM(0)/PM(1) if AMPM = 0 (if the 12-hour system is
selected).

(16) Alarm week register (ALARMWW)
This register is used to set date of alarm.
ALARMWW can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 7-17. Format of Alarm Week Register (ALARMWW)

Address: FFFOQCH  After reset: 0O0H R/W
Symbol 7 6 5 4 3 2 1 0

ALARMWW 0 WwWe WW5 Www4 WW3 Ww2 WW1 WWO
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Here is an example of setting the alarm.

Time of Alarm Day 12-Hour Display 24-Hour Display
Sunday|Monday | Tuesday [Wednesday| Thursday | Friday (Saturday| Hour | Hour |Minute|Minute| Hour | Hour |Minute |Minute
10 1 10 1 10 1 10 1
w w w w w w w
w w w w w w w
0 1 2 3 4 5 6
Every day, 0:00 a.m. 1 1 1 1 1 1 1 1 2 0 0 0 0 0 0
Every day, 1:30 a.m. 1 1 1 1 1 1 1 0 1 3 0 0 1 3 0
Every day, 11:59 a.m. 1 1 1 1 1 1 1 1 1 5 9 1 1 5 9
Monday through 0 1 1 1 1 1 0 3 2 0 0 1 2 0 0
Friday, 0:00 p.m.
Sunday, 1:30 p.m. 1 0 0 0 0 0 0 2 1 3 0 1 3 3 0
Monday, Wednesday, 0 1 0 1 0 1 0 3 1 5 9 2 3 5 9
Friday, 11:59 p.m.
<R> (17) Port mode registers 1, 3 (PM1, PM3)

This register sets ports 1 and 3 input/output in 1-bit units.

When using the P15/RTCDIV/RTCCL and P30/RTC1HZ/INTP3 pins for clock output of real-time counter, clear
PM15 and PM30 and the output latches of P15 and P30 to 0.

PM1 and PM3 are set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Figure 7-18. Format of Port Mode Registers 1 and 3 (PM1, PM3)

Address: FFF21H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PM1 | PM17 ‘ PM16 ‘ PM15 ‘ PM14 ‘ PM13 ‘ PM12 ‘ PM11 ‘ PM10 |

Address: FFF23H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM31 ‘ PM30 |
PMmn Pmn pin /O mode selection(m=1and3;n=01t07)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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REAL-TIME COUNTER

7.4 Real-Time Counter Operation

7.4.1 Starting operation of real-time counter

Figure 7-19. Procedure for Starting Operation of Real-Time Counter

C )

Start
RTCEN =

[
| RTCE=0 |

1 Note 1

[
Setting AMPM, CT2 to CTO

Setting SEC (cleanng RSUBC) |

| Setting MIN
[

Setting HOUR
[
Setting WEEK

Setting DAY

Setting MONTH

Setting YEAR

Setting SUBCUDNete 2

Clearing IF flags of interrupt

Clearing MK flags of interrupt

RTCE = {Vetes

INTRTC =1?

Reading counter

( )

Notes 1.

Supplies input clock.

Stops counter operation.

Selects 12-/24-hour system and interrupt (INTRTC).

Sets second count register.

Sets minute count register.

Sets hour count register.

Sets week count register.

Sets day count register.

Sets month count register.

Sets year count register.

Sets watch error correction register.

Clears interrupt request flags (RTCIF, RTCIIF).

Clears interrupt mask flags (RTCMK, RTCIMK).

Starts counter operation.

First set RTCEN to 1, while oscillation of the subsystem clock (fsus) is stable.

2. Set up SUBCUD only if the watch error must be corrected. For details about how to calculate the

correction value, see 7.4.8 Example of watch error correction of real-time counter.
3. Confirm the procedure described in 7.4.2 Shifting to STOP mode after starting operation when
shifting to STOP mode without waiting for INTRTC = 1 after RTCE = 1.
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7.4.2 Shifting to STOP mode after starting operation
Perform one of the following processing when shifting to STOP mode immediately after setting RTCE to 1.

However, after setting RTCE to 1, this processing is not required when shifting to STOP mode after the first
INTRTC interrupt has occurred.

e Shifting to STOP mode when at least two subsystem clocks (fsus) (about 62 x s) have elapsed after setting RTCE
to 1 (see Figure 7-20, Example 1).
e Checking by polling RWST to become 1, after setting RTCE to 1 and then setting RWAIT to 1. Afterward, setting
RWAIT to 0 and shifting to STOP mode after checking again by polling that RWST has become 0 (see Figure 7-

20, Example 2).

Figure 7-20. Procedure for Shifting to STOP Mode After Setting RTCE to 1

Example 1

%

RTCE =1

Waiting at least for 2
fsus clocks

STOP mode

AL

Sets to counter operation
start

Shifts to STOP mode No

No

Example 2

T

RTCE =1

RWAIT =1

é

Yes

RWAIT =0

|

é

Yes

STOP mode

¢
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Sets to counter operation
start

Sets to stop the SEC to YEAR
counters, reads the counter
value, write mode

Checks the counter wait status

Sets the counter operation

Shifts to STOP mode

291



CHAPTER 7 REAL-TIME COUNTER

7.4.3 Reading/writing real-time counter
Read or write the counter after setting 1 to RWAIT first.

Figure 7-21. Procedure for Reading Real-Time Counter

s )

_ Stops SEC to YEAR counters.
RWAIT = 1 Mode to read and write count values
No .
RWST =1? Checks wait status of counter.
Yes
Reading SEC Reads second count register.
I
Reading MIN Reads minute count register.
Reading HOUR Reads hour count register.
Reading WEEK Reads week count register.
Reading DAY Reads day count register.
Reading MONTH Reads month count register.
Reading YEAR Reads year count register.
RWAIT =0 Sets counter operation.
No RWST = 07Nte
Yes

Cw

Note Be sure to confirm that RWST = 0 before setting STOP mode.

Caution Complete the series of operations of setting RWAIT to 1 to clearing RWAIT to 0 within 1 second.

Remark SEC, MIN, HOUR, WEEK, DAY, MONTH, and YEAR may be read in any sequence.
All the registers do not have to be set and only some registers may be read.
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Figure 7-22. Procedure for Writing Real-Time Counter

s )

_ Stops SEC to YEAR counters.
RWAIT = 1 Mode to read and write count values
No .
RWST =1? Checks wait status of counter.
Yes
Writing SEC Writes second count register.
Writing MIN Writes minute count register.
Writing HOUR Writes hour count register.
Writing WEEK Writes week count register.
Writing DAY Writes day count register.
Writing MONTH Writes month count register.
Writing YEAR Writes year count register.
RWAIT =0 Sets counter operation.

RWST = Q?Nete

G

Note Be sure to confirm that RWST = 0 before setting STOP mode.

Caution Complete the series of operations of setting RWAIT to 1 to clearing RWAIT to 0 within 1 second.

Remark SEC, MIN, HOUR, WEEK, DAY, MONTH, and YEAR may be written in any sequence.
All the registers do not have to be set and only some registers may be written.
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7.4.4 Setting alarm of real-time counter

Remarks 1. ALARMWM, ALARMWH, and ALARMWW may be written in any sequence.

2. Fixed-cycle interrupts and alarm match interrupts use the same interrupt source (INTRTC). When
using these two types of interrupts at the same time, which interrupt occurred can be judged by
checking the fixed-cycle interrupt status flag (RIFG) and the alarm detection status flag (WAFG) upon

294

Set time of alarm after setting O to WALE first.

Figure 7-23. Alarm Setting Procedure

( Start

)

WALE =0

WALIE =1

Setting ALARMWM

Setting ALARMWH

Setting ALARMWW

WALE =1

INTRTC =1?

Match detection of alarm | Yes

Match operation of alarm is invalid.

Interrupt is generated when alarm matches.

Sets alarm minute register.

Sets alarm hour register.

Sets alarm week register.

Match operation of alarm is valid.

( Alarm processing

) @onstant-period interrupt servicingD

INTRTC occurrence.
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7.4.5 1 Hz output of real-time counter

Figure 7-24. 1 Hz Output Setting Procedure

" s )

RTCE =0 Stops counter operation.
[
RCLOE1 =1 Enables output of RTC1HZ pin (1 Hz).
[
RTCE =1 Starts counter operation.

@utput start from RTC1HZ piD

<R> Caution First set RTCEN to 1, while oscillation of the subsystem clock (fsus) is stable.

<R> 7.4.6 32.768 kHz output of real-time counter

Figure 7-25. 32.768 kHz Output Setting Procedure

s )

RCLOEO =1 Enables output of RTCCL pin (32.768 kHz).

32.768 kHz output
start from RTCCL pin

Caution First set RTCEN to 1, while oscillation of the subsystem clock (fsus) is stable.

<R> 7.4.7 512 Hz, 16.384 kHz output of real-time counter

Figure 7-26. 512 Hz, 16.384 kHz output Setting Procedure

s )

512 Hz Output: RCKDIV = 0 | Selects output frequency of
16.384 kHz Output: RCKDIV = 1| RTCDIV pin.

RCLOE2 =1 Enables output of RTCDIV pin.

512 Hz or 16.384 kHz
output start from RTCDIV pin

Caution First set RTCEN to 1, while oscillation of the subsystem clock (fsus) is stable.
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7.4.8 Example of watch error correction of real-time counter
The watch can be corrected with high accuracy when it is slow or fast, by setting a value to the watch error
correction register.

|Examp|e of calculating the correction value|
The correction value used when correcting the count value of the sub-count register (RSUBC) is calculated by

using the following expression.
Set DEV to 0 when the correction range is —-63.1 ppm or less, or 63.1 ppm or more.

(When DEV = 0)
Correction value

Note

= Number of correction counts in 1 minute + 3 = (Oscillation frequency + Target frequency
—-1) X 32768 X 60 + 3

(When DEV = 1)
Correction value

Note

= Number of correction counts in 1 minute = (Oscillation frequency + Target frequency — 1)
X 32768 X 60

Note The correction value is the watch error correction value calculated by using bits 6 to 0 of the watch error
correction register (SUBCUD).
(When F6 = 0) Correction value = {(F5, F4, F3, F2, F1, FO) — 1} X 2
(When F6 = 1) Correction value = — {(/F5, /F4, /F3, /F2, /[F1, /[FO) + 1} X 2

When (F6, F5, F4, F3, F2, F1, FO) is (*, 0, 0, 0, 0, 0, *), watch error correction is not performed. “*”is 0
or1.
/F5 to /FO are bit-inverted values (000011 when 111100).

Remarks 1. The correction value is 2, 4, 6, 8, ... 120, 122, 124 or -2, -4, -6, -8, ... —-120, —122, —124.
2. The oscillation frequency is the subsystem clock (fsus).
It can be calculated from the 32 kHz output frequency of the RTCCL pin or the output frequency of
the RTC1HZ pin X 32768 when the watch error correction register is set to its initial value (00H).
3. The target frequency is the frequency resulting after correction performed by using the watch error
correction register.
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[Correction example <1>]
Example of correcting from 32772.3 Hz to 32768 Hz (32772.3 Hz — 131.2 ppm)

[Measuring the oscillation frequency]
of each product is measured by outputting about 32 kHz from the RTCCL pin or
outputting about 1 Hz from the RTC1HZ pin when the watch error correction register is set to its initial value (O0H).

Note

The oscillation frequency

Note See 7.4.5 1 Hz output of real-time counter for the setting procedure of outputting about 1 Hz from the
RTC1HZ pin, and 7.4.6 32.768 kHz output of real-time counter for the setting procedure of outputting
about 32 kHz from the RTCCL pin.

[Calculating the correction value]

(When the output frequency from the RTCCL pin is 32772.3 Hz)

If the target frequency is assumed to be 32768 Hz (32772.3 Hz — 131.2 ppm), the correction range for —-131.2
ppm is —63.1 ppm or less, so assume DEV to be 0.

The expression for calculating the correction value when DEV is 0 is applied.

Correction value = Number of correction counts in 1 minute + 3
= (Oscillation frequency + Target frequency — 1) X 32768 X 60 + 3
= (32772.3 + 32768 — 1) X 32768 X 60 + 3
=86

[Calculating the values to be set to (F6 to F0)]
(When the correction value is 86)
If the correction value is 0 or more (when delaying), assume F6 to be 0.
Calculate (F5, F4, F3, F2, F1, FO) from the correction value.

{(F5, F4, F3, F2, F1, F0) -1} X 2 =86
(F5, F4, F3, F2, F1, FO) =44
(F5, F4, F3, F2, F1, FO) =(1,0,1,1,0,0)

Consequently, when correcting from 32772.3 Hz to 32768 Hz (32772.3 Hz — 131.2 ppm), setting the correction
register such that DEV is 0 and the correction value is 86 (bits 6 to 0 of SUBCUD: 0101100) results in 32768 Hz
(0 ppm).

Figure 7-27 shows the operation when (DEV, F6, F5, F4, F3, F2, F1, FO) is (0, 0, 1,0, 1,1, 0, 0).
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CHAPTER 7 REAL-TIME COUNTER

[Correction example <2>]
Example of correcting from 32767.4 Hz to 32768 Hz (32767.4 Hz + 18.3 ppm)

[Measuring the oscillation frequency]
of each product is measured by outputting about 32 kHz from the RTCCL pin or
outputting about 1 Hz from the RTC1HZ pin when the watch error correction register is set to its initial value (O0H).

Note

The oscillation frequency

Note See 7.4.5 1 Hz output of real-time counter for the setting procedure of outputting about 1 Hz from the
RTC1HZ pin, and 7.4.6 32.768 kHz output of real-time counter for the setting procedure of outputting
about 32 kHz from the RTCCL pin.

[Calculating the correction value]
(When the output frequency from the RTCCL pin is 0.9999817 Hz)
Oscillation frequency = 32768 X 0.9999817 ~ 32767.4 Hz
Assume the target frequency to be 32768 Hz (32767.4 Hz + 18.3 ppm) and DEV to be 1.
The expression for calculating the correction value when DEV is 1 is applied.

Correction value = Number of correction counts in 1 minute
= (Oscillation frequency + Target frequency — 1) X 32768 X 60
= (32767.4 + 32768 — 1) X 32768 X 60
=-36

[Calculating the values to be set to (F6 to FO0)]
(When the correction value is —36)
If the correction value is 0 or less (when speeding up), assume F6 to be 1.
Calculate (F5, F4, F3, F2, F1, FO) from the correction value.

—{(/F5, IF4, IF3, [F2, [F1, [FO) + 1} X 2 =-36

(F5, IF4, IF3, /F2, /F1, [FO) =17

(F5, IF4, IF3, [F2, [F1, [FO) =(0,1,0,0,0,1)
(F5, F4, F3, F2, F1, F0) =(1,0,1,1,1,0)

Consequently, when correcting from 32767.4 Hz to 32768 Hz (32767.4 Hz + 18.3 ppm), setting the correction
register such that DEV is 1 and the correction value is —36 (bits 6 to 0 of SUBCUD: 1101110) results in 32768
Hz (0 ppm).

Figure 7-28 shows the operation when (DEV, F6, F5, F4, F3, F2, F1, FO)is (1,1, 1,0, 1,1, 1, 0).
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CHAPTER 8 WATCHDOG TIMER

8.1 Functions of Watchdog Timer

The watchdog timer operates on the internal low-speed oscillation clock.

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset
signal is generated.

Program loop is detected in the following cases.

If the watchdog timer counter overflows

e If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)
o If data other than “ACH” is written to WDTE

If data is written to WDTE during a window close period

When a reset occurs due to the watchdog timer, bit 4 (WDRF) of the reset control flag register (RESF) is set to 1.
For details of RESF, see CHAPTER 19 RESET FUNCTION.
When 75% of the overflow time is reached, an interval interrupt can be generated.
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CHAPTER 8 WATCHDOG TIMER

8.2 Configuration of Watchdog Timer
The watchdog timer includes the following hardware.

Table 8-1. Configuration of Watchdog Timer

Item Configuration

Control register Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, window open period, and interval interrupt are set by the
option byte.

Table 8-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer Option Byte (000COH)
Watchdog timer interval interrupt Bit 7 (WDTINT)
Window open period Bits 6 and 5 (WINDOW1, WINDOWO)
Controlling counter operation of watchdog timer Bit 4 (WDTON)
Overflow time of watchdog timer Bits 3 to 1 (WDCS2 to WDCSO0)
Controlling counter operation of watchdog timer Bit 0 (WDSTBYON)
(in HALT/STOP mode)

Remark For the option byte, see CHAPTER 23 OPTION BYTE.

Figure 8-1. Block Diagram of Watchdog Timer

WDTINT of option Interval time controller
byte (000COH) (Count value overflow time x 3/4)

Interval time interrupt

WDCS2 to WDCSO of
option byte (000COH)

Clock 20-bit 2o fu/2 Select Overflow signal
: — elector
fir input counter f——— Reset
controller output [—= Internal reset signal
controller
Count clear
signal Window size
WINDOWS1 and decision signal
WINDOWO of option——|  Window size check

byte (000COH)

WDTON of option Watchdog timer enable | ~| Write detector to
byte (000COH) register (WDTE) —| WDTE except ACH
! Internal bus !

Remark fi.: Internal low-speed oscillation clock frequency
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CHAPTER 8 WATCHDOG TIMER

8.3 Register Con

trolling Watchdog Timer

The watchdog timer is controlled by the watchdog timer enable register (WDTE).

(1) Watchdog timer enable register (WDTE)

Writing “ACH” to WDTE clears the watchdog timer counter and starts counting again.

This register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to 9AH or 1AH"",

Figure 8-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFFABH  After reset: 9AH/1AHN*®  R/W

Symbol

7 6 5 4

WDTE

Note The WDTE reset value differs depending on the WDTON setting value of the option byte (000COH). To

opera

te watchdog timer, set WDTON to 1.

WDTON Setting Value

WDTE Reset Value

0 (watchdog timer count operation disabled)

1AH

1 (watchdog timer count operation enabled)

9AH

Cautions 1.
2.

If a value other than “ACH” is written to WDTE, an internal reset signal is generated.

If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset signal

is generated.

The value read from WDTE is 9AH/1AH (this differs from the written value (ACH)).
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CHAPTER 8 WATCHDOG TIMER

8.4 Operation of Watchdog Timer

8.4.1 Controlling operation of watchdog timer

1.

When the watchdog timer is used, its operation is specified by the option byte (000COH).

¢ Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (000COH) to 1
(the counter starts operating after a reset release) (for details, see CHAPTER 23).

WDTON Watchdog Timer Counter
0 Counter operation disabled (counting stopped after reset)
1 Counter operation enabled (counting started after reset)

¢ Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH) (for details, see
8.4.2 and CHAPTER 23).

e Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (000COH)
(for details, see 8.4.3 and CHAPTER 23).

After a reset release, the watchdog timer starts counting.

By writing “ACH” to WDTE after the watchdog timer starts counting and before the overflow time set by the
option byte, the watchdog timer is cleared and starts counting again.

After that, write WDTE the second time or later after a reset release during the window open period. If WDTE
is written during a window close period, an internal reset signal is generated.

If the overflow time expires without “ACH” written to WDTE, an internal reset signal is generated.

A internal reset signal is generated in the following cases.

e If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)
o |f data other than “ACH” is written to WDTE

Cautions 1. When data is written to WDTE for the first time after reset release, the watchdog timer is

304

cleared in any timing regardless of the window open time, as long as the register is written
before the overflow time, and the watchdog timer starts counting again.

2. If the watchdog timer is cleared by writing “ACH” to WDTE, the actual overflow time may be
different from the overflow time set by the option byte by up to 2/fi. seconds.

3. The watchdog timer can be cleared immediately before the count value overflows.

<Example> When the overflow time is set to 2"/fi, writing “ACH” is valid up to count value
3FH.
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CHAPTER 8 WATCHDOG TIMER

Cautions 4. The operation of the watchdog timer in the HALT and STOP modes differs as follows
depending on the set value of bit 0 (WDSTBYON) of the option byte (000COH).

WDSTBYON =0 WDSTBYON =1

In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.

In STOP mode

If WDSTBYON = 0, the watchdog timer resumes counting after the HALT or STOP mode is
released. At this time, the counter is cleared to 0 and counting starts.
When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts
operating after the oscillation stabilization time has elapsed.
Therefore, if the period between the STOP mode release and the watchdog timer overflow is
short, an overflow occurs during the oscillation stabilization time, causing a reset.
Consequently, set the overflow time in consideration of the oscillation stabilization time
when operating with the X1 oscillation clock and when the watchdog timer is to be cleared
after the STOP mode release by an interval interrupt.

5. The watchdog timer continues its operation during self-programming of the flash memory
and EEPROM emulation. During processing, the interrupt acknowledge time is delayed. Set
the overflow time and window size taking this delay into consideration.

8.4.2 Setting overflow time of watchdog timer
Set the overflow time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH).
If an overflow occurs, an internal reset signal is generated. The present count is cleared and the watchdog timer
starts counting again by writing “ACH” to WDTE during the window open period before the overflow time.
The following overflow time is set.

Table 8-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCSH1 WDCSO0 Overflow Time of Watchdog Timer
0 0 0 2"/ (3.88 ms)
0 0 1 2"/fiL (7.76 ms)
0 1 0 2%/ (15.52 ms)
0 1 1 2%/ (31.03 ms)
1 0 0 2/fi (124.12 ms)
1 0 1 2"/fiL (496.48 ms)
1 1 0 2"/fiL (992.97 ms)
1 1 1 2%/fiL (3971.88 ms)

Caution The watchdog timer continues its operation during self-programming of the flash memory and
EEPROM emulation. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.

Remarks 1. fi.: Internal low-speed oscillation clock frequency
2. (): fiL =264 kHz (MAX.)

User's Manual U17893EJ8VOUD 305



CHAPTER 8 WATCHDOG TIMER

8.4.3 Setting window open period of watchdog timer
Set the window open period of the watchdog timer by using bits 6 and 5 (WINDOW1, WINDOWO) of the option
byte (000COH). The outline of the window is as follows.

o If “ACH” is written to WDTE during the window open period, the watchdog timer is cleared and starts counting
again.

e Even if “ACH” is written to WDTE during the window close period, an abnormality is detected and an internal
reset signal is generated.

Example: If the window open period is 25%

Counting Overflow
starts time

. . o Window open
’i Window close period (75%) — period (25%) ’{

T T

Internal reset signal is generated Counting starts again when
if “ACH” is written to WDTE. “ACH” is written to WDTE.

Caution When data is written to WDTE for the first time after reset release, the watchdog timer is cleared
in any timing regardless of the window open time, as long as the register is written before the
overflow time, and the watchdog timer starts counting again.

The window open period to be set is as follows.

Table 8-4. Setting Window Open Period of Watchdog Timer

WINDOWH WINDOWO Window Open Period of Watchdog Timer
0 0 25%
0 1 50%
1 0 75%
1 1 100%

Cautions 1. The watchdog timer continues its operation during self-programming of the flash memory
and EEPROM emulation. During processing, the interrupt acknowledge time is delayed. Set
the overflow time and window size taking this delay into consideration.

2. When bit 0 (WDSTBYON) of the option byte (000COH) = 0, the window open period is 100%
regardless of the values of WINDOW1 and WINDOWO.

3. Do not set the window open period to 25% if the watchdog timer corresponds to either of the
conditions below.

¢ When used at a supply voltage (Vop) below 2.7 V.

o When stopping all main system clocks (internal high-speed oscillation clock, X1 clock, and
external main system clock) by use of the STOP mode or software.

e Low-power consumption mode
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Remarks.1 If the overflow time is set to 2"/fiL, the window close time and open time are as follows.

Setting of Window Open Period

25% 50% 75% 100%

Window close time 0to 3.56 ms 01t02.37 ms 0t00.119 ms None

Window open time 3.561t03.88 ms |2.371t03.88 ms 0.1191t03.88 ms | 0to 3.88 ms

<When window open period is 25%>
o Overflow time:
2"/fiL (MAX.) = 2'°/264 kHz (MAX.) = 3.88 ms
e Window close time:
0 to 2"fi (MIN.) x (1 — 0.25) = 0 to 2'°/216 kHz (MIN.) x 0.75 = 0 to 3.56 ms
o Window open time:
2"/fiL (MIN.) x (1 — 0.25) to 2"/fiL (MAX.) = 2'°/216 kHz (MIN.) x 0.75 to 2'°/264 kHz (MAX.)
=3.56 10 3.88 ms

2. fi: Internal low-speed oscillation clock frequency

8.4.4 Setting watchdog timer interval interrupt
Depending on the setting of bit 7 (WDTINT) of an option byte (000COH), an interval interrupt (INTWDTI) can be
generated when 75% of the overflow time is reached.

Table 8-5. Setting of Watchdog Timer Interval Interrupt

WDTINT Use of Watchdog Timer Interval Interrupt
0 Interval interrupt is used.
1 Interval interrupt is generated when 75% of overflow time is reached.
Caution When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts

Remark

operating after the oscillation stabilization time has elapsed.

Therefore, if the period between the STOP mode release and the watchdog timer overflow is
short, an overflow occurs during the oscillation stabilization time, causing a reset.
Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the
STOP mode release by an interval interrupt.

The watchdog timer continues counting even after INTWDTI is generated (until ACH is written to the

WDTE register). If ACH is not written to the WDTE register before the overflow time, an internal reset
signal is generated.
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CHAPTER 9 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

9.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for carrier output during remote controlled transmission and clock output for
supply to peripheral ICs.

Buzzer output is a function to output a square wave of buzzer frequency.

One pin can be used to output a clock or buzzer sound.

Two output pins, PCLBUZ0 and PCLBUZ1, are available.

PCLBUZ0 outputs a clock selected by clock output select register 0 (CKSO0).

PCLBUZ1 outputs a clock selected by clock output select register 1 (CKS1).

Figure 9-1 shows the block diagram of clock output/buzzer output controller.

Figure 9-1. Block Diagram of Clock Output/Buzzer Output Controller

g Internal bus g

Clock output select register 1 (CKS1)

PCLOE1 0 0 0 CSEL1| CCS12| CCS11| CCs10

I

fMAIN ———] Prescaler
PCLOE1
5 3 fwan/2' to fwan/2'3 }
s Clock/buzzer
fman to fman/2* | 8 [ Note
§ controller PCLBUZ1"*/INTP7/P141
fsu to fsus/2’”
. o Ou(tgl:zl{a)tch PM141
fMAIN/2' ' to fMAIN/2

fmAIN to fwain/2*
fsus to fsus/2’

Clock/buzzer
controller ’ k © PCLBUZO"'/INTP6/P140
8 )(8 f

Selector

PCLOEO  |Output latch
fsup —— Prescaler U(E:J4O) PM140
PCLOEQ 0 0 0 CSELO | CCS02 | CCSO01 | CCS00

Clock output select register 0 (CKSO0)

g Internal bus g

Note The PCLBUZO and PCLBUZ1 pins can output a clock of up to 10 MHz at 2.7 V < Vbp. Setting a clock
exceeding 5 MHz at Vop < 2.7 V is prohibited.

Remark fvain: Main system clock frequency
fsus: Subsystem clock frequency
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9.2 Configuration of Clock Output/Buzzer Output Controller
The clock output/buzzer output controller includes the following hardware.

Table 9-1. Configuration of Clock Output/Buzzer Output Controller

Item Configuration

Control registers Clock output select registers 0, 1 (CKS0, CKS1)
Port mode register 14 (PM14)
Port register 14 (P14)

9.3 Registers Controlling Clock Output/Buzzer Output Controller

The following two registers are used to control the clock output/buzzer output controller.
¢ Clock output select registers 0, 1 (CKS0, CSK1)
e Port mode register 14 (PM14)

(1) Clock output select registers 0, 1 (CKS0, CKS1)
These registers set output enable/disable for clock output or for the buzzer frequency output pin
(PCLBUZ0/PCLBUZ1), and set the output clock.
Select the clock to be output from PCLBUZO by using CKSO.
Select the clock to be output from PCLBUZ1 by using CKS1.
CKSO0 and CKS1 are set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0H.
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Figure 9-2. Format of Clock Output Select Register n (CKSn)

Address: FFFASH  After reset: 0O0H R/W

Symbol <7> 6 5 4 3 2 1 0
CKSn PCLOEN 0 0 0 CSELn ‘ CCSn2 ‘ CCSni ‘ CCSno
PCLOEN PCLBUZn output enable/disable specification
0 Output disable (default)
1 Output enable
CSELn CCSn2 CCSn1 CCSn0 PCLBUZn output clock selection
fmain = fmain = fman =
5 MHz 10 MHz 20 MHz
0 0 0 0 fmain 5 MHz 10 MHz"" Setting
prohibited"**
0 0 0 1 fuan/2 | 2.5 MHz 5 MHz 10 MHZ""
0 0 1 0 fuan/2? | 1.25 MHz 2.5 MHz 5 MHz
0 0 1 1 fman/2° | 625 kHz 1.25 MHz 2.5 MHz
0 1 0 0 fuan/2* | 312.5 kHz 625 kHz 1.25 MHz
0 1 0 1 fuan/2''| 2.44 kHz 4.88 kHz 9.76 kHz
0 1 1 0 fuan/2"| 1.22 kHz 2.44 kHz 4.88 kHz
0 1 1 1 fuan/2"°| 610 Hz 1.22 kHz 2.44 kHz
1 0 0 0 fsus 32.768 kHz
1 0 0 1 fsus/2 16.384 kHz
1 0 1 0 fsus/2® 8.192 kHz
1 0 1 1 fsus/2° 4.096 kHz
1 1 0 0 fsus/2* 2.048 kHz
1 1 0 1 fsus/2° 1.024 kHz
1 1 1 0 fsus/2° 512 Hz
1 1 1 1 fsus/2’ 256 Hz

Note Setting an output clock exceeding 10 MHz is prohibited when 2.7 V < Vob. Setting a clock exceeding 5
MHz at Vob < 2.7 V is also prohibited.

Cautions 1. Change the output clock after disabling clock output (PCLOEn = 0).
2. If the selected clock (fwan or fsus) stops during clock output (PCLOEn = 1), the output
becomes undefined.

Remarks 1. n=0, 1

2. fmain: Main system clock frequency
3. fsue: Subsystem clock frequency
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(2) Port mode register 14 (PM14)
This register sets port 14 input/output in 1-bit units.
When using the P140/INTP6/PCLBUZ0 and P141/INTP7/PCLBUZ1 pins for clock output/buzzer output, clear
PM140 and PM141 and the output latches of P140 and P141 to O.
PM14 is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 9-3. Format of Port Mode Register 14 (PM14)

Address: FFF2EH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM14 | 1 ‘ 1 ‘ PM145 ‘ PM144 ‘ PM143 ‘ PM142 ‘ PM141 ‘ PM140 |
PM14n P14n pin 1/0 mode selection (n =0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

9.4 Operations of Clock Output/Buzzer Output Controller

One pin can be used to output a clock or buzzer sound.

Two output pins, PCLBUZ0 and PCLBUZ1, are available.

PCLBUZ0 outputs a clock/buzzer selected by clock output select register 0 (CKSO0).
PCLBUZ1 outputs a clock/buzzer selected by clock output select register 1 (CKS1).

9.4.1 Operation as output pin
PCLBUZn is output as the following procedure.

<1> Select the output frequency with bits 0 to 3 (CCSn0 to CCSn2, CSELN) of the clock output select register
(CKSn) of the PCLBUZn pin (output in disabled status).
<2> Set bit 7 (PCLOEN) of CKSn to 1 to enable clock/buzzer output.

<R> Remarks 1. The controller used for outputting the clock starts or stops outputting the clock one clock after
enabling or disabling clock output (PCLOEN) is switched. At this time, pulses with a narrow width

are not output. Figure 9-4 shows enabling or stopping output using PCLOEn and the timing of
outputting the clock.
2. n=0,1

<R> Figure 9-4. Remote Control Output Application Example

Narrow pulses are not recognized
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CHAPTER 10 A/D CONVERTER

10.1 Function of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of up to 8 channels (ANIO to
ANI7) with a resolution of 10 bits.
The A/D converter has the following function.

¢ 10-bit resolution A/D conversion
10-bit resolution A/D conversion is carried out repeatedly for one analog input channel selected from ANIO to

ANI7. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

Figure 10-1. Block Diagram of A/D Converter

. éi(@ AVrero
ADCS bit —=
ANIO/P20© Sample & hold circuit . 3 3
ANI1/P21© : : A/D voltage comparator - 3 3
L0 =¥ .
ANI2/P22 O~ : 1 P82
1 : TR

ANI3/P23 @—~| ; AVss I ! -

Selector [ : . '
ANI4/P24 ©—] Successive o '

approximation o T AVss
ANI5/P25 @— register (SAR) [ S
ANI6/P26 ©——
ANI7/P27 @—
1 Controller|—| INTAD
A/D conversion result
4 5 5 register (ADCR)
S — — [— — P ——
| ADISS ‘ ADS2 ‘ ADS1 ‘ ADSO | |ADPCA‘ADPCB ‘ADPCZ ‘ ADPC1 ‘ADPCOl | ADCS ‘ FR2 ‘ FR1 ‘ FRO ‘ LV1 ‘ LVO ‘ADCE |
Analog input channel A/D port configuration A/D converter mode
specification register (ADS) register (ADPC) register (ADM)

g Internal bus g
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10.2 Configuration of A/D Converter

)

)

@)

4)

(5)

(6)

@

The A/D converter includes the following hardware.

ANIO to ANI7 pins
These are the analog input pins of the 8-channel A/D converter. They input analog signals to be converted into
digital signals. Pins other than the one selected as the analog input pin can be used as I/O port pins.

Sample & hold circuit

The sample & hold circuit samples the input voltage of the analog input pin selected by the selector when A/D
conversion is started, and holds the sampled voltage value during A/D conversion.

Series resistor string

The series resistor string is connected between AVRero and AVss, and generates a voltage to be compared with

the sampled voltage value.

Figure 10-2. Circuit Configuration of Series Resistor String

AVRero ©

P-ch = | o<} ADCS

Series resistor string

AVss ©

A/D Voltage comparator
The A/D voltage comparator compares the sampled voltage value and the output voltage of the series resistor
string.

Successive approximation register (SAR)

This register converts the result of comparison by the A/D voltage comparator, starting from the most significant
bit (MSB).

When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D
conversion), the contents of the SAR register are transferred to the A/D conversion result register (ADCR).

10-bit A/D conversion result register (ADCR)

The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCR register holds the A/D conversion result in its higher 10 bits (the lower 6
bits are fixed to 0).

8-bit A/D conversion result register (ADCRH)

The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCRH register stores the higher 8 bits of the A/D conversion result.
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(8) Controller
This circuit controls the conversion time of an input analog signal that is to be converted into a digital signal, as
well as starting and stopping of the conversion operation. When A/D conversion has been completed, this
controller generates INTAD.

(9) AVerero pin
This pin inputs an analog power/reference voltage to the A/D converter. The signal input to ANIO to ANI7 is
converted into a digital signal, based on the voltage applied across AVrero and AVss. The voltage that can be
supplied to AVrero varies as follows, depending on whether P20/ANIO to P27/ANI7 are used as digital I/Os or
analog inputs.

Table 10-1. AVrero Voltage Applied to P20/ANIO to P27/ANI7 Pins

Analog/Digital Vop Condition AVrero Voltage

Using at least one pin as an analog input and using all | 2.3V <Vop<5.5V [2.3V < AVrero < Vop = EVop
pins not as digital 1/Os

Pins used as analog inputs and digital I/Os are 27V <Vop<55V |2.7 V< AVrero < Vob = EVop
. Note
mixed 2.3V <Vop<27V |AVrero has same potential as EVop
and Vop

Using at least one pin as a digital I/O and using all pins | 2.7 V <Vop <5.5V [2.7 V < AVRrero < Vop = EVop

Note

not as analog inputs 1.8V <Vop<27V |AVrero has same potential as EVoo
and Voo

Note AVrero is the reference for the 1/0 voltage of a port to be used as a digital port.
¢ High-/low-level input voltage (ViH4/ViL4)
¢ High-/low-level output voltage (VoHz/VoL2)

(10) AVss pin
This is the ground potential pin of the A/D converter. Always use this pin at the same potential as that of the EVss
and Vss pins even when the A/D converter is not used.

(11) A/D converter mode register (ADM)
This register is used to set the conversion time of the analog input signal to be converted, and to start or stop the
conversion operation.

(12) A/D port configuration register (ADPC)
This register switches the ANIO/P20 to ANI7/P27 pins to analog input of A/D converter or digital I/O of port.

(13) Analog input channel specification register (ADS)
This register is used to specify the port that inputs the analog voltage to be converted into a digital signal.

(14) Port mode registers 2 (PM2)
This register switches the ANIO/P20 to ANI7/P27 pins to input or output.
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CHAPTER 10 A/D CONVERTER

10.3 Registers Used in A/D Converter
The A/D converter uses the following seven registers.

o Peripheral enable register 0 (PERO)

e A/D converter mode register (ADM)

o A/D port configuration register (ADPC)

¢ Analog input channel specification register (ADS)
o Port mode register 2 (PM2)

o 10-bit A/D conversion result register (ADCR)

e 8-bit A/D conversion result register (ADCRH)

(1) Peripheral enable register 0 (PERO0)
PERO is used to enable or disable use of each peripheral hardware macro. Clock supply to a hardware macro
that is not used is stopped in order to reduce the power consumption and noise.
When the A/D converter is used, be sure to set bit 5 (ADCEN) of this register to 1.
PERO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10-3. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> 1 <0>
PERO RTCEN DACEN ADCEN IICOEN SAU1EN SAUOEN 0 TAUOEN
ADCEN Control of A/D converter input clock
0 Stops supply of input clock.

o SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.

1 Supplies input clock.
e SFR used by the A/D converter can be read/written.

Cautions 1. When setting the A/D converter, be sure to set ADCEN to 1 first. If ADCEN = 0, writing to a
control register of the A/D converter is ignored, and, even if the register is read, only the
default value is read (except for port mode register 2 (PM2)).

2. Be sure to clear bit 1 of PERO register to 0.
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(2) A/D converter mode register (ADM)
This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.
ADM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 10-4. Format of A/D Converter Mode Register (ADM)

Address: FFF30H After reset: 0O0H R/W

Symbol <7> 6 5 4 3 2 1 <0>
ADM ADCS 0 FR2Nete? | FRqNotel | pFRQNotet ‘ LV {Note! ‘ LvQNete ‘ ADCE
ADCS A/D conversion operation control
0 Stops conversion operation
1 Enables conversion operation
ADCE A/D voltage comparator operation controlNote 2
0 Stops A/D voltage comparator operation
1 Enables A/D voltage comparator operation

Notes 1. For details of FR2 to FRO, LV1, LVO, and A/D conversion, see Table 10-3 A/D Conversion Time
Selection.

2. The operation of the A/D voltage comparator is controlled by ADCS and ADCE, and it takes 1 us from
operation start to operation stabilization. Therefore, when ADCS is set to 1 after 1 us or more has
elapsed from the time ADCE is set to 1, the conversion result at that time has priority over the first
conversion result. Otherwise, ignore data of the first conversion.

<R> Table 10-2. Settings of ADCS and ADCE
ADCS ADCE A/D Conversion Operation
0 0 Stop status (DC power consumption path does not exist)
0 1 Conversion waiting mode (only A/D voltage comparator consumes power)
1 0 Setting prohibited
1 1 Conversion mode (A/D voltage comparator: enables operation)
<R> Figure 10-5. Timing Chart When A/D voltage Comparator Is Used

:ﬂ—A/D voltage comparator : enables operation—»i
ADCE
A/D voltage / \
comparator ! ' i

Conversion ,  Conversion ., Conversion . Conversion
—-— -— B e

" operation i~ waiting . operation . stopped

ADCS ‘

iNote:

Note To stabilize the internal circuit, the time from the rising of the ADCE bit to the falling of the ADCS bit must be
1 us or longer.

Caution A/D conversion must be stopped before rewriting bits FRO to FR2, LV1, and LVO to values other
than the identical data.
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Table 10-3. A/D Conversion Time Selection

(1) 227 V<AVRer0 < 5.5V

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Clock
FR2 | FR1 | FRO | LV1 | LVO fok=2MHz | foxk=10MHz | fo=20 MHz (fao)
0 0 0 0 0 264/fcLk Setting prohibited | 26.4 us 13.2 us fo/12
0 0 1 0 0 |176/fck 17.6 us 8.8 s foLk/8
0 1 0 0 0 |132/ck 66.0 us"? 13.2 us 6.6 us'" foLk/6
0 1 1 0 0 88/fcLk 44.0 ps™°? 8.8 us"*’ Setting prohibited | foLk/4
1 0 0 0 0 66/fcLk 33.0 us 6.6 us"™! fewk/3
1 0 1 0 0 44/fcrk 22.0 us Setting prohibited foLk/2
1 1 1 0 0 22/foik 11.0 ™™’ fok
Other than above Setting prohibited
Notes 1. This can be set only when 4.0 V < AVRero < 5.5 V.
2. Functionally expanded products (#«PD78F115xA) only.
Caution Set the conversion times with the following conditions.

Conventional-specification products (xPD78F115x)
e 4.0V < AVRero < 5.5 V: fap = 0.6 to 3.6 MHz

e 2.7V <AVRero < 4.0 V: fap = 0.6 to 1.8 MHz
Functionally expanded products (#PD78F115xA)
e 4.0V < AVRero < 5.5 V: fap = 0.33 to 3.6 MHz

e 2.7V <AVRero < 4.0 V: fap = 0.33 to 1.8 MHz
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(2) 23 V<AVRero<5.5V

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Clock
FR2 | FR1 | FRO | LV1 | LVO fork= 2 MHz fowk= 5 MHz (fao)

0 0 0 0 1 480/fcLk Setting prohibited Setting prohibited fok/12

0 0 1 0 1 320/fcLk 64.0 us fok/8

0 1 0 0 1 240/fcx 48.0 us fok/6

0 1 1 0 1 160/fcx 32.0 us fok/4

1 0 0 0 1 120/foLk 60.0 us 24.0 us™*’ fou/3

1 0 1 0 1 80/fcLk 40.0 us 16.0 us™*? fok/2

1 1 1 0 1 40/fcLk 20.0 ps"*? Setting prohibited fork

Other than above Setting prohibited

Notes 1. This can be set only when 2.7 V < AVRero < 5.5 V.
2. This can be set only when 4.0 V < AVrero < 5.5 V.

Cautions 1. Set the conversion times with the following conditions.

e 4.0V < AVRero < 5.5 V: fap = 0.6 to 3.6 MHz
e 2.7V < AVRero < 4.0 V: fap = 0.6 to 1.8 MHz
e 2.3V < AVReFo < 2.7 V: fap = 0.6 to 1.44 MHz

2. When rewriting FR2 to FRO, LV1, and LVO to other than the same data, stop A/D conversion
once (ADCS = 0) beforehand.

3. Change LV1 and LVO from the default value, when 2.3 V < AVrero < 2.7 V.

4. The above conversion time does not include clock frequency errors. Select conversion time,
taking clock frequency errors into consideration.

Remark fcik: CPU/peripheral hardware clock frequency
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Figure 10-6. A/D Converter Sampling and A/D Conversion Timing

ADCS « 1 or ADS rewrite

ADCS
Sampling
timing ()c) .
INTAD |_|
(
1))
SAR Sampling Successive conversion|Transfer | SAR Sampling
clear to ADCR, | clear
INTAD
generation
4§
Conversion time Conversion time
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(3) 10-bit A/D conversion result register (ADCR)
This register is a 16-bit register that stores the A/D conversion result. The lower 6 bits are fixed to 0. Each time
A/D conversion ends, the conversion result is loaded from the successive approximation register. The higher 8
bits of the conversion result are stored in FFF1FH and the lower 2 bits are stored in the higher 2 bits of FFF1EH.
ADCR can be read by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 10-7. Format of 10-Bit A/D Conversion Result Register (ADCR)

Address: FFF1FH, FFF1EH After reset: 0000H R

FFF1FH FFF1EH
A A

Symbol v \

ADCR 0 0 0 0 0 0

Caution When writing to the A/D converter mode register (ADM), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of ADCR may become
undefined. Read the conversion result following conversion completion before writing to ADM,
ADS, and ADPC. Using timing other than the above may cause an incorrect conversion result to
be read.

(4) 8-bit A/D conversion result register (ADCRH)
This register is an 8-bit register that stores the A/D conversion result. The higher 8 bits of 10-bit resolution are
stored.
ADCRH can be read by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 10-8. Format of 8-Bit A/D Conversion Result Register (ADCRH)

Address: FFF1FH  Afterreset: OOH R

Symbol 7 6 5 4 3 2 1 0
ADCRH | | | | | | | | |

Caution When writing to the A/D converter mode register (ADM), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of ADCRH may become
undefined. Read the conversion result following conversion completion before writing to ADM,
ADS, and ADPC. Using timing other than the above may cause an incorrect conversion result to
be read.

320 User's Manual U17893EJ8VOUD



CHAPTER 10 A/D CONVERTER

(5) Analog input channel specification register (ADS)
This register specifies the input channel of the analog voltage to be A/D converted.
ADS can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10-9. Format of Analog Input Channel Specification Register (ADS)

Address: FFF31H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADS ADISS 0 0 0 0 ADS2 ADS1 ADSO
ADISS ADS2 ADSH1 ADSO Analog input Input source
channel
0 0 0 0 ANIO P20/ANIO pin
0 0 0 1 ANN P21/ANI1 pin
x 0 1 0 ANI2 P22/ANI2 pin
x 0 1 1 ANI3 P23/ANI3 pin
x 1 0 0 ANI4 P24/ANI4 pin
x 1 0 1 ANI5 P25/ANI5 pin
x 1 1 0 ANI6 P26/ANI6 pin
x 1 1 1 ANI7 P27/ANI7 pin

Cautions 1. Be sure to clear bits 3 to 6 to “0”.
2 Set a channel to be used for A/D conversion in the input mode by using port mode registers 2
(PM2).
3. Do not set the pin that is set by ADPC as digital /0O by ADS.

Remark x: don’t care
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(6) A/D port configuration register (ADPC)
This register switches the ANIO/P20 to ANI7/P27 pins to analog input of A/D converter or digital I/0 of port.
ADPC can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 10H.

Figure 10-10. Format of A/D Port Configuration Register (ADPC)

Address: FOO17H  After reset: 10H R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 ADPC4 ADPC3 ADPC2 ADPCH ADPCO
ADPC4 ADPC3 ADPC2 ADPCA1 ADPCO Analog Input (A)/digital /0 (D) switching
ANI7|ANI6|ANI5|ANI4|ANI3|ANI2|ANI1|ANIO
/P27 |/P26|/P25|/P24 (/P23 |/P22|/P21 |/P20
0 0 0 0 0 A A
0 0 0 0 1 A A|A|A|D
0 0 0 1 0 A|lA|A|A|A|A|D]|D
0 0 0 1 1 A|A|A|A|A | D|D]|D
0 0 1 0 0 A|A|A|A | D|D|D]|D
0 0 1 0 1 A|A|A|D|D|D|D|D
0 0 1 1 0 A|A|D|D|D|D|D]|D
0 0 1 1 1 A|D|D|D|D|D|D|D
0 1 0 0 0 D|D|D|D|D|D|D|D
1 0 0 0 0 D|D|D|D|D|D|D|D
Other than above Setting prohibited

Cautions 1. Set a channel to be used for A/D conversion in the input mode by using port mode registers 2

(PM2).

2. Do not set the pin that is set by ADPC as digital 1/0 by ADS.

3. When all pins of ANI0/P20 to ANI7/P27 are used as digital /0 (D), ADPC4 to ADPCO can be set
by either 01000 or 10000.

4. P20/ANIO to P27/ANI7 are set as analog inputs in the order of P27/ANI7, ..., P20/ANIO by the
A/D port configuration register (ADPC). When using P20/ANIO to P27/ANI7 as analog inputs,
start designing from P27/ANI7.
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(7) Port mode registers 2 (PM2)

When using the ANIO/P20 to ANI7/P27 pins for analog input port, set PM20 to PM27 to 1. The output latches of

P20 to P27 at this time may be 0 or 1.

If PM20 to PM27 are set to 0, they cannot be used as analog input port pins.
PM2 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to FFH.

Caution If a pin is set as an analog input port, not the pin level but “0” is always read.

Figure 10-11. Format of Port Mode Registers 2 (PM2)

Address: FFF22H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2n P2n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

ANIO/P20 to ANI7/P27 pins are as shown below depending on the settings of ADPC, ADS, and PM2.

Table 10-4. Setting Functions of ANI0O/P20 to ANI7/P27 Pins

ADPC PM2 ADS ANIO/P20 to ANI7/P27 Pins
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANI. Setting prohibited
Does not select ANI.
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10.4 A/D Converter Operations

10.4.1 Basic operations of A/D converter

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>

<10>

<11>

<12>
<13>

<14>

Set bit 5 (ADCEN) of peripheral enable register 0 (PERO) to 1 to start the supply of the input clock to the A/D
converter.

Set bit 0 (ADCE) of the A/D converter mode register (ADM) to 1 to start the operation of the A/D voltage
comparator.

Set channels for A/D conversion to analog input by using the A/D port configuration register (ADPC) and set
to input mode by using port mode registers 2 (PM2).

Set A/D conversion time by using bits 5 to 1 (FR2 to FRO, LV1, and LVO0) of ADM.

Select one channel for A/D conversion using the analog input channel specification register (ADS).

Start the conversion operation by setting bit 7 (ADCS) of ADM to 1.

(<7> to <13> are operations performed by hardware.)

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
sampled voltage is held until the A/D conversion operation has ended.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to
(1/2) AVReFo by the tap selector.

The voltage difference between the series resistor string voltage tap and sampled voltage is compared by the
A/D voltage comparator. If the analog input is greater than (1/2) AVRrero, the MSB of SAR remains setto 1. If
the analog input is smaller than (1/2) AVrero, the MSB is reset to 0.

Next, bit 8 of SAR is automatically set to 1, and the operation proceeds to the next comparison. The series
resistor string voltage tap is selected according to the preset value of bit 9, as described below.

e Bit 9 = 1: (3/4) AVRero

e Bit9=0: (1/4) AVRero

The voltage tap and sampled voltage are compared and bit 8 of SAR is manipulated as follows.

e Analog input voltage > Voltage tap: Bit8 =1

¢ Analog input voltage < Voltage tap: Bit8 =0

Comparison is continued in this way up to bit 0 of SAR.

Upon completion of the comparison of 10 bits, an effective digital result value remains in SAR, and the result
value is transferred to the A/D conversion result register (ADCR, ADCRH) and then latched.

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Repeat steps <7> to <13>, until ADCS is cleared to 0.

To stop the A/D converter, clear ADCS to 0.

To restart A/D conversion from the status of ADCE = 1, start from <6>. To start A/D conversion again when
ADCE = 0, set ADCE to 1, wait for 1 us or longer, and start <6>. To change a channel of A/D conversion,
start from <5>.

Caution Make sure the period of <2> to <6> is 1 us or more.

Remark Two types of A/D conversion result registers are available.

324

¢ ADCR (16 bits): Store 10-bit A/D conversion value
o ADCRH (8 bits): Store 8-bit A/D conversion value
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Figure 10-12. Basic Operation of A/D Converter

Conversion time

Sampling time

A/D converter
operation

»Z=0000000000CE"

ADCR Conversion
result

INTAD | |

A/D conversion operations are performed continuously until bit 7 (ADCS) of the A/D converter mode register (ADM)
is reset (0) by software.

If a write operation is performed to the analog input channel specification register (ADS) during an A/D conversion
operation, the conversion operation is initialized, and if the ADCS bit is set (1), conversion starts again from the
beginning.

Reset signal generation clears the A/D conversion result register (ADCR, ADCRH) to 0000H or 00H.

Sampling A/D conversion

User's Manual U17893EJ8VOUD 325



CHAPTER 10 A/D CONVERTER

10.4.2 Input voltage and conversion results
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the theoretical
A/D conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the following

expression.

VAN

SAR = INT ( x 1024 + 0.5)

REFO
ADCR = SAR x 64

or
ADCR ADCR AV
( -0.5) x AVrero <Van < ( C + 0.5) x REFO
64 1024 64 1024

where, INT(): Function which returns integer part of value in parentheses
VaIN: Analog input voltage
AVRero: AVREeFo pin voltage
ADCR: A/D conversion result register (ADCR) value
SAR:  Successive approximation register

Figure 10-13 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 10-13. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR

10°23———— 17— 71— 71— 7"""""""- FFCOH
12— T """ FF80H
1021 | i i i i i R i | | | } FF40H

A/D conversion result : 1 : : : : : : : : : : : :
3! i i i i i i | | | ' 00COH
2— — — T T—T—"—T--""---- 0080H
11—t 1-""""--- 0040H
[ —— 0000H

1 1 3 2 5 3 2043 1022 2045 1023 2047 1

2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048

Input voltage/AVrero
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10.4.3 A/D converter operation mode
The operation mode of the A/D converter is the select mode. One channel of analog input is selected from ANIO to
ANI7 by the analog input channel specification register (ADS) and A/D conversion is executed.

(1) A/D conversion operation
By setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 1, the A/D conversion operation of the
voltage, which is applied to the analog input pin specified by the analog input channel specification register
(ADS), is started.
When A/D conversion has been completed, the result of the A/D conversion is stored in the A/D conversion result
register (ADCR), and an interrupt request signal (INTAD) is generated. When one A/D conversion has been
completed, the next A/D conversion operation is immediately started.
If ADS is rewritten during A/D conversion, the A/D conversion operation under execution is stopped and restarted
from the beginning.
If 0 is written to ADCS during A/D conversion, A/D conversion is immediately stopped. At this time, the
conversion result immediately before is retained.

Figure 10-14. A/D Conversion Operation

Rewriting ADM
ADCS =1 Rewriting ADS ADCS =0
A/D conversion ANIn ANIn ANIn ANIm ANIm
[ —
Conversion is stopped Stopped
Conversion result immediately ~ Conversion result
before is retained immediately before
1 1 1 is retained
ADCR, ANIn ANIn ANIm
ADCRH
INTAD —| —| —|

Remarks 1. n=0to7
2. m=0to7
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328

The setting methods are described below.

<1>
<2>

<3>

<4>

<5>

<6>
<7>

<8>

Set bit 5 (ADCEN) of peripheral enable register 0 (PERO) to 1.

Set bit 0 (ADCE) of the A/D converter mode register (ADM) to 1.

Set the channel to be used in the analog input mode by using bits 4 to 0 (ADPC4 to ADPCO) of the A/D
port configuration register (ADPC) and bits 7 to 0 (PM27 to PM20) of port mode register 2 (PM2).

Select conversion time by using bits 5 to 1 (FR2 to FRO, LV1, and LVO) of ADM.

Select a channel to be used by using bits 7 and 2 to 0 (ADISS, ADS2 to ADSO0) of the analog input
channel specification register (ADS).

Set bit 7 (ADCS) of ADM to 1 to start A/D conversion.

When one A/D conversion has been completed, an interrupt request signal (INTAD) is generated.
Transfer the A/D conversion data to the A/D conversion result register (ADCR, ADCRH).

<Change the channel>

<9>

Change the channel using bits 7 and 2 to 0 (ADISS, ADS2 to ADSO0) of ADS to start A/D conversion.

<10> When one A/D conversion has been completed, an interrupt request signal (INTAD) is generated.

<11> Transfer the A/D conversion data to the A/D conversion result register (ADCR, ADCRH).
<Complete A/D conversion>

<12> Clear ADCS to 0.

<13> Clear ADCE to 0.

<14> Clear bit 5 (ADCEN) of peripheral enable register 0 (PERO)

Cautions 1. Make sure the period of <2> to <6> is 1 us or more.

2. <2> may be done between <3> and <5>.

3. The period from <7> to <10> differs from the conversion time set using bits 5 to 1 (FR2 to
FRO, LV1, LVO) of ADM. The period from <9> to <10> is the conversion time set using
FR2 to FRO, LV1, and LVO.
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10.5 Temperature Sensor Function (Expanded-Specification Products (#zPD78F115xA) Only)

A temperature sensor performs A/D conversion for two voltages, an internal reference voltage (sensor 0 on the
ANIO side) that depends on the temperature and an internal reference voltage (sensor 1 on the ANI1 side) that does
not depend on the temperature, and calculations, so that the temperature is obtained without depending on the AVRero

voltage (AVRero > 2.7 V).

Caution The temperature sensor cannot be used when low current consumption mode is set (RMC = 5AH)
or when the internal high-speed oscillator has been stopped (HIOSTOP = 1 (bit 0 of CSC
register)). The temperature sensor can operate as long as the internal high-speed oscillator
operates (HIOSTOP = 0), even if it is not selected as the CPU/peripheral hardware clock source.

10.5.1 Configuration of temperature sensor

The temperature sensor consists of an A/D converter and the following hardware.

e Temperature sensor 0: Outputs the internal reference voltage that depends on the temperature
o Temperature sensor 1: Outputs the internal reference voltage that does not depend on the temperature

Figure 10-15. Temperature Sensor Block Diagram

ANIO/P20
(Analog input for normal @————]

use of A/D converter)

(,)—@ AVrero

ADCS bit ~—

Sample & hold circuit

A/D Voltage comparator

Temperature sensor 0 [——|

ANI1/P21
(Analog input for normal @—]

use of A/D converter)

Selector

Temperature sensor 1|~

|AD\SS‘ ADS3 ‘ ADS2 ‘ ADS1 ‘ ADSO |

Analog input channel
specification register (ADS)

,,,,,,,,,,,,,,,,,,,
Successive

sl

5L

_L‘ 18

‘ AN

. I

AVSSII S
g\—©1 AVss

approximation
register (SAR) [

Controller ||

A/D conversion result
register (ADCR)
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A/D converter mode
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10.5.2 Registers used by temperature sensors
The following four types of registers are used when using a temperature sensor.

¢ Peripheral enable register 0 (PERO)

¢ A/D converter mode register (ADM)

¢ Analog input channel specification register (ADS)
¢ 10-bit A/D conversion result register (ADCR)

Caution Setting of the A/D port configuration register (ADPC), port mode register 2 (PM2) and port
register 2 (P2) is not required when using the temperature sensor. There is no problem if the
pin function is set as digital I/O.

(1) Peripheral enable register 0 (PERO0)

Use the PERQO register in the same manner as during A/D converter basic operation (see 10.3 (1) Peripheral
enable register 0 (PERO0)).

(2) A/D converter mode register (ADM)

Use the ADM register in the same manner as during A/D converter basic operation (see 10.3 (2) A/D
converter mode register (ADM)).

However, selection of the A/D conversion time when a temperature sensor is used varies as shown in Table 11-
5.

Table 10-5. Selection of A/D Conversion Time When Using Temperature Sensor

(1) 27 V<AVRer0 <5.5V

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Clock
FR2 | FR1 | FRO | LV1 | LVO foik = 2 MHz fouk = 8 MHz fork = 20 MHz (fao)
0 0 0 0 1 480/fcik | Setting prohibited | 60.0 us 24.0 us fok/12
0 0 1 0 1 320/fcLk 40.0 us Setting prohibited | fcx/8
0 1 0 0 1 240/fcLk 30.0 us fok/6
0 1 1 0 1 160/fcx Setting prohibited fok/4
1 0 0 0 1 120/fcik | 60.0 us fox/3
1 0 1 0 1 80/fcLk 40.0 us fewk/2
1 1 1 0 1 40/fc Setting prohibited fok
Other than above Setting prohibited
Cautions 1. Set the conversion times so as to satisfy the following condition.

fAD = 0.6 to 1.8 MHz

2. When rewriting FR2 to FRO, LV1, and LVO to other than the same data, stop A/D conversion
(ADCS = 0) beforehand.
3. The above conversion time does not include clock frequency errors. Select conversion time,

taking clock frequency errors into consideration.

Remark fcLk: CPU/peripheral hardware clock frequency
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(3) 10-bit A/D conversion result register (ADCR)
Use the ADCR register in the same manner as during A/D converter basic operation (see 10.3 (3) 10-bit A/D
conversion result register (ADCR)).

Caution When using a temperature sensor, use the result of the second or later A/D conversion for
temperature sensor 0 (ANIO side), and the result of the third or later A/D conversion for
temperature sensor 1 (ANI1 side).

(4) Analog input channel specification register (ADS)
This register specifies the channel from which an analog voltage to be A/D-converted is input, in the same
manner as during A/D converter basic operation. When a temperature sensor is used, however, some settings
differ from those of A/D converter basic operation.
ADS can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10-16. Format of Analog Input Channel Specification Register (ADS) When Using Temperature Sensor

Address: FFF31H  After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0
ADS ADISS 0 0 0 ‘ ADS3 ‘ ADS2 ‘ ADSH ADSO
ADISS ADS3 ADS2 ADSH1 ADSO Analog input Input source
channel
1 0 0 0 0 ANIO Temperature sensor 0 output
1 0 0 0 1 ANN Temperature sensor 1 output
Other than above Setting prohibited

Caution Be sure to clear bits 4 to 6 to “0”.
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10.5.3 Temperature sensor operation

(1) Temperature sensor detection value

When using a temperature sensor, determine as reference temperatures two points of temperature (high and
low) in the temperature range to be used, and measure the result of A/D conversion with temperature sensors
0 and 1 at each reference temperature in advance. Perform the measurement in the same environment as the
one in which the temperature sensor is used in a set.

By using an expression of temperature sensor detection value characteristics, which are obtained from the
values of high and low reference temperatures and the result of A/D conversion with temperature sensors 0
and 1 at an arbitrary temperature, the temperature at that time can be obtained.

Remark The value obtained from the ratio of the results of A/D conversion with a sensor that depends/does
not depend on temperature is called a “temperature sensor detection value”.

e Sensor that depends on temperature
Conversion channel: temperature sensor 0 (ANIO side)
A/D conversion result: ADTO

¢ Sensor that does not depend on temperature
Conversion channel: temperature sensor 1 (ANI1 side)
A/D conversion result: ADT1

. ADTO
e Temperature sensor detection value = KTV = ADT1 < 256

The characteristics (reference value) of the temperature sensor detection value are as follows.

Figure 10-17. Characteristics of Temperature Sensor Detection Value (Reference Value)

Characteristics of temperature sensor detection value
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(2) How to calculate temperature
As shown in Figure 10-17, the temperature sensor detection value makes a characteristics curve that is linear
with respect to the temperature. Therefore, the temperature sensor detection value can be expressed with the
following expressions.

Temperature sensor detection value = Tilt x (Tnow — Tease1) + Offset

(KTVBase2 — KTVBasEe1)

KTVNow = (Toasez — Tonse) x (Tnow — Tease1) + KTVBAsE1
TBasE1: Low reference temperature, Tease2: High reference temperature
TNow: Temperature during sensor operation

KTVease1: Temperature sensor detection value at a low reference temperature
KTVease2: Temperature sensor detection value at a high reference temperature
KTVnow: Temperature sensor detection value during temperature measurement

When ADTOeasei: Result of A/D conversion (sensor 0) at a low reference temperature
ADT1ease1: Result of A/D conversion (sensor 1) at a low reference temperature
ADTOBase2: Result of A/D conversion (sensor 0) at a high reference temperature
ADT1sase2: Result of A/D conversion (sensor 1) at a high reference temperature
ADTOnow:  Result of A/D conversion (sensor 0) during temperature measurement
ADT1now: Result of A/D conversion (sensor 1) during temperature measurement

KTVaase1, KTVease2, and KTVnow are obtained as follows.

ADTOBASE1
KTVBaset = ADT1sase: > 256
ADTOBASE2
KTVBase2 = ADT1eases < 256
ADTONow
KTVNow = ADTinow > 256

Thus, temperature Tnow is obtained by using the following expressions.

T _ (KTVnow — KTVBasket) x (Tease2 — TeAsE1) T
NOW = (KTVBase2 — KTVBAsE1) *+ IBASE!

ADT1Base2 x (ADT18Ase1 x ADTONow — ADTOBAsE1 x ADT1Now) x (TBASE2 — TBASE1)
Tnow = + TBASET
ADT1now x (ADT1Baset x ADTOBAse2 — ADTOBAsE1 x ADT 1BASE2)

Remarks 1. When obtaining a temperature through calculation, it is recommended to determine the
upper and lower end of the temperature range as the reference temperatures for
measurement.

2. In addition to calculation, temperature Tnow can also be obtained by measuring the
temperature sensor detection values at each temperature in advance, preparing them as
table data, and comparing them with the temperature sensor detection value during
temperature measurement. With this method, table data must be created for each interval
of temperatures to be detected.
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10.5.4 Procedures for using temperature sensors

(1) Procedure for using temperature sensors

)

334

<1>

<2>

Perform the following steps in the same environment as the one in which the temperature sensor is used

in a set

e When obtaining a temperature through calculation
Determine as reference temperatures two points of temperature (high and low) in the temperature
range to be used, and measure the result of A/D conversion with temperature sensors 0 and 1 at
the reference temperature in advance, before shipment of the set.

¢ When obtaining a temperature through table reference
Measure the temperature sensor detection values at each temperature in advance, and prepare
them as table data.

Store the above values into the internal flash memory area by means such as writing them via self
programming, or store them into an external memory.

Remark When obtaining the temperature through calculation and the result of A/D conversion by
temperature sensors 0 and 1 at a high and low temperature, it is recommended to determine
the upper and lower end of the temperature range as the reference temperatures for
measurement.

To obtain a temperature, perform A/D conversion for the voltage output from temperature sensors 0 and
1 and calculation by using the expression based on ADTO and ADT1, or calculate the temperature
sensor detection value and compare it with table data prepared in advance.

Procedure for obtaining ADT0 and ADT1 of temperature sensors 0 and 1
(ADTOsAse1, ADT1Base1, ADTOsase2 and ADT1sase2 at reference temperatures, ADTONnow and ADT1now during
temperature measurement)

<Initial setting for A/D conversion>

<1>
<2>

<3>

Set bit 5 (ADCEN) of peripheral enable register 0 (PERO) to 1.
Set bit 0 (ADCE) of the A/D converter mode register (ADM) to 1.
Select the conversion time by using bits 5 to 1 (FR2 to FRO, LV1 and LV0) of ADM.

<Measurement by temperature sensor 0>

<4>
<5>
<6>
<7>

<8>

Set the analog input channel specification register (ADS) to “80H” to select temperature sensor 0.
Set bit 7 (ADCS) of ADM to 1 to start A/D conversion operation.

The first A/D conversion ends and an interrupt request signal (INTAD) occurs.

The second A/D conversion ends and an interrupt request signal (INTAD) occurs.

Read A/D conversion data (ADTO) from the A/D conversion result register (ADCR).

<Measurement by temperature sensor 1>

<9>

Set the analog input channel specification register (ADS) to “81H” to select temperature sensor 1.

<10> The first A/D conversion ends and an interrupt request signal (INTAD) occurs.

<11> The second A/D conversion ends and an interrupt request signal (INTAD) occurs.

<12> The third A/D conversion ends and an interrupt request signal (INTAD) occurs.

<13> Read A/D conversion data (ADT1) from the A/D conversion result register (ADCR).

(The procedure is continued on the next page.)
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<Obtaining temperature Tnow>
<14> Calculate the temperature by using either of the following methods.
e When obtaining a temperature through calculation
During measurement at reference temperatures, write ADTO and ADT1 to the internal flash memory
by means such as self programming. During actual measurement, calculate the current temperature
Tnow by using the following expression, based on ADTO and ADT1 at that time.

ADT1Base2 x (ADT1Base1 x ADTOnow — ADTOBAse1 x ADT 1now) x (TBAse2 — TBASE1)
ITNOwW = + TBASET
ADT1now x (ADT1Baset x ADTOBase2 — ADTOBAsEt x ADT1BASE2)

e When obtaining a temperature through table reference
Measure and calculate the temperature sensor detection values (ADTO/ADT1 x 256) based on ADTO
and ADT1 at each temperature interval. Set the temperature corresponding to that value as table
data, and write it to the internal flash memory by means such as self programming.
During actual measurement, calculate the temperature sensor detection value (ADTO/ADT1 x 256)
based on ADTO and ADT1 at that time, compare it with the value of table data, and obtain the current
temperature Tnow.

<Finishing A/D conversion>

<15> Clear ADCS to 0.

<16> Clear ADCE to 0.

<17> Clear bit 5 (ADCEN) of peripheral enable register 0 (PERO) to 0.

Cautions 1. Make sure the period of <2> to <56> is 1 us or more. If ADCS is set to 1 within 1 gs,
the result of the third and later conversion becomes valid on the sensor 0 side.

2. <2> can be done between <3> and <4>.

3. The period from <7> to <10> differs from the conversion time set using bits 5 to 1
(FR2 to FRO, LV1, LVO) of ADM. The period from <9> to <10> is the conversion time
set using FR2 to FRO, LV1, and LVO.

4. Do not change the AVREFo voltage during <4> to <13>. Although the temperature
sensor detection value does not depend on the AVREFo voltage and thus there is no
problem even if the AVREFo voltage varies at every temperature measurement, it
must be stable during a measurement cycle (from <4> to <13>).
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Figure 10-18. Flowchart of Procedure for Using Temperature Sensor

( STP‘\RT )

ADCEN of PERO register = 1

ADCE of ADM register = 1

ADM « 00XXX011B

ADS « 80H

ADCS of ADM register = 1

INTAD occurred?

INTAD occurred?

Read ADCR register

ADS « 81H

<1> Starts the supply of the

input clock to A/D converter

<2> Starts the operation of
the comparator

<3> Sets conversion time

<4> Select temperature
sensor 0 as input source

<5> Starts A/D conversion
operation

<6>First A/D conversion

<7>Second A/D conversion

<8>Read A/D conversion
result (ADTO)

<9>Select temperature
sensor 1 as input source

INTAD occurred?

INTAD occurred?

INTAD occurred?

Read ADCR register

Obtain the current temperature
(Tnow) by calculation
(see 11.5.3 (2)) or table reference

ADCS =0

Caution Use the result of the second or later A/D conversion for temperature sensor 0 (ANIO side), and

( END )

<10> First A/D conversion

<11>Second A/D conversion

<12> Third A/D conversion

<13> Read A/D conversion
result (ADT1)

<14>

<15> Stops A/D conversion
operation

<16> Stops the operation of
the comparator

<17>Stops the supply of the

input clock to A/D converter

the result of the third or later A/D conversion for temperature sensor 1 (ANI1 side).

Remark Steps <1> to <17> in Figure 10-18 correspond to steps <1> to <17> in 10.5.4 (2) Procedure for

obtaining ADTO0 and ADT1 of temperature sensors 0 and 1.
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10.6 How to Read A/D Converter Characteristics Table

1)

()

©)

(4)

Here, special terms unique to the A/D converter are explained.

Resolution

This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input
voltage per bit of digital output is called 1LSB (Least Significant Bit). The percentage of 1LSB with respect to the
full scale is expressed by %FSR (Full Scale Range).

1LSB is as follows when the resolution is 10 bits.

1LSB = 1/2"° = 1/1024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

Overall error

This shows the maximum error value between the actual measured value and the theoretical value.

Zero-scale error, full-scale error, integral linearity error, and differential linearity errors that are combinations of
these express the overall error.

Note that the quantization error is not included in the overall error in the characteristics table.

Quantization error

When analog values are converted to digital values, a +1/2LSB error naturally occurs. In an A/D converter, an
analog input voltage in a range of +1/2LSB is converted to the same digital code, so a quantization error cannot
be avoided.

Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral
linearity error, and differential linearity error in the characteristics table.

Figure 10-19. Overall Error Figure 10-20. Quantization Error

1eoee. 1 Lo 1
Ideal line
g H
3L Ell -
g Overall ST /—_\
(®)] Ee) |
a _ error §’ 1/2L.SB 1" Quantization error
1 l-1/2LSB
0-----0 N 0...0 .
0 AVrero 0 " AVRreFo

Analog input Analog input

Zero-scale error

This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (1/2LSB) when the digital output changes from 0......000 to 0......001.

If the actual measurement value is greater than the theoretical value, it shows the difference between the actual
measurement value of the analog input voltage and the theoretical value (3/2LSB) when the digital output
changes from 0 010.
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(5)

(6)

(7)

(8)

(9

338

Full-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (Full-scale — 3/2LSB) when the digital output changes from 1...... 110to 1...... 111.

Integral linearity error

This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It
expresses the maximum value of the difference between the actual measurement value and the ideal straight line
when the zero-scale error and full-scale error are 0.

Differential linearity error
While the ideal width of code output is 1LSB, this indicates the difference between the actual measurement value
and the ideal value.

Figure 10-21. Zero-Scale Error Figure 10-22. Full-Scale Error
1]
.:@ Full-scale error
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> e ! 1 1
o 3 ! /: '
s 5 - : :
2 R N Ideal line 1
. N 000 | \ \ |
3 AVREFO 0 AVrero-3  AVmero-2  AVrero-1  AVREeFo
Analog input (LSB) Analog input (LSB)
Figure 10-23. Integral Linearity Error Figure 10-24. Differential Linearity Error
1eeed
1eeeeed
. T Ideal 1LSB width
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[0 T (f 0......0 {
. AVRero 0 . AVRero
Analog input Analog input

Conversion time
This expresses the time from the start of sampling to when the digital output is obtained.
The sampling time is included in the conversion time in the characteristics table.

Sampling time
This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.

. Sampling ___|
time

Conversion time
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10.7 Cautions for A/D Converter

Q)

)

Operating current in STOP mode

Shift to STOP mode after clearing the A/D converter (by clearing bit 7 (ADCS) of the A/D converter mode register
(ADM) to 0). The operating current can be reduced by clearing bit 0 (ADCE) of the A/D converter mode register
(ADM) to O at the same time.

To restart from the standby status, clear bit 0 (ADIF) of interrupt request flag register 1L (IF1L) to 0 and start
operation.

Reducing current when A/D converter is stopped

Be sure that the voltage to be applied to AVrero normally satisfies the conditions stated in Table 10-1.

If bit 7 (ADCS) and bit 0 (ADCE) of the A/D converter mode register (ADM) are set to 0, the current will not be
increased by the A/D converter even if a voltage is applied to AVrero, while the A/D converter is stopped. If a
current flows from the power supply that supplies a voltage to AVRrero to an external circuit of the microcontroller
as shown in Figure 10-25, AVrero = 0 V = AVss can be achieved and the external current can be reduced by
satisfying the following conditions.

Set the following states before setting AVRero =0 V.

e Set ADCS and ADCE of the A/D converter mode register (ADM) to 0.

o Set the port mode registers (PM20 to PM27) of the digital I/O pins to 1 to set to input mode, or set the digital
I/0 pins to low-level output (high-level output disabled) by setting the port mode registers (PM20 to PM27)
and port registers (P20 to P27) to 0 to set to output mode.

o Make sure that no voltage is applied to all any of the analog or digital pins (P20/ANIO to P27/ANI7) (set to O
V).

Do not perform the following operation when AVrero =0 V.
e Do not access the port registers (P20 to P27) or port mode registers (PM20 to PM27) by using instructions

or via DMA transfer.

Figure 10-25. Example of Circuit Where Current Flows to External Circuit

AVRerFo
Current flowing from power
supply supplying voltage to
AVrero to external circuit ANIO to ANI7

When restarting the A/D converter, operate it after the AVRero voltage rises and stabilizes and setting ADCE = 1
(see 10.4.1 Basic operations of A/D converter for the procedure for setting the A/D converter operation).
Access digital ports after the AVRero voltage has risen and stabilized.

Stop the conversion performed by the D/A converter when the AVRrero voltage is rising or falling.
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(3) Input range of ANIO to ANI7
Observe the rated range of the ANIO to ANI7 input voltage. If a voltage of AVrerFo or higher and AVss or lower
(even in the range of absolute maximum ratings) is input to an analog input channel, the converted value of that
channel becomes undefined. In addition, the converted values of the other channels may also be affected.

(4) Conflicting operations

<1> Conflict between A/D conversion result register (ADCR, ADCRH) write and ADCR or ADCRH read by
instruction upon the end of conversion
ADCR or ADCRH read has priority. After the read operation, the new conversion result is written to ADCR
or ADCRH.

<2> Conflict between ADCR or ADCRH write and A/D converter mode register (ADM) write, analog input
channel specification register (ADS), or A/D port configuration register (ADPC) write upon the end of
conversion
ADM, ADS, or ADPC write has priority. ADCR or ADCRH write is not performed, nor is the conversion end
interrupt signal (INTAD) generated.

(5) Noise countermeasures
To maintain the 10-bit resolution, attention must be paid to noise input to the AVrero pin and pins ANIO to ANI7.
<1> Connect a capacitor with a low equivalent resistance and a good frequency response to the power supply.
<2> The higher the output impedance of the analog input source, the greater the influence. To reduce the
noise, connecting external C as shown in Figure 10-26 is recommended.
<3> Do not switch these pins with other pins during conversion.
<4> The accuracy is improved if the HALT mode is set immediately after the start of conversion.

Figure 10-26. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than AVrero or
equal to or lower than AVss may enter, clamp with a diode with a
small Vr value (0.3 V or lower).

Reference

voltage O , AVREFo
input /

ANIO to ANI7

C =100 to 1,000 pF

AVss

7J: Vss

340 User's Manual U17893EJ8VOUD



CHAPTER 10 A/D CONVERTER

(6)

@

@®)

ANIO/P20 to ANI7/P27

<1> The analog input pins (ANIO to ANI7) are also used as input port pins (P20 to P27).
When A/D conversion is performed with any of ANIO to ANI7 selected, do not access P20 to P27 while
conversion is in progress; otherwise the conversion resolution may be degraded. It is recommended to
select pins used as P20 to P27 starting with the ANIO/P20 that is the furthest from AVRrero.

<2> If a digital pulse is applied to the pins adjacent to the pins currently used for A/D conversion, the expected
value of the A/D conversion may not be obtained due to coupling noise. Therefore, do not apply a pulse to
the pins adjacent to the pin undergoing A/D conversion.

Input impedance of ANIO to ANI7 pins

This A/D converter charges a sampling capacitor for sampling during sampling time.

Therefore, only a leakage current flows when sampling is not in progress, and a current that charges the
capacitor flows during sampling. Consequently, the input impedance fluctuates depending on whether sampling
is in progress, and on the other states.

To make sure that sampling is effective, however, it is recommended to keep the output impedance of the analog
input source to within 10 kQ2, and to connect a capacitor of about 100 pF to the ANIO to ANI7 pins (see Figure 10-
26).

AVREro pin input impedance

A series resistor string of several tens of kQ is connected between the AVrero and AVss pins.

Therefore, if the output impedance of the reference voltage source is high, this will result in a series connection to
the series resistor string between the AVRero and AVss pins, resulting in a large reference voltage error.
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(9) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS) is
changed.
Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and ADIF for the
pre-change analog input may be set just before the ADS rewrite. Caution is therefore required since, at this time,
when ADIF is read immediately after the ADS rewrite, ADIF is set despite the fact A/D conversion for the post-
change analog input has not ended.
When A/D conversion is stopped and then resumed, clear ADIF before the A/D conversion operation is resumed.

Figure 10-27. Timing of A/D Conversion End Interrupt Request Generation

ADS rewrite ADS rewrite ADIF is set but ANIm conversion
(start of ANIn conversion) (start of ANIm conversi% has not ended.
A/D conversion ANIn ANIn ANIm ANIm

| ) )

ANIn ANIm >< ANIm

ADCR ANIn

ADIF

Remarks 1. n=0to 7
2. m=0to7

(10) Conversion results just after A/D conversion start
The first A/D conversion value immediately after A/D conversion starts may not fall within the rating range if the
ADCS bit is set to 1 within 1 us after the ADCE bit was set to 1. Take measures such as polling the A/D
conversion end interrupt request (INTAD) and removing the first conversion result.

(11) A/D conversion result register (ADCR, ADCRH) read operation
When a write operation is performed to the A/D converter mode register (ADM), analog input channel
specification register (ADS), and A/D port configuration register (ADPC), the contents of ADCR and ADCRH may
become undefined. Read the conversion result following conversion completion before writing to ADM, ADS, and
ADPC. Using a timing other than the above may cause an incorrect conversion result to be read.
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(12) Internal equivalent circuit
The equivalent circuit of the analog input block is shown below.

Figure 10-28. Internal Equivalent Circuit of ANIn Pin

R1

C1 c2

Table 10-6. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

AVrero R1 c1 c2
40V<Vop<55V 8.1 kQ 8 pF 5 pF
2.7V<Voo<4.0V 31 kQ 8 pF 5 pF
23V<Von<27V 381 kQ 8 pF 5 pF

Remarks 1. The resistance and capacitance values shown in Table 10-6 are not guaranteed values.
2. n=0to7

<R> (13) Starting the A/D converter

Start the A/D converter after the AVrero and AVRrer1 voltages (the reference voltages for the D/A converter)

stabilize.
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11.1 Function of D/A Converter

The D/A converter has a resolution of 8 bits and converts an input digital signal into an analog signal. It is
configured so that output analog signals of two channels (ANOO and ANO1) can be controlled. The D/A converter has
the following features.

O 8-bit resolution x 2 channels

O R-2R ladder method

O Output analog voltage: AVRrer1 x m/256 (AVrer1: Reference voltage for D/A converter, m: Value set to DACSn
register)

O Operation mode: Normal mode/real-time output mode

Remark n=0,1
11.2 Configuration of D/A Converter
The configuration of the D/A converter is shown below.

Figure 11-1. Block Diagram of D/A Converter

8-bit D/A conversion value

Write signal of DACSO register setting register 0 (DACS0)

DAMDO of DAM register {}

INTTMO04 signal ANOO/P110 pin
DACEQO of DAM register ——
AVeeri pin © Selector
AVss pin ©

ANO1/P111 pin

Selector

DACE1 of DAM register ——1

Write signal of DACS1 register

DAMD1 of DAM register {?

INTTMOS signal 8-bit D/A conversion value
setting register 1 (DACS1)

Remarks 1. INTTMO04 and INTTMO5 are timer trigger signals (interrupt signals from timer channels 4 and 5) that
are used in the real-time output mode.
2. Channel 0 and Channel 1 of the D/A converter share the AVRer1 pin.
3. Channel 0 and Channel 1 of the D/A converter share the AVss pin. The AVss pin is also shared with
the D/A converter.
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The D/A converter includes the following hardware.

Table 11-1. Configuration of D/A Converter

Item

Configuration

Control registers

Peripheral enable register 0 (PERO)
D/A converter mode register (DAM)

8-bit D/A conversion value setting registers 0, 1 (DACSO0, DACSH1)

(1) AVREer1 pin

This is the D/A converter reference voltage input pin and the positive power supply pin of P110, P111, and the

D/A converter.

The voltage that can be supplied to AVreri1 varies as follows, depending on whether the P110/ANOO and
P111/ANO1 pins are used as digital I/Os or analog outputs.

Table 11-2. AVrer1 Voltage Applied to P110/ANOO and P111/ANO1 Pins

Analog/Digital

Vop Condition

AVrer1 Voltage

pins not as digital 1/0s

Using at least one pin as an analog output and using all | 1.8 V<Vob <55V

1.8 V < AVrer1 < Voo = EVop

mixed"™*

Pins used as analog outputs and digital I/Os are 27V<Vop<55V

2.7 V < AVger1 < Vob = EVop

1.8V<Vop<27V

AVrer1 has same potential as EVop,
and Voo

Note

not as analog outputs

Using at least one pin as a digital I/O and using all pins | 2.7V <Vop <55V

2.7 V < AVrer1 < Vob = EVop

1.8V<Vop<27V

AVrer1 has same potential as EVop,
and Voo

Note AVRer1 is the reference for the I/O voltage of a port to be used as a digital port.

o High-/low-level input voltage (ViHs/ViLs)
o High-/low-level output voltage (VoHz/VoL2)
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11.3 Registers Used in D/A Converter

The D/A converter uses the following three registers.

¢ Peripheral enable register 0 (PERO)

o D/A converter mode register (DAM)

o 8-bit D/A conversion value setting registers 0, 1 (DACS0, DACS1)
e Port mode register 11 (PM11)

e Portregister 11 (P11)

(1) Peripheral enable register 0 (PERO0)
PERO is used to enable or disable use of each peripheral hardware macro. Clock supply to a hardware macro
that is not used is stopped in order to reduce the power consumption and noise.
When the D/A converter is used, be sure to set bit 6 (DACEN) of this register to 1.
PERO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 11-2. Format of Peripheral Enable Register 0 (PERO0)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> 1 <0>
PERO RTCEN DACEN ADCEN IICOEN SAU1EN SAUOEN 0 TAUOEN
DACEN Control of D/A converter input clock
0 Stops supply of input clock.

o SFR used by the D/A converter cannot be written.
e The D/A converter is in the reset status.

1 Supplies input clock.
e SFR used by the D/A converter can be read/written.

Cautions 1. When setting the D/A converter, be sure to set DACEN to 1 first. If DACEN = 0, writing to a
control register of the D/A converter is ignored, and, even if the register is read, only the
default value is read (except for port mode register 11 (PM11) and port register 11 (P11)).

2. Be sure to clear bit 1 of PERO register to 0.
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(2) D/A converter mode register (DAM)
This register controls the operation of the D/A converter.
DAM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 11-3. Format of D/A Converter Mode Register (DAM)

Address: FFF32H  After reset: 0OH R/W

Symbol 7 6 <5> <4> 3 2 1 0
DAM 0 0 DACEH1 DACEO 0 0 DAMDA1 DAMDO
DACEN Control of D/A conversion operation (n =0, 1)
0 Stops conversion operation
1 Enables conversion operation
DAMDnN Selection of D/A converter operation mode (n =0, 1)
0 Normal mode
1 Real-time output mode

(3) 8-bit D/A conversion value setting registers 0 and 1 (DACSO0, DACS1)
These registers are used to set an analog voltage value to be output to the ANOO and ANO1 pins.
DACSO0 and DACS1 can be read by an 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Figure 11-4. Format of 8-Bit D/A Conversion Value Setting Registers 0 and 1 (DACS0, DACS1)

Address: FFF1CH, FFF1DH  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0

DACSn DACSn7 DACSn6 DACSNn5 DACSn4 DACSNn3 DACSn2 ‘ DACSnN1 | DACSNn0 |

Remark n=0,1
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(4) Port mode register 11 (PM11)
This register sets the input or output of port 11 in 1-bit units.
When using the P110/ANOO and P111/ANO1 pins as the analog output function of the D/A converter, set both
PM110 and PM111 to 1. The output latches of P110 and P111 at this time may be 0 or 1.
PM11 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 11-5. Format of Port Mode Register 11 (PM11)

Address: FFF2BH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM11 1 1 1 1 1 1 PM111 PM110
PM11n P11n pin I/0 mode selection (n =0, 1)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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11.4 Operation of D/A Converter

11.4.1 Operation in normal mode
D/A conversion is performed using write operation to the DACSn register as the trigger. The setting method is

described below.

<1>

<2>

<3>

<4>

Set the DAMDn bit of the DAM register to 0 (normal mode).

Set the analog voltage value to be output to the ANOn pin to the DACSn register.

Steps <1> and <2> above constitute the initial settings.

Set the DACER bit of the DAM register to 1 (D/A conversion enable).

D/A conversion starts and the analog voltage set in <2> is output to the ANOn pin when this setting is
performed.

The output level, however, is determined when the settling time elapses after D/A conversion starts.

To perform subsequent D/A conversions, write to the DACSn register.

D/A conversion starts and an analog voltage is output to the ANOn pin when one fcik clock elapses after the
write operation. The output level, however, is determined when the settling time elapses after D/A conversion
starts.

The previous D/A conversion result is held until the next D/A conversion is performed.

When the DACER bit of the DAM register is set to 0 (D/A conversion operation stop), analog voltage output is
stopped, and the P110/ANOO and P111/ANO1 pins can be used in port mode. At this time, the P110/ANOO
and P111/ANO1 pins are at high impedance because the PM11n bit of the PM11 register is 1 (input mode).
The set value of the P11 register is output by setting the PM11n bit to O (output mode).

Caution Make the interval for writing DACSn of the same channel by one clock longer than fcik. If writing

is successively performed, only the value written last will be converted.

Remarks 1. n=0, 1

2. fck: CPU/peripheral hardware clock
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11.4.2
D/A
timer c
The

<1>
<2>
<3>
<4>

<5>

<6>

D/A
pin, bu

Operation in real-time output mode

conversion is performed using the interrupt request signals (INTTM04 and INTTMO5) of timer channel 4 and
hannel 5 as triggers.

setting method is described below.

Set the DAMDn bit of the DAM register to 1 (real-time output mode).

Set the analog voltage value to be output to the ANOn pin to the DACSn register.

Set the DACERN bit of the DAM register to 1 (D/A conversion enable).

Steps <1> to <3> above constitute the initial settings.

Operate timer channel 4 and timer channel 5.

D/A conversion starts and the analog voltage set in <2> is output to the ANOn pin when the INTTM04 and
INTTMOS5 signals are generated.

The output level, however, is determined when the settling time elapses after D/A conversion starts.

After that, the value set in the DACSn register is output every time the INTTM04 and INTTMO5 signals are
generated.

Set the analog voltage value to be output to the ANOn pin to the DACSn register before the next D/A
conversion is started (INTTMO04 and INTTMO5 signals are generated).

When the DACEn bit of the DAM register is set to 0 (D/A conversion operation stop), analog voltage output is
stopped, and the P110/ANOO and P111/ANO1 pins can be used in port mode. At this time, the P110/ANOO
and P111/ANO1 pins are at high impedance because the PM11n bit of the PM11 register is 1 (input mode).
The set value of the P11 register is output by setting the PM11n bit to O (output mode).

conversion starts by setting the DACERn bit, as described in <3>, and an analog voltage is output to the ANOn
t the output value of the ANOn pin up to <5> is undefined. An arbitrary value, however, can be output in <3> by

performing the following settings before performing the setting in <1>.

Set the DAMDn bit of the DAM register to 0 (normal mode).

Set the voltage value output from the ANOR pin in <3> to the DACSn register.

Afterward, perform <1> to <3>.

Consequently, the value set in ii can be output in <3>. The output level, however, is determined when the
settling time elapses after D/A conversion starts.

Cautions 1. Make the interval for generating a start trigger to the same channel by one clock longer than

fck. If a start trigger is successively generated for every fcik, D/A conversion will be
performed only at the first trigger.
2. Note the following points in the procedure (i to iii) for outputting an arbitrary value in <3>.
e Do not generate the start trigger of the real-time output mode before enabling D/A
conversion operation in <3> after the value is set to the DACSn register in ii.
o An arbitrary value cannot be output in <3> if the DACEN bit of the PERO register is cleared
once after the value is set to the DACSn register in ii.

Remarks 1. For the output values of the ANOO and ANO1 pins in the HALT and STOP modes, see CHAPTER 18

350

STANDBY FUNCTION.
2. n=0,1
3. fck: CPU/peripheral hardware clock
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11.4.3 Cautions

M

)

@)

(4)

(6)

7)

(8)

9)

Observe the following cautions when using the D/A converter of the 78 KOR/KF3.

The digital port I/O function, which is the alternate function of the ANOO and ANO1 pins, does not operate during
D/A conversion.
During D/A conversion, 0 is read from the P11 register in input mode.

Do not read/write the P11 register and do not change the setting of the PM11 register during D/A conversion
(otherwise the conversion accuracy may decrease).

It is recommended that both the ANOO and ANO1 pins be used as analog output pins or digital I/O pins, that is,
use these two channels for the same application (if these pins are used for the different applications, the
conversion accuracy may decrease).

In the real-time output mode, set the DACSn register value before the timer trigger is generated. In addition, do
not change the set value of the DACSn register while the trigger signal is output.

Before changing the operation mode, be sure to clear the DACEnN bit of the DAM register to 0 (D/A conversion
stop).

When using the port that functions alternately as the ANOO or ANO1 pin, use it as the port input with few level
changes.

Stop the conversion performed by the D/A converter when supplying AVrer1 or AVRero (the reference voltages for
the A/D converter) starts or stops.

Because the D/A converter stops operation in the STOP mode, the ANOO and ANO1 pins go into a high-
impedance state, and the power consumption can be reduced.

In the standby modes other than the STOP mode, however, the operation continues. To lower the power
consumption, therefore, clear the DACER bit of the DAM register to 0 (D/A conversion stop).

Since the output impedance of the D/A converter is high, the current cannot be obtained from the ANOn pin (n =
0, 1). When the input impedance of the load is low, insert a follower amplifier between the load and ANOn pin
keeping the wiring length as short as possible (for high impedance). If the wiring becomes too long, take
necessary actions such as surrounding with a ground pattern.
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The serial array unit has four serial channels per unit and can use two or more of various serial interfaces (3-wire
serial (CSI), UART, and simplified IZC) in combination.

Function assignment of each channel supported by the 78KOR/KF3 is as shown below (channels 2 and 3 of unit 1
are dedicated to UART3 (supporting LIN-bus)).

Unit Channel Used as CSI Used as UART Used as Simplified ’c
0 0 CSI00 UARTO -
1 Cslo1 -
2 CSI10 UART1 IIC10
3 - -
1 0 CSI20 UART2 llc20
1 _ _
2 - UARTS3 (supporting LIN-bus) -
3 - _

(Example of combination) When “UARTO” is used for channels 0 and 1 of unit 0, CSI00 and CSI01 cannot be used,
but CSI10, UART1, or IIC10 can be used.

12.1 Functions of Serial Array Unit
Each serial interface supported by the 78KOR/KF3 has the following features.

12.1.1 3-wire serial I/0 (CSI00, CSI01, CSI10, CSI20)
This is a clocked communication function that uses three lines: serial clock (SCK) and serial data (Sl and SO) lines.

[Data transmission/reception]

¢ Data length of 7 or 8 bits

¢ Phase control of transmit/receive data

e MSB/LSB first selectable

o Level setting of transmit/receive data
[Clock control]

¢ Master/slave selection

¢ Phase control of I/O clock

o Setting of transfer period by prescaler and internal counter of each channel
[Interrupt function]

e Transfer end interrupt/buffer empty interrupt
[Error detection flag]

e Qverrun error
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12.1.2 UART (UARTO, UART1, UART2, UART3)

This is a start-stop synchronization function using two lines: serial data transmission (TxD) and serial data
reception (RxD) lines. It transmits or receives data in asynchronization with the party of communication (by using an
internal baud rate). Full-duplex UART communication can be realized by using two channels, one dedicated to
transmission (even channel) and the other to reception (odd channel).

[Data transmission/reception]

e Data length of 5, 7, or 8 bits

¢ Select the MSB/LSB first

¢ Level setting of transmit/receive data and select of reverse

o Parity bit appending and parity check functions

¢ Stop bit appending
[Interrupt function]

¢ Transfer end interrupt/buffer empty interrupt

o Error interrupt in case of framing error, parity error, or overrun error
[Error detection flag]

e Framing error, parity error, or overrun error

The LIN-bus is accepted in UART3 (2 and 3 channels of unit 1)
[LIN-bus functions]

e Wakeup signal detection

¢ Sync break field (SBF) detection

¢ Sync field measurement, baud rate calculation

External interrupt (INTPO) or timer array unit (TAU) is
used.
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12.1.3 Simplified I°C (1IC10, 1IC20)

This is a clocked communication function to communicate with two or more devices by using two lines: serial clock
(SCL) and serial data (SDA). This simplified I°C is designed for single communication with a device such as EEPROM,
flash memory, or A/D converter, and therefore, it functions only as a master and does not have a function to detect
wait states.

Make sure by using software, as well as operating the control registers, that the AC specifications of the start and
stop conditions are observed.

[Data transmission/reception]

e Master transmission, master reception (only master function with a single master)

Note

e ACK output function™* and ACK detection function
¢ Data length of 8 bits (When an address is transmitted, the address is specified by the higher 7 bits, and the
least significant bit is used for R/W control.)
e Manual generation of start condition and stop condition
[Interrupt function]
e Transfer end interrupt
[Error detection flag]

o Parity error (ACK error)

* [Functions not supported by simplified I°C]
¢ Slave transmission, slave reception
¢ Arbitration loss detection function
¢ Wait detection functions

Note An ACK is not output when the last data is being received by writing 0 to the SOEmn (SOEm register)
bit and stopping the output of serial communication data. See 12.7.3 (2) Processing flow for details.

Remarks 1. To use the full-function I°C bus, see CHAPTER 13 SERIAL INTERFACE IICO.
2. m: Unit number (m = 0, 1), n: Channel number (n = 0, 2)
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12.2 Configuration of Serial Array Unit

Serial array unit includes the following hardware.

Table 12-1. Configuration of Serial Array Unit

ltem

Configuration

Shift register

8 bits

Buffer register

Lower 8 bits of serial data register mn (SDRmn)"*

Serial clock 1/0

SCKO00, SCK01, SCK10, SCK20 pins (for 3-wire serial 1/0), SCL10, SCL20 pins (for simplified
’c)

Serial data input

SI00, SI01, SI10, SI20 pins (for 3-wire serial I/0), RxD0, RxD1, RxD2 pins (for UART),
RxD3 pin (for UART supporting LIN-bus)

Serial data output

S0O00, SO01, SO10, SO20 pins (for 3-wire serial I/0), TxDO, TxD1, TxD2 pins (for UART),
TxD3 pin (for UART supporting LIN-bus), output controller

Serial data 1/0

SDA10, SDA20 pins (for simplified IZC)

Control registers

<Registers of unit setting block>

o Peripheral enable register 0 (PERO)

o Serial clock select register m (SPSm)

o Serial channel enable status register m (SEm)
o Serial channel start register m (SSm)

o Serial channel stop register m (STm)

o Serial output enable register m (SOEm)
» Serial output register m (SOm)

o Serial output level register m (SOLm)

e Input switch control register (ISC)

» Noise filter enable register 0 (NFENO)

<Registers of each channel>

 Serial data register mn (SDRmn)

o Serial mode register mn (SMRmn)

« Serial communication operation setting register mn (SCRmn)
e Serial status register mn (SSRmn)

« Serial flag clear trigger register mn (SIRmn)

o Port input mode registers 0, 4, 14 (PIMO, PIM4, PIM14)

o Port output mode registers 0, 4, 14 (POMO, POM4, POM14)
* Port mode registers 0, 1, 4, 14 (PMO, PM1, PM4, PM14)

» Port registers 0, 1, 4, 14 (PO, P1, P4, P14)

Note The lower 8 bits of the serial data register mn (SDRmn) can be read or written as the following SFR,
depending on the communication mode.
e CSIp communication ... SIOp (CSlp data register)

e UARTQq reception ... RXDq (UARTq receive data register)
¢ UART(q transmission ... TXDq (UART(q transmit data register)
e |ICr communication ... SIOr (lICr data register)

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 3),
p: CSI number (p = 00, 01, 10, 20), g: UART number (q = 0 to 3), r: [IC number (r = 10, 20)
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Figure 12-1 shows the block diagram of serial array unit 0.

Figure 12-1. Block Diagram of Serial Array Unit 0

Noise filter enable

Serial output register 0 (SO0) register 0 (NFENO)

5002 |SNFEN‘SNFEN|

[ ‘ 0 ‘ 0 ‘ 0 | 1 ‘CKOOZ‘CKOM‘CKOOO‘ 0 ‘ 0 ‘ 0 ‘ [ SOO1‘SOOO| 10 00

Peripheral enable

register 0 (PERO) Serial clock select register 0 (SPS0) Serial channel enable
SE03 | SE02 | SEO1 | SE0O status register 0 (SEO)
SAUOEN PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
013 | 012 | 011 010 | 003 | 002 | 001 000 Serial channel start
I I T I 503 | SS02 | $S01 | SS00 | register 0 (S50)
4 Serial channel stop
ST03 STo1 register 0 (STO)
OEQ: Serial output enable
fouk _>| Prescaler register 0 (SOEOQ)
fo/2° to fou/2!! foud2® to n- Serial output level
" .
INTTMO2 foww/2' register 0 (SOLO)
Iy
4" Selector | | Selector |<7
/ Serial data register 00 (SDR00)
Channel 0 T
CKo1 Ckoo | (Clock division setting block) i (Buffer register block) | Ou((p;'lletch
{} 4 Serial data output pin
S [mck —»© (when CSI00: SO00/
8 5 P12/TxD0)
3 8 = TOLK (when UARTO: TXDO/
o % < p—> Shift register P12/S000)
Serial clock I/ pin Edge ScK @ <
(when CSI100: SCK00 detection 8
/P10) [eetecton] o
Communication controller Interrupt Serial transfer end interrupt
unicati controller (when CSI00: INTCSI00)
N (when UARTO: INTSTO)
Mode selection Serial flag clear trigger
CSI00 or UARTO register 00 (SIR00)
(for transmission)
|
Serial data input pin
(when CSI00: S100/ ©—{—{elmhnaten Edgellevel T —
P11/RxD0) | Ldsabled etection 83
(when UARTO: RxDO/ g3
P11/5100) L1 €
SNFENO0O |CKSOO CCSOO‘STSOO MDOO2‘MD001| £ Error controller
S
Serial mode register 00 (SMR00) ©
Error
[ "
Y_l_‘ | ‘ [ T T T T I I
TXE | RXE | DAP | CKP | EOC | PTC | PTC | DIR SLC | SLC | DLS | DLS | DLS TSF | BFF | FEF | PEF | OVF
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when CSI01: SO01/P45,
Channel 1 Communication controller ¢ )

Serial clock I/0 pin
(when CSI01: SCK01/P43)

Serial transfer end interrupt
(when CSI01: INTCSI01)

Serial data input pin ©
(when CSI01: SI01/P44)

Mode selection
CSI01 or UARTO
(for reception)

(when UARTO: INTSR0)

Error controller Serial transfer error interrupt

(INTSREO)

Serial clock I/Q pin

Serial data output pin

CKo1 ‘ lCKOD

(when CSI10: SCK10/
P04/SCL10)

(when 1IC10: SCL10/ @
P04/SCK10)

Serial data input pin

Channel 2

Noise

(when CSI10: SO10/
PO2/TxD1)

(when 1IC10: SDA10
P03/SI10/RxD1)

(when UART1: TXD1/
P02/S010)

Communication controller

Mode selection

(when CSI10: SI10/ elimination CSlI100r liIC10 Serial transfer end interrupt
P03/RxD1/SDA10) disabled or UART1 (when CSI10: INTCSI10)
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Channel 3 Communication controller
Serial transfer end interrupt
When UART1 Mode selection (when UART1: INTSR1)
UART1
(for reception) Error controller Serial transfer error interrupt

(INTSRE1)
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Figure 12-2 shows the block diagram of serial array unit 1.

Figure 12-2. Block Diagram of Serial Array Unit 1

Noise filter enable

Serial output register 1 (SO1) register 0 (NFENO)
o | oo 0 1 1 1 Jckoto 0 | O | 0o | o 1 |sot2| 1 |soto |5NFEN ‘SNFEN
30 20
Peripheral enable Serial channel enable
register 0 (PERO) Serial clock select register 1 (SPS1) SE13 et ol
SAU1EN PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
113 112 111 110 103 102 101 100 Serial channel start
T T T T T T T T SS13 | SS12 | SS11 | SS10 register 1 (SS1)
} 4{ Serial channel stop
ST13 | 8T12 | ST11 | ST10 | register 1 (ST1)
Serial output enable
fork —>| Prescaler register 1 (SOE1)
fow/2° to fou/2' fou/2° to n Serial output level
fou/2 register 1 (SOL1)
INTTMo3 o
v S ¥
4" Selector | | Selector |<7
/ Serial data register 10 (SDR10)
Channel 0 7
CK11 CcK10 | (Clock division setting block) |~ (Buffer register block) | ot
% MCK . —»© Serial data on.Jtput pin
kil P (when CSI20: SO20/
3 5 2 oLk P144/TxD2)
S £ " . (when 11C20: SDA20/
o i
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Serial clock I/O pin Edge SCK ™ controller (when UART2: TxD2/
(when CSI20: SCK20/ detection o P144/S020)
P142/SCL20) ©
(when 11C20: SCL20/
P1421SCK20) Communication controller Intetmflpt Serial transfer end interrupt
controller (when CSI20: INTCSI20)
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Channel 1 Communication controller
Serial transfer end interrupt
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RT2
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When UART2
Serial transfer error interrupt
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(when UART3: RxD3/P14)
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UART3
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Shift register

This is an 8-bit register that converts parallel data into serial data or vice versa.

During reception, it converts data input to the serial pin into parallel data.

When data is transmitted, the value set to this register is output as serial data from the serial output pin.
The shift register cannot be directly manipulated by program.

To read or write the shift register, use the lower 8 bits of serial data register mn (SDRmn).

Shift register | ‘ ‘ ‘ ‘ | ‘ ‘ |

Lower 8 bits of the serial data register mn (SDRmn)

SDRmn is the transmit/receive data register (16 bits) of channel n. Bits 7 to 0 function as a transmit/receive
buffer register, and bits 15 to 9 are used as a register that sets the division ratio of the operation clock (MCK).
When data is received, parallel data converted by the shift register is stored in the lower 8 bits. When data is
to be transmitted, set transmit to be transferred to the shift register to the lower 8 bits.

The data stored in the lower 8 bits of this register is as follows, depending on the setting of bits 0 to 2
(DLSmnO to DLSmMn2) of the SCRmn register, regardless of the output sequence of the data.

¢ 5-bit data length (stored in bits 0 to 4 of SDRmn register) (settable in UART mode only)

e 7-bit data length (stored in bits 0 to 6 of SDRmn register)

¢ 8-bit data length (stored in bits 0 to 7 of SDRmn register)

SDRmn can be read or written in 16-bit units.

Note

The lower 8 bits of SDRmn of SDRmn can be read or written™* as the following SFR, depending on the
communication mode.

¢ CSlp communication ... SIOp (CSlIp data register)

o UARTq reception ... RXDq (UARTq receive data register) Note Writing in 8-bit units is prohibited
e UARTq transmission ... TXDq (UARTq transmit data register) when the operation is stopped
e |ICr communication ... SIOr (lICr data register) (SEmn = 0).

Reset signal generation clears this register to 0000H.
Remarks 1. After data is received, “0” is stored in bits 0 to 7 in bit portions that exceed the data length.

2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
p: CSI number (p = 00, 01, 10, 20), g: UART number (q = 0 to 3), r: [IC number (r = 10, 20)
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Figure 12-3. Format of Serial Data Register mn (SDRmn)

Address: FFF10H, FFF11H (SDR00), FFF12H, FFF13H (SDR01),  After reset: 0000H R/W

FFF44H, FFF45H (SDR02), FFF46H, FFF47H (SDR03),
FFF48H, FFF49H (SDR10), FFF4AH, FFF4BH (SDR11),
FFF14H, FFF15H (SDR12), FFF16H, FFF17H (SDR13)

FFF11H (SDR00) FFF10H (SDR00)

15 14 13 12 11 10 9 8\/7 6 5 4 3
[ o | |

SDRmn | |

(m=0,1;n=0t0 3) @

Shift register |

Caution Be sure to clear bit 8 to “0”.

Remarks 1. For the function of the higher 7 bits of SDRmn, see 12.3 Registers Controlling Serial Array

Unit.
2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
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12.3 Registers Controlling Serial Array Unit
Serial array unit is controlled by the following registers.

e Peripheral enable register 0 (PERO)

o Serial clock select register m (SPSm)

¢ Serial mode register mn (SMRmn)

¢ Serial communication operation setting register mn (SCRmn)
e Serial data register mn (SDRmn)

e Serial status register mn (SSRmn)

o Serial flag clear trigger register mn (SIRmn)

e Serial channel enable status register m (SEm)

e Serial channel start register m (SSm)

¢ Serial channel stop register m (STm)

e Serial output enable register m (SOEm)

e Serial output level register m (SOLm)

e Serial output register m (SOm)

e Input switch control register (ISC)

¢ Noise filter enable register 0 (NFENO)

e Port input mode registers 0, 4, 14 (PIMO, PIM4, PIM14)

e Port output mode registers 0, 4, 14 (POMO, POM4, POM14)
e Port mode registers 0, 1, 4, 14 (PMO, PM1, PM4, PM14)

o Port registers 0, 1, 4, 14 (PO, P1, P4, P14)

Remark m: Unit number (m=0, 1)
n: Channel number (n =0 to 3)
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(1) Peripheral enable register 0 (PERO)

PERO is used to enable or disable use of each peripheral hardware macro. Clock supply to a hardware macro
that is not used is stopped in order to reduce the power consumption and noise.

When serial array unit 0 is used, be sure to set bit 2 (SAUOEN) of this register to 1.

When serial array unit 1 is used, be sure to set bit 3 (SAU1EN) of this register to 1.

PERO can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 12-4. Format of Peripheral Enable Register 0 (PERO0)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> 1 <0>
PERO RTCEN DACEN ADCEN IICOEN SAU1EN SAUOEN 0 TAUOEN
SAUmMEN Control of serial array unit m input clock
0 Stops supply of input clock.

)

o SFR used by serial array unit m cannot be written.
e Serial array unit m is in the reset status.

1 Supplies input clock.
o SFR used by serial array unit m can be read/written.

Cautions 1. When setting serial array unit m, be sure to set SAUmEN to 1 first. If SAUmEN = 0, writing
to a control register of serial array unit m is ignored, and, even if the register is read, only
the default value is read (except for input switch control register (ISC), noise filter enable
register (NFENO), port input mode registers (PIMO, PIM4, PIM14), port output mode
registers (POMO, POM4, POM14), port mode registers (PM0, PM1, PM4, PM14), and port
registers (PO, P1, P4, P14)).

2. After setting the PERO register to 1, be sure to set the SPSm register after 4 or more
clocks have elapsed.
3. Be sure to clear bit 1 of PERO register to 0.

Remark m: Unit number (m =0, 1)

Serial clock select register m (SPSm)

SPSm is a 16-bit register that is used to select two types of operation clocks (CKmO, CKm1) that are
commonly supplied to each channel. CKm1 is selected by bits 7 to 4 of SPSm, and CKmO is selected by bits 3
to 0.

Rewriting SPSm is prohibited when the register is in operation (when SEmn = 1).

SPSm can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of SPSm can be set with an 8-bit memory manipulation instruction with SPSmL.

Reset signal generation clears this register to 0000H.

Users Manual U17893EJ8VOUD 361



CHAPTER 12 SERIAL ARRAY UNIT

Figure 12-5. Format of Serial Clock Select Register m (SPSm)

Address: FO126H, FO127H (SPS0), FO166H, FO167H (SPS1)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPSm 0 0 0 0 0 0 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
m13 | m12 | m11 | m10 | m0O3 | m02 | mO1 | mOO
PRS | PRS | PRS | PRS Section of operation clock (CKmp) "'
mp3 | mp2 | mp1 | mp0 fok=2MHz | fok=5MHz | fok=10MHz | fek=20 MHz
0 0 0 0 |fox 2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 ferk/2 1 MHz 2.5 MHz 5 MHz 10 MHz
0 0 1 0 |fo/2? 500 kHz 1.25 MHz 2.5 MHz 5 MHz
0 0 1 1 fok/2° 250 kHz 625 kHz 1.25 MHz 2.5 MHz
0 1 0 0 | fow/2* 125 kHz 313 kHz 625 kHz 1.25 MHz
0 1 0 1 fok/2° 62.5 kHz 156 kHz 313 kHz 625 kHz
0 1 1 0 |fow/2® 31.3 kHz 78.1 kHz 156 kHz 313 kHz
0 1 1 1 fok/2” 15.6 kHz 39.1 kHz 78.1 kHz 156 kHz
1 0 0 0 |fow/2® 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz
1 0 0 1 fok/2° 3.91 kHz 9.77 kHz 19.5 kHz 39.1 kHz
1 0 1 0 | fo/2® 1.95 kHz 4.88 kHz 9.77 kHz 19.5 kHz
1 0 1 1 fok/2" 977 Hz 2.44 kHz 4.88 kHz 9.77 kHz
1 1 1 1 INTTMO2 if m = 0, INTTMO3 if m = 1"*?
Other than above Setting prohibited

Notes1. When changing the clock selected for fck (by changing the system clock control register (CKC)
value), do so after having stopped (STm = 000FH) the operation of the serial array unit (SAU). When
selecting INTTMO02 and INTTMO3 for the operation clock, also stop the timer array unit (TAU) (TTO =
00FFH).

2. SAU can be operated at a fixed division ratio of the subsystem clock, regardless of the fcLk frequency
(main system clock, subsystem clock), by operating the interval timer for which fsus/4 has been
selected as the count clock (setting TIS02 (if m = 0) or TIS03 (if m = 1) of the TISO register to 1) and
selecting INTTM02 and INTTMO3 by using the SPSm register in channels 2 and 3 of TAU. When
changing fcLk, however, SAU and TAU must be stopped as described in Note 1 above.

Cautions 1. Be sure to clear bits 15 to 8 to “0”.
2. After setting the PERO register to 1, be sure to set the SPSm register after 4 or more
clocks have elapsed.

Remarks 1. fcik: CPU/peripheral hardware clock frequency
fsus: Subsystem clock frequency
2. m: Unit number (m=0,1),p=0, 1
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(3) Serial mode register mn (SMRmn)
SMRmn is a register that sets an operation mode of channel n. It is also used to select an operation clock

(MCK), specify whether the serial clock (SCK) may be input or not, set a start trigger, an operation mode (CSlI,

UART, or I’C), and an interrupt source. This register is also used to invert the level of the receive data only in
the UART mode.
Rewriting SMRmn is prohibited when the register is in operation (when SEmn = 1). However, the MDmnO bit

can be rewritten during operation.
SMRmn can be set by a 16-bit memory manipulation instruction.

Reset signal generation sets this register to 0020H.

Figure 12-6. Format of Serial Mode Register mn (SMRmn) (1/2)

Address: FO110H, FO111H (SMRO00) to FO116H, FO117H (SMRO03),  After reset: 0020H R/W
FO150H, FO151H (SMR10), FO152H, FO153H (SMR11),
FO154H, FO155H (SMR12), FO156H, FO157H (SMR13)

Symbol
SMRmn

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CCS 0 0 0 0 0 STS 0 SIS 1 0 0 MD | MD | MD
mn mn mn mnO mn2 | mn1 | mn0
CKS Selection of operation clock (MCK) of channel n

mn

0 Operation clock CKmO0 set by SPSm register

1 Operation clock CKm1 set by SPSm register

Operation clock MCK is used by the edge detector. In addition, depending on the setting of the CCSmn bit and the
higher 7 bits of the SDRmn register, a transfer clock (TCLK) is generated.

CCSs Selection of transfer clock (TCLK) of channel n
mn

0 Divided operation clock MCK specified by CKSmn bit

1 Clock input from SCK pin (slave transfer in CSI mode)

Transfer clock TCLK is used for the shift register, communication controller, output controller, interrupt controller,
and error controller. When CCSmn = 0, the division ratio of MCK is set by the higher 7 bits of the SDRmn register.

STS Selection of start trigger source
mn

0 Only software trigger is valid (selected for CSI, UART transmission, and simplified I°C).

1 Valid edge of RxD pin (selected for UART reception)

Transfer is started when the above source is satisfied after 1 is set to the SSm register.

Caution Be sure to clear bits 13t0 9, 7, 4, and 3 to “0”. Be sure to set bit 5 to “1”.

Remark m: Unit number (m = 0, 1), n: Channel number (n =0 to 3)
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Figure 12-6. Format of Serial Mode Register mn (SMRmn) (2/2)

Address: FO110H, FO111H (SMRO00) to FO116H, FO117H (SMRO03),  After reset: 0020H R/W
FO150H, FO151H (SMR10), FO152H, FO153H (SMR11),
FO0154H, FO155H (SMR12), FO156H, FO157H (SMR13)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmn CKS | CCs 0 0 0 0 0 STS 0 SIS 1 0 0 MD | MD | MD
mn mn mn mnO mn2 | mn1 | mn0
SIS Controls inversion of level of receive data of channel n in UART mode
mn0

0 Falling edge is detected as the start bit.
The input communication data is captured as is.

1 Rising edge is detected as the start bit.
The input communication data is inverted and captured.

MD | MD Setting of operation mode of channel n
mn2 | mni

0 0 CSI mode

0 1 UART mode

1 0 | Simplified I°C mode

1 1 Setting prohibited

MD Selection of interrupt source of channel n
mnO

0 Transfer end interrupt

1 Buffer empty interrupt
<R> (Occurs when data is transferred from the SDRmn register to the shift register.)

For successive transmission, the next transmit data is written by setting MDmnO to 1 when SDRmn data has run

out.

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3)
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(4) Serial communication operation setting register mn (SCRmn)
SCRmn is a communication operation setting register of channel n. It is used to set a data
transmission/reception mode, phase of data and clock, whether an error signal is to be masked or not, parity
bit, start bit, stop bit, and data length.
Rewriting SCRmn is prohibited when the register is in operation (when SEmn = 1).
SCRmn can be set by a 16-bit memory manipulation instruction.
Reset signal generation sets this register to 0087H.

Figure 12-7. Format of Serial Communication Operation Setting Register mn (SCRmn) (1/3)

Address: FO118H, FO119H (SCR00) to FO11EH, FO11FH (SCR03),  After reset: 0087H R/W
FO158H, FO159H (SCR10), FO15AH, FO15BH (SCR11),
FO15CH, FO15DH (SCR12), FO15EH, FO15FH (SCR13)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn TXE | RXE | DAP | CKP 0 EOC | PTC | PTC | DIR 0 SLC | SLC 0 DLS | DLS | DLS
mn mn mn mn mn | mn1 [ mn0 | mn mn1 | mn0 mn2 | mn1 | mn0
TXE | RXE Setting of operation mode of channel n
mn mn
0 0 Does not start communication.
0 1 Reception only
1 0 Transmission only
1 1 Transmission/reception
DAP | CKP Selection of data and clock phase in CSI mode Type
mn mn
o | o sk LTI LT LI 1
SOp (D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
Slp input timing | | | | | | | |
0o | 1 SCKp S uyre 2
SOp (D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
Slp input timing | | | | | | | |
1] o0 SCKp JEpSpEpEpEpEREpEN 3
SOp (D7 XD6 X D5 X D4 X D3 X D2 X D1 X DO
Slp input timing | | | | | | | |
1 1 SCKp pEpEgEpEgEgEpEy! 4
SOp (D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
Slp input timing | | | | | | | |
Be sure to set DAPmn, CKPmn = 0, 0 in the UART mode and simplified I°C mode.

Caution Be sure to clear bits 3, 6, and 11 to “0”. Be sure to set bit 2 to “1”.

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 20)
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Figure 12-7. Format of Serial Communication Operation Setting Register mn (SCRmn) (2/3)

Address: FO118H, FO119H (SCR00) to FO11EH, FO11FH (SCR03),  After reset: 0087H  R/W
FO158H, FO159H (SCR10), FO15AH, FO15BH (SCR11),
FO15CH, FO15DH (SCR12), FO15EH, FO15FH (SCR13)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn TXE | RXE | DAP | CKP 0 EOC | PTC | PTC | DIR 0 SLC | SLC 0 DLS | DLS | DLS
mn mn mn mn mn | mn1 | mnO | mn mn1 | mnO mn2 | mn1 | mn0
EOC Selection of masking of error interrupt signal (INTSREXx (x = 0 to 3))
mn
0 Masks error interrupt INTSREXx (INTSRx is not masked).
1 Enables generation of error interrupt INTSREX (INTSRx is masked if an error occurs).

Note 1

Set EOCmn = 0 in the CSI mode, simplified I°C mode, and during UART transmission
Set EOCmn = 1 during UART reception.

PTC | PTC Setting of parity bit in UART mode
mn1 | mn0 Transmission Reception
0 0 Does not output the parity bit. Receives without parity

Note 2

0 1 Outputs 0 parity No parity judgment

1 0 Outputs even parity. Judged as even parity.

1 1 Outputs odd parity. Judges as odd parity.

Be sure to set PTCmn1, PTCmn0 = 0, 0 in the CSI mode and simplified I°C mode.

DIR Selection of data transfer sequence in CSI and UART modes
mn

0 Inputs/outputs data with MSB first.

1 Inputs/outputs data with LSB first.

Be sure to clear DIRmn = 0 in the simplified I°C mode.

SLC | SLC Setting of stop bit in UART mode
mn1 | mn0

0 0 No stop bit

0 1 Stop bit length = 1 bit

1 0 Stop bit length = 2 bits

1 1 Setting prohibited

transferred.
Set 1 bit (SLCmn1, SLCmnO = 0, 1) during UART reception and in the simplified I°C mode.
Set no stop bit (SLCmn1, SLCmMnO = 0, 0) in the CSI mode.

When the transfer end interrupt is selected, the interrupt is generated when all stop bits have been completely

Notes 1. When not using CSI01 with EOCO1 = 0, error interrupt INTSREO may be generated.
2. 0is always added regardless of the data contents.

Caution Be sure to clear bits 3, 6, and 11 to “0”. Be sure to set bit 2 to “1”.

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3)
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Figure 12-7. Format of Serial Communication Operation Setting Register mn (SCRmn) (3/3)

Address: FO118H, FO119H (SCR00) to FO11EH, FO11FH (SCR03),  After reset: 0087H  R/W
FO158H, FO159H (SCR10), FO15AH, FO15BH (SCR11),
FO15CH, FO15DH (SCR12), FO15EH, FO15FH (SCR13)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn TXE | RXE | DAP | CKP 0 EOC | PTC | PTC | DIR 0 SLC | SLC 0 DLS | DLS | DLS
mn mn mn mn mn | mn1 | mn0 | mn mni1 | mnO mn2 | mni | mnO
DLS | DLS | DLS Setting of data length in CSI and UART modes
mn2 | mni1 | mnO
1 0 0 5-bit data length (stored in bits 0 to 4 of SDRmn register)
(settable in UART mode only)
1 1 0 7-bit data length (stored in bits 0 to 6 of SDRmn register)
1 1 1 8-bit data length (stored in bits 0 to 7 of SDRmn register)

Other than above | Setting prohibited

Be sure to set DLSmnO = 1 in the simplified I°C mode.

Caution Be sure to clear bits 3, 6, and 11 to “0”. Be sure to set bit 2 to “1”.

Remark m: Unit number (m = 0, 1), n: Channel number (n =0 to 3)

Users Manual U17893EJ8VOUD 367



CHAPTER 12 SERIAL ARRAY UNIT

(5) Higher 7 bits of the serial data register mn (SDRmn)
SDRmn is the transmit/receive data register (16 bits) of channel n. Bits 7 to 0 function as a transmit/receive
buffer register, and bits 15 to 9 are used as a register that sets the division ratio of the operation clock (MCK).
If the CCSmn bit of serial mode register mn (SMRmn) is cleared to 0, the clock set by dividing the operating
clock by the higher 7 bits of SDRmn is used as the transfer clock.
For the function of the lower 8 bits of SDRmn, see 12.2 Configuration of Serial Array Unit.
SDRmn can be read or written in 16-bit units.
However, the higher 7 bits can be written or read only when the operation is stopped (SEmn = 0). During
operation (SEmn = 1), a value is written only to the lower 8 bits of SDRmn. When SDRmn is read during
operation, 0 is always read.
Reset signal generation clears this register to 0000H.

Figure 12-8. Format of Serial Data Register mn (SDRmn)

Address: FFF10H, FFF11H (SDR00), FFF12H, FFF13H (SDRO1),  After reset: 0000H R/W
FFF44H, FFF45H (SDR02), FFF46H, FFF47H (SDR03),
FFF48H, FFF49H (SDR10), FFF4AH, FFF4BH (SDR11),
FFF14H, FFF15H (SDR12), FFF16H, FFF17H (SDR13)

FFF11H (SDR00) FFF10H (SDR00)
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
soren | | [ | [ [ | ol [ [ | [ [ [ [ |
SDRmn[15:9] Transfer clock setting by dividing the operating clock (MCK)
0 0 0 0 0 0 0 MCK/2
0 0 0 0 0 0 1 MCK/4
0 0 0 0 0 1 0 MCK/6
0 0 0 0 0 1 1 MCK/8
1 1 1 1 1 1 0 MCK/254
1 1 1 1 1 1 1 MCK/256

Cautions 1. Be sure to clear bit 8 to “0”.
2. Setting SDRmn[15:9] = (00000008, 0000001B) is prohibited when UART is used.

<R> 3. Setting SDRmn[15:9] = 0000000B is prohibited when simplified FC is used. Set
SDRmn[15:9] to 0000001B or greater.
<R> 4. Do not write eight bits to the lower eight bits if operation is stopped (SEmn = 0). (If these

bits are written to, the higher seven bits are cleared to 0.)
Remarks 1. For the function of the lower 8 bits of SDRmn, see 12.2 Configuration of Serial Array Unit.

2. m: Unit number (m=0, 1)
n: Channel number (n =0 to 3)
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(6) Serial status register mn (SSRmn)
SSRmn is a register that indicates the communication status and error occurrence status of channel n. The
errors indicated by this register are a framing error, parity error, and overrun error.
SSRmn can be read by a 16-bit memory manipulation instruction.
The lower 8 bits of SSRmn can be set with an 8-bit memory manipulation instruction with SSRmnL.
Reset signal generation clears this register to 0000H.

Figure 12-9. Format of Serial Status Register mn (SSRmn) (1/2)

Address: FO100H, FO101H (SSR00) to FO106H, FO107H (SSR03),  After reset: 0000H R
FO140H, FO141H (SSR10), FO142H, FO143H (SSR11),
FO144H, FO145H (SSR12), FO146H, FO147H (SSR13)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSRmn 0 0 0 0 0 0 0 0 0 TSF | BFF 0 0 FEF | PEF | OVF
mn mn mn mn mn
TSF Communication status indication flag of channel n
mn
0 Communication is not under execution.
1 Communication is under execution.

Because this flag is an updating flag, it is automatically cleared when the communication operation is completed.
This flag is cleared also when the STmn/SSmn bit is set to 1.

BFF Buffer register status indication flag of channel n
mn

0 | Valid data is not stored in the SDRmn register.

1 Valid data is stored in the SDRmn register.

This is an updating flag. It is automatically cleared when transfer from the SDRmn register to the shift register is
completed. During reception, it is automatically cleared when data has been read from the SDRmn register. This
flag is cleared also when the STmn/SSmn bit is set to 1.

This flag is automatically set if transmit data is written to the SDRmn register when the TXEmn bit of the SCRmn
register = 1 (transmission or reception mode in each communication mode). It is automatically set if receive data is
stored in the SDRmn register when the RXEmn bit of the SCRmn register = 1 (transmission or reception mode in
each communication mode). It is also set in case of a reception error.

If data is written to the SDRmn register when BFFmn = 1, the transmit/receive data stored in the register is
discarded and an overrun error (OVFmn = 1) is detected.

Remark m: Unit number (m = 0, 1), n: Channel number (n =0 to 3)
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Figure 12-9. Format of Serial Status Register mn (SSRmn) (2/2)

Address: FO100H, FO101H (SSR00) to FO106H, FO107H (SSR03),  After reset: 0000H R
FO140H, FO141H (SSR10), FO142H, FO143H (SSR11),
FO0144H, FO145H (SSR12), FO146H, FO147H (SSR13)

Symbol
SSRmn

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 TSF | BFF 0 0 FEF | PEF | OVF
mn mn mn mn mn
FEF Framing error detection flag of channel n
mn
0 No error occurs.

A framing error occurs during UART reception.
<Framing error cause>
A framing error occurs if the stop bit is not detected upon completion of UART reception.

This is a cumulative flag and is not cleared until 1 is written to the FECTmn bit of the SIRmn register.

PEF
mn

Parity error detection flag of channel n

Error does not occur.

A parity error occurs during UART reception or ACK is not detected during I°C transmission.
<Parity error cause>
o A parity error occurs if the parity of transmit data does not match the parity bit on completion of UART
reception.
e ACK is not detected if the ACK signal is not returned from the slave in the timing of ACK reception
during I°C transmission.

This is a cumulative flag and is not cleared until 1 is written to the PECTmn bit of the SIRmn register.

OVF
mn

Overrun error detection flag of channel n

0

No error occurs.

1

An overrun error occurs.
<Causes of overrun error>
* Receive data stored in the SDRmn register is not read and transmit data is written or the next receive
data is written.
o Transmit data is not ready for slave transmission or reception in the CSI mode.

This is a cumulative flag and is not cleared until 1 is written to the OVCTmn bit of the SIRmn register.

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3)
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(7) Serial flag clear trigger register mn (SIRmn)
SIRmn is a trigger register that is used to clear each error flag of channel n.
When each bit (FECTmn, PECTmn, OVCTmn) of this register is set to 1, the corresponding bit (FEFmn,
PEFmn, OVFmn) of serial status register mn is cleared to 0. Because SIRmn is a trigger register, it is cleared
immediately when the corresponding bit of SSRmn is cleared.
SIRmn can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of SIRmn can be set with an 8-bit memory manipulation instruction with SIRmnL.
Reset signal generation clears this register to 0000H.

Figure 12-10. Format of Serial Flag Clear Trigger Register mn (SIRmn)

Address: FO108H, FO109H (SIR00) to FO10EH, FO10FH (SIR03),  After reset: 0000H  R/W
FO0148H, FO149H (SIR10), FO14AH, FO14BH (SIR11),
FO014CH, FO14DH (SIR12), FO14EH, FO14FH (SIR13)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SIRmn 0 0 0 0 0 0 0 0 0 0 0 0 0 FEC | PEC | OVC
Tmn | Tmn | Tmn

FEC Clear trigger of framing error of channel n
Tmn

0 No trigger operation

1 Clears the FEFmn bit of the SSRmn register to 0.

PEC Clear trigger of parity error flag of channel n
Tmn

0 No trigger operation

1 Clears the PEFmn bit of the SSRmn register to 0.

ovC Clear trigger of overrun error flag of channel n
Tmn

0 No trigger operation

1 Clears the OVFmn bit of the SSRmn register to 0.

Caution Be sure to clear bits 15 to 3 to “0”.

Remarks 1. m: Unit number (m =0, 1), n: Channel number (n = 0 to 3)
2. When the SIRmn register is read, 0000H is always read.
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(8) Serial channel enable status register m (SEm)
SEm indicates whether data transmission/reception operation of each channel is enabled or stopped.
When 1 is written a bit of serial channel start register m (SSm), the corresponding bit of this register is set to 1.
When 1 is written a bit of serial channel stop register m (STm), the corresponding bit is cleared to 0.
Channel n that is enabled to operate cannot rewrite by software the value of CKOmn of the serial output
register m (SOm) to be described below, and a value reflected by a communication operation is output from the
serial clock pin.
Channel n that stops operation can set the value of CKOmn of the SOm register by software and output its
value from the serial clock pin. In this way, any waveform, such as that of a start condition/stop condition, can
be created by software.
SEm can be read by a 16-bit memory manipulation instruction.
The lower 8 bits of SEm can be set with an 1-bit or 8-bit memory manipulation instruction with SEmL.
Reset signal generation clears this register to 0000H.

Figure 12-11. Format of Serial Channel Enable Status Register m (SEm)

Address: FO120H, FO121H (SE0), FO160H, FO161H (SE1)  After reset: 0000H R
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SEm 0 0 0 0 0 0 0 0 0 0 0 0 SEm | SEm | SEm | SEm

SEm Indication of operation enable/stop status of channel n

0 Operation stops (stops with the values of the control register and shift register, and the statuses of the serial
clock 1/O pin, serial data output pin, and the FEF, PEF, and OVF error flags retained"*).

1 Operation is enabled.

Note Bits 6 and 5 (TSFmn, BFFmn) of the SSRmn register are cleared.

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 3)
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(9) Serial channel start register m (SSm)
SSm is a trigger register that is used to enable starting communication/count by each channel.
When 1 is written a bit of this register (SSmn), the corresponding bit (SEmn) of serial channel enable status
register m (SEm) is set to 1. Because SSmn is a trigger bit, it is cleared immediately when SEmn = 1.
SSm can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of SSm can be set with an 1-bit or 8-bit memory manipulation instruction with SSmL.
Reset signal generation clears this register to 0000H.

Figure 12-12. Format of Serial Channel Start Register m (SSm)

Address: FO122H, FO123H (SS0), FO162H, FO163H (SS1)  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm 0 0 0 0 0 0 0 0 0 0 0 0 SSm | SSm | SSm | SSm

SSmn Operation start trigger of channel n

0 No trigger operation

1 Sets SEmn to 1 and enters the communication wait status (if a communication operation is already under
execution, the operation is stopped and the start condition is awaited).

Caution Be sure to clear bits 15 to 4 to “0”.

Remarks 1. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3)
2. When the SSm register is read, 0000H is always read.
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(10) Serial channel stop register m (STm)
STm is a trigger register that is used to enable stopping communication/count by each channel.
When 1 is written a bit of this register (STmn), the corresponding bit (SEmn) of serial channel enable status
register m (SEm) is cleared to 0. Because STmn is a trigger bit, it is cleared immediately when SEmn = 0.
STm can set written by a 16-bit memory manipulation instruction.
The lower 8 bits of STm can be set with an 1-bit or 8-bit memory manipulation instruction with STmL.
Reset signal generation clears this register to 0000H.

Figure 12-13. Format of Serial Channel Stop Register m (STm)

Address: FO124H, FO125H (STO), FO164H, FO165H (ST1)  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STm 0 0 0 0 0 0 0 0 0 0 0 0 STm | STm | STm | STm

STm Operation stop trigger of channel n

0 No trigger operation

1 Clears SEmn to 0 and stops the communication operation.
(Stops with the values of the control register and shift register, and the statuses of the serial clock 1/O pin,
serial data output pin, and the FEF, PEF, and OVF error flags retained"*).

Note Bits 6 and 5 (TSFmn, BFFmn) of the SSRmn register are cleared.

Caution Be sure to clear bits 15 to 4 to “0”.

Remarks 1. m: Unit number (m =0, 1), n: Channel number (n =0 to 3)
2. When the STm register is read, 0000H is always read.

374 User's Manual U17893EJ8VOUD



CHAPTER 12 SERIAL ARRAY UNIT

(11) Serial output enable register m (SOEm)

SOEm is a register that is used to enable or stop output of the serial communication operation of each
channel.

Channel n that enables serial output cannot rewrite by software the value of SOmn of the serial output register
m (SOm) to be described below, and a value reflected by a communication operation is output from the serial
data output pin.

For channel n, whose serial output is stopped, the SOmn value of the SOm register can be set by software,
and that value can be output from the serial data output pin. In this way, any waveform of the start condition
and stop condition can be created by software.

SOEm can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of SOEm can be set with an 1-bit or 8-bit memory manipulation instruction with SOEmL.

Reset signal generation clears this register to 0000H.

Figure 12-14. Format of Serial Output Enable Register m (SOEm)

Address: FO12AH, FO12BH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEO0 0 0 0 0 0 0 0 0 0 0 0 0 0 SOE | SOE | SOE
02 01 00

Address: FO16AH, FO16BH  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOE1 0 0 0 0 0 0 0 0 0 0 0 0 0 SOE 0 SOE
12 10
SOE Serial output enable/disable of channel n
mn
0 Stops output by serial communication operation.
1 Enables output by serial communication operation.

Caution Be sure to clear bits 15 to 3 of SOEO0, and bits 1 and 15 to3 of SOE1 to “0”.

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2),
mn = 00 to 02, 10, 12
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(12) Serial output register m (SOm)

SOm is a buffer register for serial output of each channel.

The value of bit n of this register is output from the serial data output pin of channel n.

The value of bit (n + 8) of this register is output from the serial clock output pin of channel n.

SOmn of this register can be rewritten by software only when serial output is disabled (SOEmn = 0). When
serial output is enabled (SOEmn = 1), rewriting by software is ignored, and the value of the register can be
changed only by a serial communication operation.

CKOmn of this register can be rewritten by software only when the channel operation is stopped (SEmn = 0).
While channel operation is enabled (SEmn = 1), rewriting by software is ignored, and the value of CKOmn can
be changed only by a serial communication operation.

To use the P02/SO10/TxD1, P03/SI10/SDA10/RxD1, P04/SCK10/SCL10, P10/SCK00, P12/SO00/TxDO,
P13/TxD3, P43/SCKO1, P45/SO01, P142/SCK20/SCL20, P143/SI20/SDA20/RXD2, or P144/S020/TxD2 pin
as a port function pin, set the corresponding CKOmn and SOmn bits to “1”.

SOm can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to OFOFH.

Figure 12-15. Format of Serial Output Register m (SOm)

Address: FO128H, FO129H  After reset: OFOFH R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SO0 0 0 0 0 1 CKO | CKO | CKO 0 0 0 0 1 SO | SO | SO
02 01 00 02 01 00

Address: FO168H, FO169H  After reset: OFOFH R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SO1 0 0 0 0 1 1 1 CKO 0 0 0 0 1 SO 1 SO
10 12 10
CKO Serial clock output of channel n
mn

376

0 Serial clock output value is “0”.

1 Serial clock output value is “1”.

SO Serial data output of channel n
mn

0 Serial data output value is “0”.

1 Serial data output value is “1”.

Caution Be sure to set bits 11 and 3 of SO0, and bits 11 to 9, 3, and 1 of SO1 to “1”. And be sure to
clear bits 15 to 12 and 7 to 4 of SOm to “0”.

Remark m: Unit number (m =0, 1), n: Channel number (n =0 to 2),
mn = 00 to 02, 10, 12
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(13) Serial output level register m (SOLm)
SOLm is a register that is used to set inversion of the data output level of each channel.

This register can be set only in the UART mode. Be sure to set 0000H in the CSI mode and simplifies I°C

mode.

Inverting channel n by using this register is reflected on pin output only when serial output is enabled (SOEmn

=1). When serial output is disabled (SOEmn = 0), the value of the SOmn bit is output as is.
Rewriting SOLm is prohibited when the register is in operation (when SEmn = 1).

SOLm can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of SOLm can be set with an 8-bit memory manipulation instruction with SOLmL.
Reset signal generation clears this register to 0000H.

Figure 12-16. Format of Serial Output Level Register m (SOLm)

Address: FO134H, FO135H (SOLO), FO174H, FO175H (SOL1)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
SOLm 0 0 0 0 0 0 0 0 0 0 0 0 0 SOL SOL
m2 mO
SOL Selects inversion of the level of the transmit data of channel n in UART mode
mn
0 Communication data is output as is.
1 Communication data is inverted and output.

Caution Be sure to clear bits 15 to 3 and 1 to “0”.

Remark m: Unit number (m =0, 1), n: Channel number (n =0, 2)

User's Manual U17893EJ8VOUD

377



CHAPTER 12 SERIAL ARRAY UNIT

(14) Input switch control register (ISC)
ISC is used to realize a LIN-bus communication operation by UART3 in coordination with an external interrupt
and the timer array unit.
When bit 0 is set to 1, the input signal of the serial data input (RxD3) pin is selected as an external interrupt
(INTPO) that can be used to detect a wakeup signal.
When bit 1 is set to 1, the input signal of the serial data input (RxD3) pin is selected as a timer input, so that
the pulse widths of a sync break field and a sync field can be measured by the timer.
ISC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-17. Format of Input Switch Control Register (ISC)

Address: FFF3CH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 0 0 0 1ISC1 1ISCO
1ISC1 Switching channel 7 input of timer array unit
0 Uses the input signal of the TI07 pin as a timer input (normal operation).
1 Input signal of RxD3 pin is used as timer input
<R> (to measure the pulse widths of the sync break field and sync field).
ISCO Switching external interrupt (INTPO) input
0 Uses the input signal of the INTPO pin as an external interrupt (normal operation).
<R> 1 Uses the input signal of the RxD3 pin as an external interrupt (wakeup signal detection).

Caution Be sure to clear bits 7 to 2 to “0”.
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(15) Noise filter enable register 0 (NFENO)
NFENO is used to set whether the noise filter can be used for the input signal from the serial data input pin to
each channel.
Disable the noise filter of the pin used for CSI or simplified I°C communication, by clearing the corresponding
bit of this register to 0.
Enable the noise filter of the pin used for UART communication, by setting the corresponding bit of this
register to 1.
When the noise filter is enabled, CPU/peripheral operating clock (fc.k) is synchronized with 2-clock match
detection.
NFENO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-18. Format of Noise Filter Enable Register 0 (NFENO)

Address: FOO60H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
NFENO 0 SNFEN30 0 SNFEN20 0 ‘ SNFEN10 ‘ 0 SNFENOO
SNFEN30 Use of noise filter of RxD3/P14 pin
0 Noise filter OFF
1 Noise filter ON

Set SNFEN30 to 1 to use the RxD3 pin.
Clear SNFEN3O to 0 to use the P14 pin.

SNFEN20 Use of noise filter of RxD2/SDA20/S120/P143 pin
0 Noise filter OFF
1 Noise filter ON

Set SNFEN20 to 1 to use the RxD2 pin.
Clear SNFEN20 to 0 to use the SDA20, SI20, and P143 pins.

SNFEN10 Use of noise filter of RxD1/SDA10/SI10/P03 pin
0 Noise filter OFF
1 Noise filter ON

Set SNFEN10 to 1 to use the RxD1 pin.
Clear SNFEN10 to 0 to use the SDA10, SI10, and P03 pins.

SNFENO0O Use of noise filter of RxD0/SI00/P11 pin
0 Noise filter OFF
1 Noise filter ON

Set SNFENOO to 1 to use the RxDO pin.
Clear SNFENOO to O to use the SI00 and P11 pins.

Caution Be sure to clear bits 7, 5, 3, and 1 to “0”.
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(16) Port input mode registers 0, 4, 14 (PIMO, PIM4, PIM14)
These registers set the input buffer of ports 0, 4, and 14 in 1-bit units.

PIMO, PIM4, and PIM14 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Figure 12-19. Format of Port Input Mode Registers 0, 4, and 14 (PIMO, PIM4, PIM14)

Address FOO40H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1
PIMO 0 0 0 PIM04 PIMO3 0 0

Address F0044H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1
PIM4 0 0 0 PIM44 PIM43 0 0

Address FOO4EH  After reset: 0OH R/W
Symbol 7 6 5 4 3 2 1
PIM14 0 0 0 0 PIM143 PIM142 0

PIMmn Pmn pin input buffer selection (m =0, 4, 14; n =2 to 4)
0 Normal input buffer

1 TTL input buffer

(17) Port output mode registers 0, 4, 14 (POMO, POM4, POM14)
These registers set the output mode of ports 0, 4, and 14 in 1-bit units.
POMO, POM4, and POM14 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Figure 12-20. Format of Port Output Mode Registers 0, 4, and 14 (POMO, POM4, POM14)

Address FOO50H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1
POMO 0 0 0 POMO04 POMO03 ‘ POMO2 | 0
Address FO054H After reset: 00OH R/W
Symbol 7 6 5 4 3 2 1
POM4 0 0 POM45 0 POM43 0 0
Address FOO5EH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1
POM14 0 0 0 POM144 POM143 POM142 0
POMmMnN Pmn pin output buffer selection (m =0, 4, 14;n=2t0 5)
0 Normal output mode
1 N-ch open-drain output (Voo tolerance) mode
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(18) Port mode registers 0, 1, 4, 14 (PMO0, PM1, PM4, PM14)
These registers set input/output of ports 0, 1, 4 and 14 in 1-bit units.
When using the P02/SO10/TxD1, P0O3/SI10/RxD1/SDA10,  P04/SCK10/SCL10, P10/SCKO00/,
P12/S000/TxD0/, P13/TxD3/, P43/SCKO1, P45/SO01, P142/SCK20/SCL20, P143/SI20/RxD2/SDA20, and
P144/S020/TxD2 pins for serial data output or serial clock output, clear the PM02, PM03, PM04, PM10,
PM12, PM13, PM43, PM45, PM142, PM143, and PM144 bits to 0, and set the output latches of P02, P03,
P04, P10, P12, P13, P43, P45, P142, P143, and P144 to 1.
When using the PO03/SI10/RxD1/SDA10, P04/SCK10/SCL10, P10/SCKO00, P11/SI00/RxDO, P14/RxD3,
P43/SCKO1, P44/SI01, P142/SCK20/SCL20, and P143/SI20/RxD2/SDA20 pins for serial data input or serial
clock input, set the PM03, PM04, PM10, PM11, PM14, PM43, PM44, PM142, and PM143 bits to 1. At this
time, the output latches of P03, P04, P10, P11, P14, P43, P44, P142, and P143 may be 0 or 1.
PMO, PM1, PM4, and PM14 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to FFH.

Figure 12-21. Format of Port Mode Registers 0, 1, 4, and 14 (PMO, PM1, PM4, PM14)

Address: FFF20H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PMO 1 PMO06 PMO05 PM04 PMO03 PMO02 PMO1 PMO00

Address: FFF21H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PM1 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10

Address: FFF24H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PM4 PM47 PM46 PM45 PM44 PM43 PM42 PM41 PM40

Address: FFF2EH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM14 1 1 PM145 PM144 PM143 PM142 PM141 PM140
PMmn Pmn pin I/O mode selection (m=0,1,4,14,n=01t07)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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12.4 Operation stop mode

Each serial interface of serial array unit has the operation stop mode.

In this mode, serial communication cannot be executed, thus reducing the power consumption.

In addition, the P02/SO10/TxD1, P03/SI10/SDA10/RxD1, P04/SCK10/SCL10, P10/SCK00, P11/SI00/RxDO,
P12/SO00/TxDO, P13/TxD3, P14/RxD3, P43/SCKO1,  P44/SI01, P45/SO01,  P142/SCK20/SCL20,
P143/SI120/SDA20/RxD2, or P144/SO20/TxD2 pin can be used as ordinary port pins in this mode.

12.4.1 Stopping the operation by units

The stopping of the operation by units is set by using peripheral enable register 0 (PERO).

PERQO is used to enable or disable use of each peripheral hardware macro. Clock supply to a hardware macro that
is not used is stopped in order to reduce the power consumption and noise.

To stop the operation of serial array unit 0, set bit 2 (SAUOEN) to 0.

To stop the operation of serial array unit 1, set bit 3 (SAU1EN) to 0.

Figure 12-22. Peripheral Enable Register 0 (PERO) Setting When Stopping the Operation by Units

(a) Peripheral enable register 0 (PERO) ... Set only the bit of SAUm to be stopped to 0.

7 6 5 4 3 2 1 0
PERO RTCEN DACEN ADCEN IICOEN SAU1EN SAUOEN TAUOEN
x X X X 0/1 0/1 0 X

Control of SAUm input clock —I—I

0: Stops supply of input clock
1: Supplies input clock

Cautions 1. If SAUmEN = 0, writing to a control register of serial array unit m is ignored, and, even if
the register is read, only the default value is read (except for input switch control register
(ISC), noise filter enable register (NFENO), port input mode registers (PIMO, PIM4, PIM14),
port output mode registers (POMO, POM4, POM14), port mode registers (PM0, PM1, PM4,
PM14), and port registers (PO, P1, P4, P14)).
2. Be sure to clear bit 1 of the PERO register to 0.

Remark m: Unit number (m =0, 1), []: Setting disabled (fixed by hardware)

x: Bits not used with serial array units (depending on the settings of other peripheral functions)
0/1: Set to 0 or 1 depending on the usage of the user
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12.4.2 Stopping the operation by channels
The stopping of the operation by channels is set using each of the following registers.

Figure 12-23. Each Register Setting When Stopping the Operation by Channels (1/2)

(a) Serial Channel Enable Status Register m (SEm) ... This register indicates whether data

transmission/reception operation of each channel is enabled or stopped.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SEm SEm3 | SEm2 | SEm1 | SEm0
0 0 0 0 0 0 0 0 0 0 0 0 0/1 | 0/1 | 0/1 | 0N

0: Operation stops

* The SEm register is a read-only status register, whose operation is stopped by using the STm register.
With a channel whose operation is stopped, the value of CKOmn of the SOm register can be set by software.

(b) Serial channel stop register m (STm) ... This register is a trigger register that is used to enable

stopping communication/count by each channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

STm STm3 | STm2 | STm1 | STmO
0 0 0 0 0 0 0 0 0 0 0 0 0/1 | 01| 0/ | 0N

1: Clears SEmn to 0 and stops the communication operation | | | |

* Because STmn is a trigger bit, it is cleared immediately when SEmn = 0.

(c) Serial output enable register m (SOEm) ... This register is a register that is used to enable or stop

output of the serial communication operation of each channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEO SOE02 | SOE01 [ SOE00
0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 | 0/1 | O

]

0: Stops output by serial communication operation

* For channel n, whose serial output is stopped, the SOO0n value of the SOO register can be set by software.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOE1 SOE12 SOE10
0 0 0 0 0 0 0 0 0 0 0 0 0 on 0 0N
]

0: Stops output by serial communication operation

* For channel n, whose serial output is stopped, the SO1n value of the SO1 register can be set by software.

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3)
[] : Setting disabled (fixed by hardware), 0/1: Set to 0 or 1 depending on the usage of the user
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Figure 12-23. Each Register Setting When Stopping the Operation by Channels (2/2)

(d) Serial output register m (SOm) ...This register is a buffer register for serial output of each channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SO0 CKOO02 | CKOO1 | CKO00 S002 | SO01 | SO00
0 0 0 0 1 0/1 | 0/1 | ON 0 0 0 0 1 0/1 | 0/1 | ON

1: Serial clock output value is T I 1: Serial data output value is oL 1]

* When using pins corresponding to each channel as port function pins, set the corresponding CKOOn and SOOn bits to “1”.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SO1 CKO10 S012 S010
0 0 0 0 1 1 1 on 0 0 0 0 1 0N 1 0N

1: Serial clock output value is “1” _ 1: Serial data output value is “1” ]

* When using pins corresponding to each channel as port function pins, set the corresponding CKO10 and SO1n bits to “1”.

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 3)
[] : Setting disabled (fixed by hardware), 0/1: Set to 0 or 1 depending on the usage of the user
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12.5 Operation of 3-Wire Serial I/0 (CSI00, CSI01, CSI10, CSI20) Communication

This is a clocked communication function that uses three lines: serial clock (SCK) and serial data (Sl and SO) lines.

[Data transmission/reception]
¢ Data length of 7 or 8 bits

e Phase control of transmit/receive data

o MSB/LSB first selectable

o Level setting of transmit/receive data

[Clock control]
o Master/slave selection
e Phase control of I/O clock

e Setting of transfer period by prescaler and internal counter of each channel

[Interrupt function]

o Transfer end interrupt/buffer empty interrupt

[Error detection flag]
e Qverrun error

The channels supporting 3-wire serial /0 (CSI00, CSI01, CSI10, CSI20) are channels 0 to 2 of SAUO and channel

0 of SAU1.
Unit Channel Used as CSI Used as UART Used as Simplified I’c

0 0 UARTO -
1 _
2 UART1 IIC10
3 -

1 0 UART2 l1IC20
1 — -
2 - UART3 (supporting LIN-bus) -
3 - -

3-wire serial I/O (CSI00, CSI01, CIS10, CSI20) performs the following six types of communication operations.

o Master transmission

o Master reception

¢ Master transmission/reception
Slave transmission

¢ Slave reception
¢ Slave transmission/reception

(See 12.5.1))
(See 12.5.2.)
(See 12.5.3.)
(See 12.5.4.)
(See 12.5.5.)
(See 12.5.6.)
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12.5.1 Master transmission
Master transmission is that the 78KOR/KF3 outputs a transfer clock and transmits data to another device.

3-Wire Serial /10

CSl00 Cslo1 Csi1o CSI20

Target channel

Channel 0 of SAUO Channel 1 of SAUO Channel 2 of SAUO Channel 0 of SAU1

Pins used

SCKO00, SO00 SCKO1, SOO01 SCK10, SO10 SCK20, SO20

Interrupt

INTCSIO0 INTCSIO1 INTCSI10 INTCSI20

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode)
can be selected.

Error detection flag

None

Transfer data length

7 or 8 bits

Transfer rate

Max. feik/4 [Hz], Min. fou/(2 x 2" x 128) [Hz]"* fok: System clock frequency

Data phase Selectable by DAPmn bit

o DAPmn = 0: Data output starts from the start of the operation of the serial clock.

o DAPmn = 1: Data output starts half a clock before the start of the serial clock operation.
Clock phase Selectable by CKPmn bit

e CKPmn = 0: Forward
o CKPmn = 1: Reverse

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the AC characteristics in the electrical

specifications (see CHAPTER 28

ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and

CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remark m: Unit number (m = 0, 1), n: Channel number (n =0 to 2)

386
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(1) Register setting

Figure 12-24. Example of Contents of Registers for Master Transmission of 3-Wire Serial /O
(Csloo, Cslo1, CSI10, CSI20)

(a) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm2|CKOm1 |CKOmO SOm2 | SOm1 | SOmo
0 0 0 0 1 0/1 | 0/1 | 0/1 0 0 0 0 1 0/1 | 0/1 | ON
I I

Communication starts when these bits are 1 if the data
phase is forward (CKPmn = 0). If the phase is reversed
(CKPmn = 1), communication starts when these bits are 0.

(b) Serial output enable register m (SOEm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm2|SOEm1 |SOEmO
0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 | 0/1 | O

(c) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 X 0/1 | 0/1 | O

(d) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmn |cksmn
0N

MDmn1

0

MDmn2]

0

MDmnO

01
I

Interrupt sources of channel n

CCSmn| STSmn
0 0 0 0 0 0 0 0

SISm0

1 0 0

0: Transfer end interrupt
1: Buffer empty interrupt

(e) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmMn  [[TxEmn|RXEmn
1 0

DAPmn|CKPmn EOCmn|PTCmn1 [PTCmnOJf DIRMn SLCmn1|{SLCmnO

0101 | 0 0 0 0 o1} O 0 0

DLSmn2(DLSmn1

0 1 1

DLSmnO|

01

(f) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn

Baud rate setting 0 Transmit data setting

SIOp

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
D: Setting is fixed in the CSI master transmission mode, []: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

388

Figure 12-25. Initial Setting Procedure for Master Transmission

<Starting initial setting>

Setting PERO register

Setting SPSm register

Setting SMRmn register

Setting SCRmn register

Setting SDRmn register

Setting SOm register

Changing setting of SOEm register

Setting port

Writing to SSm register

<Starting communicatioD

Caution
have elapsed.

Release the serial array unit from the
reset status and start clock supply.

Set the operation clock

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate.

Manipulate the SOmn and CKOmn bits
and set an initial output level.

Set the SOEmn bit to 1 and enable data
output of the target channel.

Enable data output and clock output of

the target channel by setting a port
register and a port mode register.

Set the SSmn bit of the target channel to
1to set SEmn = 1.

Set transmit data to the SIOp register (bits
7 to 0 of the SDRmn register) and start
communication.

After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
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Figure 12-26. Procedure for Stopping Master Transmission

<Starting setting to stop>

Setting STm register

Write 1 to the STmn bit of the target
channel.

Changing setting of SOEm Set the SOEm register and stop the
register output of the target channel

|

@opping communicatioD Stop communication in midway.

Remarks 1. Even after communication is stopped, the pin level is retained. To resume the operation, re-set
the SOm register (see Figure 12-27 Procedure for Resuming Master Transmission).

2. p: CSI number (p =00, 01, 10, 20)
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Figure 12-27. Procedure for Resuming Master Transmission

<Staning setting for resumpti(D

Disable data output and clock output of
(Essential) Port manipulation the target channel by setting a port
register and a port mode register.
c (SPS Change the setting if an incorrect division
. hanging setting of SPSm register
(Selective) ging 9 9 ratio of the operation clock is set.
Change the setting if an incorrect
(Selective) Changing setting of SDRmn register transfer baud rate is set.
Change the setting if the setting of the
(Selective) Changing setting of SMRmn register SMRmn register is incorrect.
Change the setting if the setting of the
(Selective) | Changing setting of SCRmn register SCRmn register is incorrect.
Cleari q Cleared by using SIRmn register if FEF,
) earing error fla
(Selective) 9 9 PEF, or OVF flag remains set.
) ] ] Set the SOEm register and stop the
(Selective) Changing setting of SOEm register
output of the target channel.
(Selecive) Ghanging seting of SOM rogister Manipulate the SOmn and CKOmn bits
and set an initial output level.
Set the SOEm register and enable data
(Selective) Changing setting of SOEm register output of the target channel.
Enable data output and clock output of
(Essential) Port manipulation the target channel by setting a port
register and a port mode register.

Set the SSmn bit of the target channel to

(Essential) Writing to SSm register 1to set SEmn = 1.

' Set transmit data to the SIOp register (bits 7
(Essential) <Starting communicatioD to 0 of the SDRmn register) and start
communication.
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(3) Processing flow (in single-transmission mode)

Figure 12-28. Timing Chart of Master Transmission (in Single-Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn |

STmn

SEmn

SDRmn

Transmit data 1

Transmit data 2

Transmit data 3

SCKp pin
SOp pin

Transmit data 1

Transmit data 2

Transmit data 3

Shift

register mn
INTCSIp

I~ \re.

— P\ p—
it cperaion XX

f— r— —
Shift operatlon:X:X

TSFmn

Data transmission (8-bit length)

Data transmission (8-bit length)

Data transmission (8-bit length)

Remark m:

Unit number (m = 0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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Figure 12-29. Flowchart of Master Transmission (in Single-Transmission Mode)

<Starting CSlI communicaticD

Setting SAUTEN and SAUOEN

bits of PERO register to 1

Setting operation clock by
SPSm register

SMRmn, SCRmn: Setting communication

SDRmn[16:9]:  Setting transfer rate Perform initial setting when SEmn = 0.

SOm, SOEm: Setting output

Port manipulation

Writing 1 to SSmn bit

Writing transmit data to
SIOp (=SDRmn[7:0])

o
l

Transfer end interrupt No
generated?
Yes

No
Transmission completed?

Yes

Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN

bits of PERO register to 0

<End of communicatiorD

Caution After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks

have elapsed.

392 Users Manual U17893EJ8VOUD



CHAPTER 12 SERIAL ARRAY UNIT

(4) Processing flow (in continuous transmission mode)

Figure 12-30. Timing Chart of Master Transmission (in Continuous Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn |
STmn HL
SEmn | |
SDRmn Transmit data 1 Transmit data 2 Transmit data 3
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Shift —r—r N Ar— -
INTCSIp 1 |-
Data transmission (8-bit length) |  Datga transmission (8-bit length) | Data transmission (8-bit length)
MDmnO
TSFmn
BFFmn
<1> <2><3> <2> <3> <2> <3> <4> <5><6>
(Note)

Note When transmit data is written to the SDRmn register while BFFmn = 1, the transmit data is overwritten.
Caution The MDmnO bit can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started, so that it will be rewritten before

the transfer end interrupt of the last transmit data.

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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Figure 12-31. Flowchart of Master Transmission (in Continuous Transmission Mode)

Starting CSI communication

Setting SAU1EN and SAUOEN
bits of PERO register to 1

Setting operation clock by

SPSm register

SMRmn, SCRmn: Setting communication

Perform initial setting when SEmn = 0.

SDRmn[15:9]: Setting transfer rate
<1> Select the buffer empty interrupt.

SOm, SOEm; Setting output

Port manipulation

‘ Writing 1 to SSmn bit ‘

»
»

&
<

Writing transmit data to
SIOp (=SDRmn[7:0])

<2>

(€
<

Buffer empty interrupt
generated?

Yes

Transmitting next data?

Clearing 0 to MDmnO bit <4>

TSFmn =17
No
Yes
<&
<
) No
Transfer end interrupt
generated?
<5>
»| Yes
>

Communication continued?

Writing 1 to MDmnO bit

<6>

‘ Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN
bits of PERO register to 0

End of communication

Caution  After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks

have elapsed.

Remark <1> to <6> in the figure correspond to <1> to <6> in Figure 12-30 Timing Chart of Master
Transmission (in Continuous Transmission Mode).
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12.5.2 Master reception
Master reception is that the 78KOR/KF3 outputs a transfer clock and receives data from other device.

3-Wire Serial /10

CSlo0 Cslo1 CSI0 CSI20

Target channel

Channel 0 of SAUO Channel 1 of SAUO Channel 2 of SAUO Channel 0 of SAU1

Pins used

SCKO00, S100 SCKo1, Slo1 SCK10, SI10 SCK20, SI20

Interrupt

INTCSIO0 INTCSIO1 INTCSI10 INTCSI20

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode)
can be selected.

Error detection flag

Overrun error detection flag (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate

Max. feik/4 [Hz], Min. fou/(2 x 2" x 128) [Hz] " fok: System clock frequency

Data phase Selectable by DAPmn bit

e« DAPmn = 0: Data input starts from the start of the operation of the serial clock.

o DAPmn = 1: Data input starts half a clock before the start of the serial clock operation.
Clock phase Selectable by CKPmn bit

e CKPmn = 0: Forward
o CKPmn = 1: Reverse

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the AC characteristics in the electrical

specifications (see CHAPTER 28

ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and

CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remark m: Unit number (m =0, 1), n: Channel number (n =0 to 2)
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(1) Register setting

Figure 12-32. Example of Contents of Registers for Master Reception of 3-Wire Serial 1/0
(Csloo, Cslo1, CSI10, CSI20)

(a) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm2 |CKOm1 [ CKOmO SOm2 | sOm1 | somo
0 0 0 0 1 0/1 | 0/1 | ON 0 0 0 0 1 X x X
I N

Communication starts when these bits are 1 if the data
phase is forward (CKPmn = 0). If the phase is reversed
(CKPmn = 1), communication starts when these bits are 0.

<R> (b) Serial output enable register m (SOEm) ...The register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm2 |SOEm1 |SOEmO0
0 0 0 0 0 0 0 0 0 0 0 0 0 X X X

(c) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 X 0/1 | 0/1 | O

(d) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

<R> SMBmMn |cksmn
01

CCSmn STSmn
0 0 0 0 0 0 0

SISmnO|
0

MDmn2(MDmn1
1 0 0 0 0

MDmnO

01
I

Interrupt sources of channel n
0: Transfer end interrupt
1: Buffer empty interrupt

0

(e) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmn || TXEmn [RXEmn
0 1

DAPmn|CKPmn EOCmn{PTCmn1 [PTCmn0
0/1 | 0/1 0 0 0 0

DIRmn SLCmn1{SLCmnO
0/1 0 0 0

DLSmn2|DLSmn1
0 1 1

DLSmn0
(V4]

(f) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn Receive data register
Baud rate setting 0 (Write FFH as dummy data.)

SIOp

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
@: Setting is fixed in the CSI master reception mode, [ ]: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user

396 Users Manual U17893EJ8VOUD



CHAPTER 12 SERIAL ARRAY UNIT

(2) Operation procedure

Figure 12-33. Initial Setting Procedure for Master Reception

<Starting initial setting>

|

Setting PERO register

|

Setting SPSm register

|

Setting SMRmn register

|

Setting SCRmn register

|

Setting SDRmn register

|

Setting SOm register

|

Setting port

Writing to SSm register

|

<Star1ing communicatioD

Release the serial array unit from the
reset status and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate.

Manipulate the CKOmn bit and set an
initial output level.

Enable clock output of the target channel
by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to
1to set SEmn=1.

Set dummy data to the SIOp register (bits
7 to 0 of the SDRmn register) and start
communication.

Caution  After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks

have elapsed.

Figure 12-34. Procedure for Stopping Master Reception

<Starting setting to stoD

Setting STm register

Gtopping communicatioD

Write 1 to the STmn bit of the target
channel.

Stop communication in midway.

Remark Even after communication is stopped, the pin level is retained. To resume the operation, re-set the

SOm register (see Figure 12-35 Procedure for Resuming Master Reception).
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(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

Figure 12-35. Procedure for Resuming Master Reception

@arting setting for resumpticD

Port manipulation

Changing setting of SPSm register

Changing setting of SDRmn register

Changing setting of SMRmn register

Changing setting of SCRmn register

Changing setting of SOm register

Clearing error flag

Port manipulation

Writing to SSm register

<Starting communicatioD

Disable clock output of the target
channel by setting a port register and a
port mode register.

Change the setting if an incorrect division
ratio of the operation clock is set.

Change the setting if an incorrect
transfer baud rate is set.

Change the setting if the setting of the
SMRmn register is incorrect.

Change the setting if the setting of the
SCRmn register is incorrect.

Manipulate the CKOmn bit and set a
clock output level.

Cleared by using SIRmn register if FEF,
PEF, or OVF flag remains set.

Enable clock output of the target channel
by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to
1to set SEmn=1.

Sets dummy data to the SIOp register
(bits 7 to 0 of the SDRmn register) and
start communication.
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(3) Processing flow (in single-reception mode)

Figure 12-36. Timing Chart of Master Reception (in Single-Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn ﬂL
SEmn ]
— Receive data 1 Receive data 2 Receive data 3
SDRmn Dummy data for reception X Dummy data X Dummy data '
AWrite AWrite Awyrite
ARead ARgad Redd A

SCKp pin
Slp pin

Receive data 1

Receive data 2

Receive data 3

Shift

register mn

x Reception & sm‘o?atioa

INTCSIp

\\r/\rrr
,Reception & shift oeera@X:X

eception & shift operation

TSFmn

Data reception (8-bit length)

Data reception (8-bit length)

Data reception (8-bit length)

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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Figure 12-37. Flowchart of Master Reception (in Single-Reception Mode)

<Starting CSl communicaticD

Setting SAUTEN and SAUOEN
bits of PERO register to 1

Setting transfer rate by
SPSm register

SMRmn, SCRmn: Setting communication

SDRmn[15:9]: Setting transfer rate
<R> SOm: Setting SCKp output

Port manipulation

Perform initial setting when SEmn = 0.

Writing 1 to SSmn bit

le
“

Writing dummy data to
SIOp (=SDRmn[7:0])

Starting reception

P
<

No

Transfer end interrupt
generated?

Reading
SIOp (= SDRmn[7:0])
register

No
Reception completed?

Yes

Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN
bits of PERO register to 0

<End of communicatiorD

Caution  After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
have elapsed.
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<R> (4) Processing flow (in continuous reception mode)

Figure 12-38. Timing Chart of Master Reception (in Continuous Reception Mode) (Type 1: DAPmn = 0, CKPmn = 0)

SSmn |
STmn HL
SEmn .
I Receive data 3 1
SDRmn Dummy data Dummy data  {Receive data 1X Dummy data Receive data 2 '
MNWrite /MWrite ANWrite
ARead ARead Read A
SCKp pin SRR Ay Ay RN Ay gy
Slp pin Receive data 1 Receive data 2 Receive data 3
Shift —r— —r—r— — A A —— —————
register mn Recepfon € shiftopgration XXX Recepton & shiftoperation Y XX Ricention & shiff onsration X
INTCSIp
Data reception (8-bit length) Data reception (8-bit length) Data reception (8-bit length)
MDmnO [
TSFmn
BFFmn
<1> <2><3> <2> <3> <4> <2> <3> <4> <5> <6><7> <8>

Caution The MDmnO bit can be rewritten even during operation.
However, rewrite it before receive of the last bit is started, so that it has been rewritten before

the transfer end interrupt of the last receive data.
Remarks 1. <1> to <8> in the figure correspond to <1> to <8> in Figure 12-39 Flowchart of Master

Reception (in Continuous Reception Mode).
2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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<BR> Figure 12-39. Flowchart of Master Reception (in Continuous Reception Mode)

Starting CSI communication

Setting SAUTEN and SAUOEN
bits of PERO register to 1

Setting transfer rate by

SPSm register

SMRmn, SCRmn: Setting communication Perform initial setting when SEmn = 0.
SDRmn[15:9]: Setting transfer rate .
Som Setting output and SCKp output <1> Select the buffer empty interrupt.

‘ Port manipulation ‘

‘ Writing 1 to SSmn bit ‘

Writing dummy data to SIOp
(=SDRmn[7:0])

No

Buffer empty interrupt
generated?

Yes

<3>

Reading receive data from
SIOp (=SDRmn[7:0])

<4>

Transfer end interrupt
generated?

Reading receive data from
SIOp (=SDRmn[7:0])

Yes
Writing 1 to MDmnO bit

No

<8>

Writing 1 to STmn bit ‘

[
Clearing SAU1EN and SAUOEN

bits of PERO register to 0

End of communication

Caution After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
have elapsed.

Remark <1> to <8> in the figure correspond to <1> to <8> in Figure 12-38 Timing Chart of Master
Reception (in Continuous Reception Mode).
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12.5.3 Master transmission/reception
Master transmission/reception is that the 78KOR/KF3 outputs a transfer clock and transmits/receives data to/from

other device.

3-Wire Serial I/O

CSloo Cslo1 CSI10 CSI20

Target channel

Channel 0 of SAUO Channel 1 of SAUO Channel 2 of SAUO Channel 0 of SAU1

Pins used

SCKO00, S100, SO00 SCKO01, Sl01, SO01 SCK10, SI10, SO10 SCK20, SI20, SO20

Interrupt

INTCSI00 INTCSIO1 INTCSI10 INTCSI20

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode)
can be selected.

Error detection flag

Overrun error detection flag (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate

Max. feu/4 [Hz], Min. fou/(2 x 2" x 128) [Hz] " fcik: System clock frequency

Data phase Selectable by DAPmn bit

o DAPmn = 0: Data I/O starts at the start of the operation of the serial clock.

o DAPmn = 1: Data I/O starts half a clock before the start of the serial clock operation.
Clock phase Selectable by CKPmn bit

e CKPmn = 0: Forward
e CKPmn = 1: Reverse

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the AC characteristics in the electrical

specifications (see CHAPTER 28

ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and

CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remark m: Unit number (m =0, 1), n: Channel number (n =0 to 2)
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(1) Register setting

Figure 12-40. Example of Contents of Registers for Master Transmission/Reception of 3-Wire Serial I/O
(Csloo, Cslo1, CSI10, CSI20)

(a) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm2|CKOm1|CKOmO SOm2 | SOm1 | SOmo
0 0 0 0 1 0/1 | 0/1 | 0N 0 0 0 0 1 0/1 | 0/1 | O/
I N

Communication starts when these bits are 1 if the data
phase is forward (CKPmn = 0). If the phase is reversed
(CKPmn = 1), communication starts when these bits are 0.

(b) Serial output enable register m (SOEm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm2|SOEm1|SOEm0
0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 | 0/1 | 0/1

(c) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 X 0/1 | 0/1 | O/

(d) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRBmn |cksmn
0/1

CCSmn STSmn
0 0 0 0 0 0 0

SISmnO)
0

MDmn2(MDmn1

1 0 0 0 0

MDmnO

01
|

Interrupt sources of channel n
0: Transfer end interrupt
1: Buffer empty interrupt

0

(e) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmn || TXEmn [RXEmn
1 1

DAPmn|CKPmn EOCmn{PTCmn1 [PTCmn0
0/1 | 0/1 0 0 0 0

DIRmn SLCmn1{SLCmnO
0/1 0 0 0

DLSmn2|DLSmn1
0 1 1

DLSmn0
(V4]

(f) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn

Baud rate setting 0 Transmit data setting/receive data register

SIOp

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
@: Setting is fixed in the CSI master transmission/reception mode, []: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 12-41. Initial Setting Procedure for Master Transmission/Reception

<Starting initial setting>

Setting PE

RO register

Release the serial array unit from the

reset status and start clock supply.

Setting SPSm register

Set the operation clock.

Setting SMRmn register

Set an operation mode, etc.

Setting SCRmn register

Set a communication format.

Setting SDRmn register

Set a transfer baud rate.

Setting SOm register

Manipulate the SOmn and CKOmn bits
and set an initial output level.

Changing setting of SOEm register

Set the SOEmn bit to 1 and enable data
output of the target channel.

Enable data output and clock output of

Setting port the target channel by setting a port
register and a port mode register.
N . Set the SSmn bit of the target channel to
Writing to SSm register
1 to set SEmn =1.
Set transmit data to the SIOp register
(Starting communicatioD (bits 7 to 0 of the SDRmn register) and

start communication.

Caution After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks

have elapsed.

Figure 12-42. Procedure for Stopping Master Transmission/Reception

(Staning setting to stoD

Setting STm register

Write 1 to the STmn bit of the target

channel.
Changing setting of SOEm Set the SOEm register and stop the
register output of the target channel.
Gtopping communicatioD Stop communication in midway.

Remark Even after communication is stopped, the pin level is retained. To resume the operation, re-set the

SOm register (see Figure 12-43 Procedure for Resuming Master Transmission/Reception).
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Figure 12-43. Procedure for Resuming Master Transmission/Reception

<Staning setting for resumpti(D

Disable data output and clock output of
i i the target channel by setting a port

(Essential) Port manipulation . [¢] Yy 9. p

register and a port mode register.

c s Change the setting if an incorrect division
. hanging setting of SPSm register

(Selective) g 9 9 ratio of the operation clock is set.

Change the setting if an incorrect
(Selective) Changing setting of SDRmn register transfer baud rate is set.

Change the setting if the setting of the
(Selective) Changing setting of SMRmn register SMRmn register is incorrect.

Change the setting if the setting of the
(Selective) | Changing setting of SCRmn register SCRmn register is incorrect.

Cleared by using SIRmn register if FEF,
(Selective) Clearing error flag PEF, or OVF flag remains set.

Set the SOEm register and stop the
(Selective) Changing setting of SOEm register output of the target channel.

) ) ) Manipulate the SOmn and CKOmn bits

(Selective) Changing setting of SOm register o

and set an initial output level.

] ] ] Set the SOEm register and enable the

(Selective) Changing setting of SOEm register

output of the target channel.

Enable data output and clock output of
(Essential) Port manipulation the.target channel by setting.a port

register and a port mode register.

Set the SSmn bit of the target channel to
1 and set SEmn to 1.

(Essential) Writing to SSm register

|

. T Set transmit data to the SIOp register (bits 7
(Essential) <Start|ng communlcatloD )
to 0 of the SDRmn register) and start

communication.
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(3) Processing flow (in single-transmission/reception mode)

Figure 12-44. Timing Chart of Master Transmission/Reception (in Single-Transmission/Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn ﬂL
SEmn
‘ Receive data 1 Receive data 2 Receive data 3
SDRmn Transmit data 1 Transmit data 2 Transmit data 2 X'
AWrite Write Write |
ARead ARead ReadA
SCKp pin
Slp pin Receive data 1 Receive data 2 Receive data 3
register mn X_Fiecetion & sfift oeraffon X Hecegtion . sit oger3fon Fecpplior & s{itt gperafion_X
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
INTCSIp 1
Data transmission/reception (8-bit length) Data transmission/reception (8-bit length) Data transmission/reception (8-bit length)
TSFmn

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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Figure 12-45. Flowchart of Master Transmission/Reception (in Single- Transmission/Reception Mode)

<Starting CsSl communicaticD

Setting SAUTEN and SAUOEN
bits of PERO register to 1

Setting operation clock by
SPSm register

SMRmn, SCRmn: Setting communication

SDRmn[15:9]: Setting transfer rate Perform initial setting when SEmn = 0.
SOm, SOEm: Setting output and SCKp output

Port manipulation

Writing 1 to SSmn bit

le
“

Writing transmit data to
SIOp (=SDRmn[7:0])

‘ Starting transmission/reception

P
<

Transfer end interrupt No
generated?

Yes

Reading
SIOp (=SDRmn[7:0])
register

No

Transmission/reception
completed?

Yes

Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN

bits of PERO register to 0

<End of communicatioD

Caution  After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks

have elapsed.
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(4) Processing flow (in continuous transmission/reception mode)

Figure 12-46. Timing Chart of Master Transmission/Reception (in Continuous Transmission/Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

ssmn __[]
STmn I
SEmn ]
— Receive data 3 1
SDRmn Transmit data 1X Transmit data 2 XReceive data 1{Transmit data 3) Receive data 2 !
AWrite AWrite MWrite
ARead ARead Read A
SCKp pin J'U'U'UFI_I'I_FIJ'LFLI'IILFLI"IU'LI'I_HLI'LFU'U'LI'LI'U'IJ
Slp pin Receive data 1 Receive data 2 Receive data 3
register mn (O FHecoption s st gperafon feccgtion & shit ogerafon X XReceptich &hifsGeefaion X
SOp pin Transmit data 1 X Transmit data 2 Transmit data 3
INTCSIp Il Il
Data transmission/reception (8-bit length)| Data transmission/reception (8-bit length)| Data transmission/reception (8-bit length)
MDmnO
TSFmn
BFFmn
<1> <2><3> <2> 3 <4><2> <3> <4> <5> 6><7> <8>
(Note 1) (Note2) =%~ (Note 2) hg

Notes 1. When transmit data is written to the SDRmn register while BFFmn = 1, the transmit data is
overwritten.
2. The transmit data can be read by reading the SDRmn register during this period. At this time, the
transfer operation is not affected.

Caution The MDmnO bit can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started, so that it has been rewritten
before the transfer end interrupt of the last transmit data.

Remarks 1. <1> to <8> in the figure correspond to <1> to <8> in Figure 12-47 Flowchart of Master

Transmission/Reception (in Continuous Transmission/Reception Mode).
2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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Figure 12-47. Flowchart of Master Transmission/Reception (in Continuous Transmission/Reception Mode)

Starting CSI communication

Setting SAUTEN and SAUOEN
bits of PERO register to 1

Setting operation clock by

SPSm register

SMRmn, SCRmn: Setting communication Perform initial setting when SEmn = 0.
SDRmn[15:9]: Setting transfer rate .
SOm, SOEm: Setting output and SCKp output <1> Select the buffer empty interrupt.

‘ Port manipulation ‘

‘ Writing 1 to SSmn bit ‘
»|
" e
<
Writing transmit data to
SIOp (=SDRmn[7:0])

No

Buffer empty interrupt
generated?

Yes

<3>

Reading receive data from
SIOp (=SDRmn[7:0])

<4>

Transfer end interrupt
generated?

Reading receive data from
SIOp (=SDRmn[7:0])

Yes
Writing 1 to MDmnO bit

No

8> ‘ Writing 1 to STmn bit ‘

[
Clearing SAU1EN and SAUOEN

bits of PERO register to 0
End of communication

Caution After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
have elapsed.

Remark <1> to <8> in the figure correspond to <1> to <8> in Figure 12-46 Timing Chart of Master
Transmission/Reception (in Continuous Transmission/Reception Mode).
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12.5.4 Slave transmission
Slave transmission is that the 78KOR/KF3 transmits data to another device in the state of a transfer clock being
input from another device.

3-Wire Serial I/O

CSloo Cslo1 CSI10 CSI20

Target channel

Channel 0 of SAUO Channel 1 of SAUO Channel 2 of SAUO Channel 0 of SAU1

Pins used

SCKO00, SO00 SCKO1, SOO01 SCK10, SO10 SCK20, SO20

Interrupt

INTCSI00 INTCSIO1 INTCSI10 INTCSI20

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode)
can be selected.

Error detection flag

Overrun error detection flag (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate

Max. fuck/6 [Hz]""?

Data phase Selectable by DAPmn bit

o DAPmn = 0: Data output starts from the start of the operation of the serial clock.

o DAPmn = 1: Data output starts half a clock before the start of the serial clock operation.
Clock phase Selectable by CKPmn bit

e CKPmn = 0: Forward
e CKPmn = 1: Reverse

Data direction

MSB or LSB first

Notes 1. Because the external serial clock input to pins SCK00, SCK01, SCK10, and SCK20 is sampled internally
and used, the fastest transfer rate is fuck/6 [Hz].
2. Use this operation within a range that satisfies the conditions above and the AC characteristics in the

electrical

specifications (see CHAPTER 28

ELECTRICAL SPECIFICATIONS (STANDARD

PRODUCTS) and CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remarks 1. fmck: Operation clock (MCK) frequency of target channel

2. m: Unit number (m =0, 1), n: Channel number (n = 0 to 2)
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(1) Register setting

Figure 12-48. Example of Contents of Registers for Slave Transmission of 3-Wire Serial I/O
(Csloo, Cslo1, CSI10, CSI20)

(a) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm2 |CKOm1 [ CKOmO SOm2 | sOm1 [ somo
0 0 0 0 1 X X X 0 0 0 0 1 0/1 | 0/1 | oM

(b) Serial output enable register m (SOEm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm2|SOEm1|SOEmO
0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 | 0/1 | 0/1

(c) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 X 0/1 | 0/1 | O/

(d) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmn |cksmn
01

CCSmn STSmn
1 0 0 0 0 0 0

SISmnO)
0

MDmn2(MDmn1
1 0 0 0 0

MDmn0
0/1

I
Interrupt sources of channel n
0: Transfer end interrupt
1: Buffer empty interrupt

0

(e) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmn || TXEmn |RXEmn
1 0

DAPmn|CKPmn EOCmn{PTCmn1|PTCmn0

01101 | 0 0 0 0

DIRmn SLCmn1{SLCmnO

01| 0 0 0

DLSmn2|DLSmn1

0 1 1

DLSmnO|

0/

(f) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn

Baud rate setting 0 Transmit data setting

SIOp

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
@: Setting is fixed in the CSlI slave transmission mode, [ ] : Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Caution

Figure 12-49. Initial Setting Procedure for Slave Transmission

<Starting initial setting>

Setting PERO register

Setting SPSm register

Setting SMRmn register

Setting SCRmn register

Setting SDRmn register

Setting SOm register

IChanging setting of SOEm register

Setting port

Writing to SSm register

<Starting communicatioD

Release the serial array unit from the
reset status and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set bits 15 to 9 to 0000000B for baud
rate setting.

Manipulate the SOmn bit and set an
initial output level.

Set the SOEmn bit to 1 and enable data
output of the target channel.

Enable data output of the target channel
by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to
1toset SEmn=1.

Set transmit data to the SIOp register
(bits 7 to 0 of the SDRmn register) and
wait for a clock from the master.

After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks

have elapsed.
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Figure 12-50. Procedure for Stopping Slave Transmission

<Starting setting to stoD

Setting STm register

Write 1 to the STmn bit of the target

channel.
Changing setting of SOEm Set the SOEm register and stop the
register output of the target channel.
@opping communicatioD Stop communication in midway.

Remark Even after communication is stopped, the pin level is retained. To resume the operation, re-set the
SOm register (see Figure 12-51 Procedure for Resuming Slave Transmission).

414 User's Manual U17893EJ8VOUD



<R>

CHAPTER 12 SERIAL ARRAY UNIT

Figure 12-51. Procedure for Resuming Slave Transmission

(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

(Essential)

@arting setting for resumpticD

Manipulating target for communication

Port manipulation

Changing setting of SPSm register

Changing setting of SMRmn register

Changing setting of SCRmn register

Clearing error flag

Changing setting of SOEm register

Changing setting of SOm register

Changing setting of SOEm register

Port manipulation

Writing to SSm register

Starting communication

Qaning target for communicatiD

Stop the target for communication or wait
until the target completes its operation.

Disable data output of the target channel
by setting a port register and a port
mode register.

Change the setting if an incorrect division
ratio of the operation clock is set.

Change the setting if the setting of the
SMRmn register is incorrect.

Change the setting if the setting of the
SCRmn register is incorrect.

Cleared by using SIRmn register if FEF,
PEF, or OVF flag remains set.

Set the SOEm register and stop the
output of the target channel.

Manipulate the SOmn bit and set an
initial output level.

Set the SOEm register and enable the
output of the target channel.

Enable data output of the target channel
by setting a port register and a port
mode register.

Set the SSmn bit of the target channel to
1 to set SEmn = 1.

Set transmit data to the SIOp register (bits 7
to 0 of the SDRmn register) and wait for a
clock from the master.

Start the target for communication.
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(3) Processing flow (in single-transmission mode)

Figure 12-52. Timing Chart of Slave Transmission (in Single-Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn
SEmn |
SDRmn Transmit data 1 Transmit data 2 Transmit data 3
SCKp pin Egigigigigigigh
SOp pin Transmit data 1 Transmit data 2 Transmit data 3

Shift - — —r—

INTCSIp

Data transmission (8-bit length) Data transmission (8-bit length) Data transmission (8-bit length)

TSFmn

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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Figure 12-53. Flowchart of Slave Transmission (in Single-Transmission Mode)

<Star1ing CsSlI communicatioD

Setting SAUTEN and SAUOEN

bits of PERO register to 1

Setting transfer rate by
SPSm register

SMRmn, SCRmn: Setting communication

SDRmn[15:9]:  Setting 00000008 Perform initial setting when SEmn = 0.

SOm, SOEm: Setting output

<R>

Port manipulation

Writing 1 to SSmn bit

Writing transmit data to
SIOp (=SDRmnN[7:0])

Pl
l

Transfer end interrupt No
generated?
Yes

No
Transmission completed?

Yes

Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN
bits of PERO register to 0

<End of communication>

After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks

Caution
have elapsed.
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(4) Processing flow (in continuous transmission mode)

Figure 12-54. Timing Chart of Slave Transmission (in Continuous Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn |
STmn ﬂL
SEmn -
SDRmn Transmit data 1 Transmit data 2 Transmit data 3
SCKp pin Loy U Uy
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Shift I A — — —
INTCSIp Il
Data trgnsmission (8-bit length) | Datg transmission (8-bit length) | Data transmission (8-bit length)
MDmnO
TSFmn
BFFmn
<1> <2><3> <2> <3> <2> <3> <4> <5> <6>
(Note)

Note When transmit data is written to the SDRmn register while BFFmn = 1, the transmit data is overwritten.

Caution The MDmnO bit can be rewritten even during operation. However, rewrite it before transfer of
the last bit is started.
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Figure 12-55. Flowchart of Slave Transmission (in Continuous Transmission Mode)

Starting CSI communication

Setting SAUTEN and SAUOEN
bits of PERO register to 1

Setting transfer rate by

SPSm register

SMRmn, SCRmn:  Setting communication
<R> SDRmA[15:9]: Setting 00000008 Perform initial setting when SEmn = 0.
SOm, SOEm: Setting output <1> Select the buffer empty interrupt.

‘ Port manipulation ‘

‘ Writing 1 to SSmn bit ‘

»
»
<&
<

Writing transmit data to

SIOp (=SDRmn[7:0])

‘ <
<

<2>

Buffer empty interrupt
generated?

‘ Clearing 0 to MDmNO bit <4>
No
Yes
<
Transfer end interrupt
generated?
Yes <5>

Writing 1 to MDmnO bit

>
Communication continued?
No

‘ Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN
bits of PERO register to 0

End of communication

Caution After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
have elapsed.

<6>

Remark <1> to <6> in the figure correspond to <1> to <6> in Figure 12-54 Timing Chart of Slave
Transmission (in Continuous Transmission Mode).
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12.5.5 Slave reception
Slave reception is that the 78 KOR/KF3 receives data from another device in the state of a transfer clock being input
from another device.

3-Wire Serial I/O

CSloo

CSlo1

CSI10

CSI20

Target channel

Channel 0 of SAUO

Channel 1 of SAUO

Channel 2 of SAUO

Channel 0 of SAU1

Pins used

SCKO00, S100

SCKo1, Slo1

SCK10, SI10

SCK20, SI20

Interrupt

INTCSI00

INTCSIO1

INTCSI10

INTCSI20

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error detection flag Overrun error detection flag (OVFmn) only

Transfer data length 7 or 8 bits

Transfer rate Max. fuck/6 [Hz]"*"**"*

Data phase Selectable by DAPmn bit

o DAPmn = 0: Data input starts from the start of the operation of the serial clock.

o DAPmn = 1: Data input starts half a clock before the start of the serial clock operation.
Clock phase Selectable by CKPmn bit

e CKPmn = 0: Forward
e CKPmn = 1: Reverse

Data direction MSB or LSB first

Notes 1. Because the external serial clock input to pins SCK00, SCK01, SCK10, and SCK20 is sampled internally
and used, the fastest transfer rate is fuck/6 [Hz].
2. Use this operation within a range that satisfies the conditions above and the AC characteristics in the
electrical specifications (see CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD
PRODUCTS) and CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remarks 1. fuck: Operation clock (MCK) frequency of target channel

2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2)
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(1) Register setting

Figure 12-56. Example of Contents of Registers for Slave Reception of 3-Wire Serial /0
(Csloo, Cslo1, CSI10, CSI20)

(a) Serial output register m (SOm) ...The register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm2|CKOm1 |CKOmO SOm2 | SOm1 | SOmo
0 0 0 0 1 x X X 0 0 0 0 1 x X X

<R> (b) Serial output enable register m (SOEm) ...The register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm2|SOEm1|SOEm0
0 0 0 0 0 0 0 0 0 0 0 0 0 X X x

(c) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 X 0/1 | 0/1 | O

(d) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SISmnO)
0

MDmn2{MDmn1 [MDmn0O

0 0 0
[

Interrupt sources of channel n

SMRmn |cksmn
01

CCSmn| STSmn
1 0 0 0 0 0 0 0

1 0 0

0: Transfer end interrupt

(e) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DLSmn2(DLSmn1

0 1 1

DLSmnO|

01

SCRmMn  [[TxEmn|RXEmn
0 1

DAPmn|CKPmn EOCmn|PTCmn1 [PTCmnOJf DIRMn SLCmn1|{SLCmnO

01|01 | 0 0 0 0 |fo1| O 0 0

(f) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn 0000000
(baud rate setting) 0 Receive data register

SIOp

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
@: Setting is fixed in the CSI slave reception mode, [ ]: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 12-57. Initial Setting Procedure for Slave Reception

<Starting initial settings>

Setting PERO register

Release the serial array unit from the

reset status and start clock supply.

Setting SPSm register Set the operation clock.
Setting SMRmn register Set an operation mode, etc.
Setting SCRmn register Set a communication format.

Set bits 15 to 9 to 0000000B for baud

Setting SDRmn register )
rate setting.

Enable data input and clock input of the

Setting port target channel by setting a port register

and a port mode register.

Set the SSmn bit of the target channel to

Writing to SSm register
1 to set SEmn = 1.

<Starting communicatioD Wait for a clock from the master.

Caution After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
have elapsed.

Figure 12-58. Procedure for Stopping Slave Reception

<Starting setting to stoD

Setting STm register

Write 1 to the STmn bit of the target
channel.

@Opping communicaticD Stop communication in midway.
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<R>

(Essential)

(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

Figure 12-59. Procedure for Resuming Slave Reception

@aning setting for resumpticD

Manipulating target for communication

Port manipulation

Changing setting of SPSm register

Changing setting of SMRmn register

Changing setting of SCRmn register

Clearing error flag

Port manipulation

Writing to SSm register

G‘,tarting communicatioD

Stop the target for communication or wait
until the target completes its operation.

Disable clock output of the target
channel by setting a port register and a
port mode register.

Change the setting if an incorrect division
ratio of the operation clock is set.

Change the setting if the setting of the
SMRmn register is incorrect.

Change the setting if the setting of the
SCRmn register is incorrect.

Cleared by using SIRmn register if FEF,
PEF, or OVF flag remains set.

Enable clock output of the target channel
by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to
1toset SEmn=1.

Wait for a clock from the master.
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(3) Processing flow (in single-reception mode)

SSmn

Figure 12-60. Timing Chart of Slave Reception (in Single-Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

STmn ﬂ
SEmn |
I Receive data 3
SDRmn Receive data 1 Receive data 2 X!
I
ARead A Read Read A
SCKp pin
Slp pin Receive data 1 Receive data 2 Receive data 3
Shift —r—r—r—— ——r——— —————
register mn Y Bgoepfion, & shift operafion X XResepicn & shif operatioy ¥ Regeptich &Shift dpetgtion
INTCSIp
Data reception (8-bit length) Data reception (8-bit length) Data reception (8-bit length)
TSFmn

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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Figure 12-61. Flowchart of Slave Reception (in Single-Reception Mode)

<Star1ing Csl communicatioD

Setting SAU1EN and SAUOEN
bits of PERO register to 1

Setting transfer rate by
SPSm register

SMRmn, SCRmn: Setting communication Perform initial setting when SEmn = 0.
<R> SDRmnN[15:9]: Setting 00000008

Port manipulation ‘

Writing 1 to SSmn bit

<
<«

‘ Starting reception ‘

&
<«

Transfer end interrupt No
generated?

Yes

Reading
SIOp (=SDRmnN[7:0])
register

No

Reception completed?

Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN
bits of PERO register to 0

<End of communicatioD

Caution  After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
have elapsed.
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12.5.6 Slave transmission/reception

Slave transmission/reception is that the 78KOR/KF3 transmits/receives data to/from another device in the state of a

transfer clock being input from another device.

3-Wire Serial I/O

CSloo

CSlo1

CSI10

CSI20

Target channel

Channel 0 of SAUO

Channel 1 of SAUO

Channel 2 of SAUO

Channel 0 of SAU1

Pins used

SCKO00, S100, SO00

SCKO01, Sl01, SO01

SCK10, SI10, SO10

SCK20, S120, SO20

Interrupt

INTCSI00

INTCSIO1

INTCSI10

INTCSI20

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode)
can be selected.

Error detection flag

Overrun error detection flag (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate

Max. fuck/6 [Hz]""?

Data phase Selectable by DAPmn bit

o DAPmn = 0: Data I/O starts from the start of the operation of the serial clock.

o DAPmn = 1: Data I/O starts half a clock before the start of the serial clock operation.
Clock phase Selectable by CKPmn bit

e CKPmn = 0: Forward
e CKPmn = 1: Reverse

Data direction

MSB or LSB first

Notes 1. Because the external serial clock input to pins SCK00, SCK01, SCK10, and SCK20 is sampled internally
and used, the fastest transfer rate is fuck/6 [Hz].
2. Use this operation within a range that satisfies the conditions above and the AC characteristics in the

electrical

specifications (see CHAPTER 28

ELECTRICAL SPECIFICATIONS (STANDARD

PRODUCTS) and CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remarks 1. fuck: Operation clock (MCK) frequency of target channel

2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2)
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(1) Register setting

Figure 12-62. Example of Contents of Registers for Slave Transmission/Reception of 3-Wire Serial I/O
(Csloo, Cslo1, CSI10, CSI20)

(a) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm2|CKOm1 |CKOmO SOm2 | SOm1 | SOmo
0 0 0 0 1 X X X 0 0 0 0 1 0/1 | 0/1 | ON

(b) Serial output enable register m (SOEm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm2|SOEm1|SOEm0
0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 | 01 | 0/1

(c) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 X 0/1 | 0/1 | O

(d) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMBmn |cksmn
01

CCSmn STSmn
1 0 0 0 0 0 0 0

SISmnO) MDmn2{MDmn1

0 0

MDmnO
0/1

Interrupt sources of channel n
0: Transfer end interrupt
1: Buffer empty interrupt

1 0 0

(e) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmMn  [[TXEmn|RXEmn
1 1

DAPmn|CKPmn EOCmn|PTCmn1 [PTCmnO]| DIRmMn SLCmn1{SLCmnO

01|01 | 0 0 0 0o o1} O 0 0

DLSmn2(DLSmn1

0 1 1

DLSmn0

01

(f) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn 0000000
(baud rate setting) 0 Transmit data setting/receive data register

SIOp

<R> Caution Be sure to set transmit data to the SIOp register before the clock from the master is started.

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
@ : Setting is fixed in the CSI slave transmission/reception mode, [_]: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 12-63. Initial Setting Procedure for Slave Transmission/Reception

<Star1ing initial setting>

Setting PERO register

Release the serial array unit from the

reset status and start clock supply.

Setting SPSm register Set the operation clock.
Setting SMRmn register Set an operation mode, etc.
Setting SCRmn register Set a communication format.

Set bits 15 to 9 to 0000000B for baud

Setting SDRmn register .
rate setting.

. . Manipulate the SOmn bit and set an
Setting SOm register o
initial output level.

Set the SOEmn bit to 1 and enable data
output of the target channel.

Changing setting of SOEm register

Enable data output of the target channel

Setting port by setting a port register and a port

mode register.

Set the SSmn bit of the target channel to
1 to set SEmn = 1.

Writing to SSm register

Set transmit data to the SIOp register

<Starting communicatioD (bits 7 to 0 of the SDRmn register) and
wait for a clock from the master.

Cautions 1. After setting the PERO register to 1, be sure to set the SPSm register after 4 or more
clocks have elapsed.
<R> 2. Be sure to set transmit data to the SIOp register before the clock from the master is
started.
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Figure 12-64. Procedure for Stopping Slave Transmission/Reception

(Starting setting to stoD

Setting STm register

Write 1 to the STmn bit of the target

\ channel.
Changing setting of SOEm Set the SOEm register and stop the
regl\ster output of the target channel.
@opping communicatioD Stop communication in midway.

Remark Even after communication is stopped, the pin level is retained. To resume the operation, re-set the
SOm register (see Figure 12-65 Procedure for Resuming Slave Transmission/Reception).
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Figure 12-65. Procedure for Resuming Slave Transmission/Reception

@aning setting for resumpticD

Stop the target for communication or wait
E tial Manipulating target for communication
(Essential) until the target completes its operation.
Disable data output of the target channel
(Essential) Port manipulation by setting a port register and a port
mode register.
) ] ) Change the setting if an incorrect division
Selecti Changing setting of SPSm register
(Selective) ratio of the operation clock is set.
<R> .
) ] ) Change the setting if the setting of the
Selecti Changing setting of SMRmn register
(Selective) SMRmn register is incorrect.
] ) ) Change the setting if the setting of the
(Selective) Changing setting of SCRmn register
SCRmn register is incorrect.
Cleari i Cleared by using SIRmn register if FEF,
; ring error
(Selective) earing erortiad PEF, or OVF flag remains set.
) ) ) Set the SOEm register and stop the
(Selective) | Changing setting of SOEm register
output of the target channel.
Changing setting of SO register Manipulate the SOmn bit and set an
(Selective) initial output level.
] ) ) Set the SOEm register and enable the
Selecti Changing setting of SOEm register
(Selective) output of the target channel.
\ Enable data output of the target channel
(Essential) Port manipulation by setting a port register and a port mode
register.
Set the SSmn bit of the target channel to
(Essential) Writing to SSm register 1 to set SEmn = 1.
\ Set transmit data to the SIOp register
(Essential) Starting communication (bits 7 to 0 of the SDRmn register) and
’ wait for a clock from the master.
(Essential) Qaning target for communicati@ Start the target for communication.
<R> Caution Be sure to set transmit data to the SIOp register before the clock from the master is started.
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(3) Processing flow (in single-transmission/reception mode)

Figure 12-66. Timing Chart of Slave Transmission/Reception (in Single-Transmission/Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn |_|_
SEmn ]
Receive data 1 Receive data 2 Receive data 34
SDRmn Transmit data 1 Transmit data 2 Transmit data 3 X
AN Write Write Write |
Read A
SCKp pin
Slp pin Receive data 1 Receive data 2 Receive data 3
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
INTCSIp
Data transmission/reception (8-bit length) Data transmission/reception (8-bit length) Data transmission/reception (8-bit length)
TSFmn

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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Figure 12-67. Flowchart of Slave Transmission/Reception (in Single- Transmission/Reception Mode)

<Starting CSl communicaticD

Setting SAU1EN and SAUOEN
bits of PERO register to 1

Setting transfer rate by
SPSm register

SMRmn, SCRmn: Setting communication

<R> SDRmnN[15:9]: Setting 00000008 Perform initial setting when SEmn = 0.

SOm, SOEm: Setting output

Port manipulation ‘

Writing 1 to SSmn bit

‘A
[«

Writing transmit data to
SIOp (=SDRmn[7:0])

‘ Starting transmission/reception

<
<«

Transfer end interrupt No
generated?

Yes

Reading
SIOp (=SDRmn[7:0])
register

No

Transmission/reception
completed?

Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN
bits of PERO register to 0

<End of communicatiorD

After setting the PERO register to 1, be sure to set the SPSm register after 4 or more
clocks have elapsed.

Be sure to set transmit data to the SIOp register before the clock from the master is
started.

Cautions 1.

<R> 2,

432 User's Manual U17893EJ8VOUD



CHAPTER 12 SERIAL ARRAY UNIT

(4) Processing flow (in continuous transmission/reception mode)

Figure 12-68. Timing Chart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode)

(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn
SEmn
— Receive data 37
SDRmn Transmit data 1]k Transmit data 2 )X Receive data 1) Transmit data 3 X Receive data 2 '
AWrite AMNWrite AWrite
ARead ARead Read A
SCKp pin LML L L Trupuuy
Slp pin Receive data 1 Receive data 2 Receive data 3
register mn (O Fseption & shift opératicn XXX ecertion & shit operalon X XX Recention ¥ shi{opkratisn X
SOp pin Transmit data 1 X Transmit data 2 Transmit data 3
INTCSIp Il
Data transmission/reception (8-bit length) | Data transmission/reception (8-bit length) | Data transmission/reception (8-bit length)
MDmnO
TSFmn
BFFmn
<1> <2><3> <2> <3> <4><2> <3> <4> <5> <6><7><8>
(Note 1) (Note 2) (Note 2)

Notes 1. When transmit data is written to the SDRmn register while BFFmn

Caution

overwritten.

1, the transmit data is

The transmit data can be read by reading the SDRmn register during this period. At this time, the

transfer operation is not affected.

The MDmnO bit can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started, so that it will be rewritten before
the transfer end interrupt of the last transmit data.

Remarks 1. <1> to <8> in the figure correspond to <1> to <8> in Figure 12-69 Flowchart of Slave
Transmission/Reception (in Continuous Transmission/Reception Mode).
2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2), p: CSI number (p = 00, 01, 10, 20)
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Figure 12-69. Flowchart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode)

Starting CSI communication

Setting SAU1EN and SAUOEN
bits of PERO register to 1

Setting transfer rate by

SPSm register

SMRmn, SCRmn: Setting communication
<R> SDRMN[15:9]: Setting 00000008 Perform initial setting when SEmn = 0.
SOm, SOEm: Setting output <1> Select the buffer empty interrupt.

‘ Port manipulation ‘

‘ Writing 1 to SSmn bit ‘

» |
g

I
Writing transmit data to

SIOp (=SDRmN[7:0])

<&
<

<2>

le
<

No
Buffer empty interrupt
generated?

Yes

Reading receive data to
SIOp (=SDRmn[7:0])

- Y
Communication data
exists?

No

<4>

L

Reading receive data to
SIOp (=SDRmn[7:0])

S
Communication continued?
No

Writing 1 to STmn bit

I
Clearing SAU1EN and SAUOEN

bits of PERO register to 0

End of communication

Cautions 1. After setting the PERO register to 1, be sure to set the SPSm register after 4 or more

clocks have elapsed.
<R> 2. Be sure to set transmit data to the SIOp register before the clock from the master is

started.
Remark <1> to <8> in the figure correspond to <1> to <8> in Figure 12-68 Timing Chart of Slave

Transmission/Reception (in Continuous Transmission/Reception Mode).

Writing 1 to MDmnO bit

<8>
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12.5.7 Calculating transfer clock frequency
The transfer clock frequency for 3-wire serial I/O (CSI00, CSI01, CSI10, CSI20) communication can be calculated
by the following expressions.

(1) Master

‘ (Transfer clock frequency) = {Operation clock (MCK) frequency of target channel} + (SDRmn[15:9] + 1) + 2 [HZ]

(2) Slave

(Transfer clock frequency) = {Frequency of serial clock (SCK) supplied by master}"™® [Hz]

Note The permissible maximum transfer clock frequency is fuck/6.

Remarks 1. The value of SDRmn[15:9] is the value of bits 15 to 9 of the SDRmn register (0000000B to
1111111B) and therefore is 0 to 127.

2. m: Unit number (m =0, 1), n: Channel number (n = 0 to 2)

The operation clock (MCK) is determined by serial clock select register m (SPSm) and bit 15 (CKSmn) of serial
mode register mn (SMRmn).
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Table 12-2. Selection of operation clock

SMRmn SPSm Register Operation Clock (MCK)"*'
Register
CKSmn | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS fork= 20 MHz
mi3 | m12 | m11 | m10 | mO3 | m02 | mO1 | mOO
0 X X X X 0 0 0 | fo 20 MHz
X 0 0 0 1 foLk/2 10 MHz
X X X X 0 0 1 0 | fow/2? 5 MHz
X X X X 0 0 1 1 fok/2° 2.5 MHz
X X X X 0 1 0 0 | fow/2* 1.25 MHz
X X X X 0 1 0 1 fok/2° 625 kHz
X X X X 0 1 1 0 | fow2® 313 kHz
X X X X 0 1 1 1 fok/2’ 156 kHz
X X X X 1 0 0 0 | fow/2® 78.1 kHz
X X X X 1 0 0 1 fork/2° 39.1 kHz
X X X X 1 0 1 0 | fow2” 19.5 kHz
X X X X 1 0 1 1 fok/2" 9.77 kHz
X X X X 1 1 1 1 INTTMO2 if m =0,
INTTMO3 if m = 1"
1 0 0 0 0 X X X X | fo 20 MHz
0 0 0 1 X X X X | fow/2 10 MHz
0 0 1 0 X X X X | fow/2® 5 MHz
0 0 1 1 X X X X | fow/2® 2.5 MHz
0 1 0 0 X X X X | fow/2* 1.25 MHz
0 1 0 1 X X X X | fow/2® 625 kHz
0 1 1 0 X X X X | fow/2® 313 kHz
0 1 1 1 X X X X | fow/2 156 kHz
1 0 0 0 X X X X | fow/2® 78.1 kHz
1 0 0 1 X X X X | fow/2’ 39.1 kHz
1 0 1 0 X X X X | fow/2"® 19.5 kHz
1 0 1 1 X X X X | fow/2" 9.77 kHz
1 1 1 1 X X X X | INTTMO2if m =0,
INTTMO3 if m = 1"
Other than above Setting prohibited

Notes 1. When changing the clock selected for fcik (by changing the system clock control register (CKC)
value), do so after having stopped (STm = 000FH) the operation of the serial array unit (SAU).
When selecting INTTM02 and INTTMOS3 for the operation clock, also stop the timer array unit (TAU)
(TTO = OOFFH).

2. SAU can be operated at a fixed division ratio of the subsystem clock, regardless of the fcik
frequency (main system clock, subsystem clock), by operating the interval timer for which fsus/4
has been selected as the count clock (setting TIS02 (if m = 0) or TIS03 (if m = 1) of the TISO
register to 1) and selecting INTTMO02 and INTTMO3 by using the SPSm register in channels 2 and
3 of TAU. When changing fck, however, SAU and TAU must be stopped as described in Note 1
above.

Remarks 1. X: Don't care
2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 2)
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12.5.8 Procedure for processing errors that occurred during 3-wire serial /0 (CSI00, CSI01, CSI10, CSI20)
communication
The procedure for processing errors that occurred during 3-wire serial /O (CSI00, CSI01, CSI10, CSI20)
communication is described in Figure 12-70.

Figure 12-70. Processing Procedure in Case of Overrun Error

Software Manipulation Hardware Status Remark
Reads serial data SDRmn register. —® The BFF = 0, and channel n is enabled This is to prevent an overrun error if the
to receive data. next reception is completed during error
processing.
Reads SSRmn register. Error type is identified and the read

value is used to clear error flag.

Writes SIRmn register ——————————® Error flag is cleared. Only error generated at the point of
reading can be cleared, by writing the
value read from the SSRmn register to
the SIRmn register without modification.

Remark m: Unit number (m =0, 1), n: Channel number (n = 0 to 2), mn = 00 to 02, 10
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12.6 Operation of UART (UARTO0, UART1, UART2, UART3) Communication

This is a start-stop synchronization function using two lines: serial data transmission (TxD) and serial data
reception (RxD) lines. It transmits or receives data in asynchronization with the party of communication (by using an
internal baud rate). Full-duplex UART communication can be realized by using two channels, one dedicated to
transmission (even channel) and the other to reception (odd channel).

[Data transmission/reception]

Data length of 5, 7, or 8 bits
Select the MSB/LSB first
Level setting of transmit/receive data and select of reverse

Parity bit appending and parity check functions

Stop bit appending
[Interrupt function]

e Transfer end interrupt/buffer empty interrupt

e Error interrupt in case of framing error, parity error, or overrun error
[Error detection flag]

e Framing error, parity error, or overrun error

The LIN-bus is supported in UART3 (2, 3 channels of unit 1)
[LIN-bus functions]
o Wakeup signal detection

External interrupt (INTPO) or timer array unit (TAU) is
¢ Sync break field (SBF) detection Pt ( ) y (TAV)

¢ Sync field measurement, baud rate calculation used.
UARTO uses channels 0 and 1 of SAUO.
UART1 uses channels 2 and 3 of SAUO.
UART2 uses channels 0 and 1 of SAU1.
UART3 uses channels 2 and 3 of SAU1.
Unit Channel Used as CSI Used as UART Used as Simplified ’c
0 0 CSI00 -
1 CSI01 -
2 Csl10 lc1o
3 - _
1 0 CSI20 1IC20
1 _ _
2 - _
3 - _

Caution When using serial array units 0 and 1 as UARTS, the channels of both the transmitting side (even-
number channel) and the receiving side (odd-number channel) can be used only as UARTSs.

UART performs the following four types of communication operations.
¢ UART transmission (See 12.6.1.)
o UART reception (See 12.6.2.)
e LIN transmission (UART3 only) (See 12.6.3.)
¢ LIN reception (UART 3 only) (See 12.6.4.)
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12.6.1 UART transmission
UART transmission is an operation to transmit data from the 78KOR/KF3 to another device asynchronously (start-

stop synchronization).

Of two channels used for UART, the even channel is used for UART transmission.

UART

UARTO

UART1

UART2

UART3

Target channel

Channel 0 of SAUO

Channel 2 of SAUO

Channel 0 of SAU1

Channel 2 of SAU1

Pins used

TxDO

TxD1

TxD2

TxD3

Interrupt

INTSTO

INTSTH

INTST2

INTST3

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode)
can be selected.

Error detection flag

None

Transfer data length

5, 7, or 8 bits

Transfer rate

Max. fuck/6 [bps] (SDRmn [15:9] = 2 or more), Min. foux/(2 x 2" x 128) [bps] "

Data phase

Forward output (default: high level)
Reverse output (default: low level)

Parity bit

The following selectable
e No parity bit

e Appending 0 parity

e Appending even parity
e Appending odd parity

Stop bit

The following selectable
e Appending 1 bit
e Appending 2 bits

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the AC characteristics in the electrical

specifications (see CHAPTER 28

ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and

CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remarks 1. fuck: Operation clock (MCK) frequency of target channel

fcik: System clock frequency

2. m: Unit number (m =0, 1), n: Channel number (n =0, 2)
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(1) Register setting

Figure 12-71. Example of Contents of Registers for UART Transmission of UART
(UARTO, UART1, UART2, UART3) (1/2)

(a) Serial output register m (SOm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm2|CKOm1|CKOmO SOm2 | SOm1 [ somo
0 0 0 0 1 X X X 0 0 0 0 1 (0™ x |O/™™

(b) Serial output enable register m (SOEm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm2|SOEm1|SOEm0
0 0 0 0 0 0 0 0 0 0 0 0 0 01 X 0/1

(c) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 X 0/1 X 01

(d) Serial output level register m (SOLm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOLm SOLm2 SOLmO
0 0 0 0 0 0 0 0 0 0 0 0 0 0N 0 01
]

0: Forward (normal) transmission
1: Reverse transmission

(e) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MDmnO
(V4]

Interrupt sources of channel n
0: Transfer end interrupt
1: Buffer empty interrupt

MDmn2|MDmn1
0 1

SMRmMn |cksSmn|
01

SISmnO)
0

CCSmn STSmn

0 0 0 0 0 0 0 0

Note Before transmission is started, be sure to set to 1 when the SOLmn bit of the target channel is set to 0,
and set to 0 when the SOLmn bit of the target channel is set to 1. The value varies depending on the
communication data during communication operation.

Remark m: Unit number (m =0, 1), n: Channel number (n = 0, 2), g: UART number (q = 0 to 3)
D: Setting is fixed in the UART transmission mode, [_] : Setting disabled (fixed by hardware)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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Figure 12-71. Example of Contents of Registers for UART Transmission of UART
(UARTO, UART1, UART2, UART3) (2/2)

(f) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmnN  [[TXEmn|RXEmn [ DAPmN | CKPmn EOCmn|[PTCmn1 |[PTCmnO| DIRMN SLCmn1|SLCmMnO DLSmn2}[DLSmN1 | DLSMNO
1 0 0 0 0 0 0/1 | 0/1 | 0/1 0 0/1 | 01 0 1 0/1 | 0/1
Setting of parity bit L Setting of stop bit
00B: No parity 01B: Appending 1 bit
01B: 0 parity 10B: Appending 2 bits

10B: Even parity
11B: Odd parity

(g) Serial data register mn (SDRmn) (lower 8 bits: TXDq)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn

Baud rate setting 0 Transmit data setting

TXDq

Remark m: Unit number (m =0, 1), n: Channel number (n =0, 2), g: UART number (q = 0 to 3)
@: Setting is fixed in the UART transmission mode, [ ] : Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

442

Caution

Figure 12-72. Initial Setting Procedure for UART Transmission

<Starting initial setting>

Setting PERO register

Setting SPSm register

Setting SMRmn register

Setting SCRmn register

Setting SDRmn register

Changing setting of SOLm register

Setting SOm register

Changing setting of SOEm register

Setting port

Writing to SSm register

<Starting communicatioD

Release the serial array unit from the
reset status and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate.

Set an output data level.

Manipulate the SOmn bit and set an
initial output level.

Set the SOEmn bit to 1 and enable data
output of the target channel.

Enable data output of the target channel
by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to
1to set SEmn =1.

Set transmit data to the TXDq register (bits
7 to 0 of the SDRmn register) and start
communication.

After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks

have elapsed.
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Figure 12-73. Procedure for Stopping UART Transmission

(Starting setting to stoD

] ] Write 1 to the STmn bit of the target
Setting STm register
channel.
Changing setting of SOEm Set the SOEmn bit to 0 and stop the
register output.
<Stopping communicatioD Stop communication in midway.

Remark Even after communication is stopped, the pin level is retained. To resume the operation, re-set the
SOm register (see Figure 12-74 Procedure for Resuming UART Transmission).
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(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

(Essential)

(Essential)

(Essential)

Figure 12-74. Procedure for Resuming UART Transmission

<Starting setting for resumpticD

Port manipulation

Changing setting of SPSm register

Changing setting

of SDRm register

Changing setting

of SMRmn register

Changing setting

of SCRmn register

Changing setting

of SOLmn register

Changing setting

of SOEm register

Changing setting of SOm register

Changing setting

of SOEm register

Port manipulation

Writing to SSm register

<Starting communicatioD

Disable data output of the target channel
by setting a port register and a port mode
register.

Change the setting if an incorrect division
ratio of the operation clock is set.

Change the setting if an incorrect
transfer baud rate is set.

Change the setting if the setting of the
SMRmn register is incorrect.

Change the setting if the setting of the
SCRmn register is incorrect.

Change the setting if the setting of the
SOLmn register is incorrect.

Clear the SOEmn bit to 0 and stop
output.

Manipulate the SOmn bit and set an
initial output level.

Set the SOEmn bit to 1 and enable
output.

Enable data output of the target channel
by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to
1to set SEmn =1.

Sets transmit data to the TXDq register
(bits 7 to 0 of the SDRmn register) and
start communication.
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(3) Processing flow (in single-transmission mode)

Figure 12-75. Timing Chart of UART Transmission (in Single-Transmission Mode)

SSmn

STmn HL

SEmn
SDRmn Transmit data 1 Transmit data 2 Transmit data 3

TxDq pin ST/ Transmit data 1 XP/sp ST/ Transmit data 2 XP/sP ST/ Transmit data 3 YP/sP)
INTSTq '|
Data transmission (7-bit length) Data transmission (7-bit length) Data transmission (7-bit length)
TSFmn
Remark m: Unit number (m =0, 1), n: Channel number (n =0, 2), g: UART number (q = 0 to 3)
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Figure 12-76. Flowchart of UART Transmission (in Single-Transmission Mode)

éaning UART communicati(D

Setting SAU1EN and SAUOEN

bits of PERO register to 1

|

Setting operation clock by

SPSm register

SMRmn, SCRmn: Setting communication

SDRmn[15:9]: Setting transfer rate

Perf initial setti h Emn =0.
SOLmn: Setting output data level erform initial setting when SEmn = 0
SOm, SOEm: Setting output

Port manipulation

Writing 1 to SSmn bit

le

Writing transmit data to
TXDq (=SDRmn[7:0])

A
<

No

Transfer end interrupt
generated?

Transmission completed?

Yes

Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN
bits of PERO register to 0

<End of communication>

Caution  After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
have elapsed.
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(4) Processing flow (in continuous transmission mode)

Figure 12-77. Timing Chart of UART Transmission (in Continuous Transmission Mode)

SSmn
STmn ﬂx_
SEmn |
SDRmn Transmit data 1 Transmit data 2 Transmit data 3
TxDq pin ST/ Transmit data 1 YP/sP\ST/  Transmit data 2 XP /sP\ST/ _ Transmit data 3 Yp /sP

Shift

I_\I_L ~— ~/sre
register mn Shift oEeratlonx x x DDCXShm operation x x Shift oeera@X:X:X:X

INTSTq

Data transmission (7-bit length) Data transmission (7-bit length) Data transmission (7-bit length)
MDmnO
TSFmn
BFFmn
<1> <2><3> <2> <3> <2> <3> <4> <5> <6>

(Note)
Note When transmit data is written to the SDRmn register while BFFmn = 1, the transmit data is overwritten.
Caution The MDmnO bit can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started, so that it has been rewritten

before the transfer end interrupt of the last transmit data.

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0, 2), g: UART number (q = 0 to 3)
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Figure 12-78. Flowchart of UART Transmission (in Continuous Transmission Mode)

Starting UART communication

Setting SAUTEN and SAUOEN
bits of PERO register to 1

Setting operation clock by

SPSm register

SMRmn, SCRmn: Setting communication

Perform initial setting when SEmn = 0.

SDRmn[15:9]: Setting transfer rate
SOLmn: Setting output data level <1> Select the buffer empty interrupt.
SOm, SOEm: Setting output

‘ Port manipulation ‘

‘ Writing 1 to SSmn bit ‘

&
<

Writing transmit data to
TXDgq (=SDRmn[7:0])

<2>

<
<

Buffer empty interrupt
generated?

<3>
Ye
Transmitting next data?

No

‘ Clearing 0 to MDmnO bit | <4>

L —

Yes

<
<
) N
Transfer end interrupt
generated?
I

Yes <5>

Writing 1 to MDmnO bit

Caution

Remark

>
Communication continued?
No

<6>

‘ Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN
bits of PERO register to 0

End of communication

After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
have elapsed.

<1> to <6> in the figure correspond to <1> to <6> in Figure 12-77 Timing Chart of UART
Transmission (in Continuous Transmission Mode).
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12.6.2 UART reception

UART reception is an operation wherein the 78 KOR/KF3 asynchronously receives data from another device (start-
stop synchronization).

For UART reception, the odd-number channel of the two channels used for UART is used. The SMR register of
both the odd- and even-numbered channels must be set.

UART

UARTO

UART1

UART2

UART3

Target channel

Channel 1 of SAUO

Channel 3 of SAUO

Channel 1 of SAU1

Channel 3 of SAU1

Pins used RxDO RxD1 RxD2 RxD3

Interrupt INTSRO INTSR1 INTSR2 INTSR3
Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error interrupt INTSREO INTSRET INTSRE2 INTSRE3

Error detection flag

e Framing error detection flag (FEFmn)
o Parity error detection flag (PEFmn)
e Overrun error detection flag (OVFmn)

Transfer data length

5, 7 or 8 bits

Transfer rate

Max. fuex/6 [bps] (SDRmn [15:9] = 2 or more), Min. fck/(2 x 2" x 128) [bps] "

Data phase

Forward output (default: high level)
Reverse output (default: low level)

Parity bit

The following selectable

o No parity bit (no parity check)

e Appending 0 parity (no parity check)
e Appending even parity

e Appending odd parity

Stop bit

Appending 1 bit

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the AC characteristics in the electrical

specifications (see CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and
CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remarks 1. fuck: Operation clock (MCK) frequency of target channel
fcik:  System clock frequency
2. m: Unit number (m =0, 1), n: Channel number (n =1, 3)
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(1) Register setting

Figure 12-79. Example of Contents of Registers for UART Reception of UART
(UARTO, UART1, UART2, UART3) (1/2)

(a) Serial output register m (SOm) ...The register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOm CKOm2 [CKOm1|CKOmO SOm2 | SOm1 | SOmo
0 0 0 0 1 X X X 0 0 0 0 1 X X X
<R> (b) Serial output enable register m (SOEm) ...The register that not used in this mode.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SOEm SOEm2|SOEm1[SOEm0
0 0 0 0 0 0 0 0 0 0 0 0 0 X x x
(c) Serial channel start register m (SSm) ... Sets only the bits of the target channel is 1.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SSm SSm3 | SSm2 | SSm1 [ SSmo
0 0 0 0 0 0 0 0 0 0 0 0 | 0N x | 01 x
(d) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmn Jcksmn|fccsmn STSmn SISmno MDmN2 | MDmn1 [ MDmnO
0N 0 0 0 0 0 0 1 0 | on 1 0 0 0 1 0
I
0: Forward (normal) reception Interrupt sources of channel n
1: Reverse reception .
0: Transfer end interrupt
(e) Serial mode register mr (SMRmr)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmr | cksmrflccsmr STSmr SISmro MDmr2 | MDmr1 ||MDmro
0/1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0/1

(f) Serial communication operation setting register mn (SCRmn)

Same setting value as CKSmn

Interrupt sources of channel r

0: Transfer end interrupt

1: Buffer empty interrupt

SCRmn

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TXEmn | RXEmn | DAPmn | CKPmn EOCMNJIPTCmn1 [PTCmnO | DIRMn SLCmn1 [ SLCmnO| DLSmn2}|DLSmn1|DLSmMn0
0 1 0 0 0 1 0/1 | 01 | 0/ 0 0 1 0 1 0/1 | 0/

450

Caution For the UART reception, be sure to set SMRmr of channel r that is to be paired with channel n.

Remark m: Unit number (m = 0, 1), n: Channel number (n = 1, 3), r: Channel number (r=n - 1),
q: UART number (g = 0to 3)
@: Setting is fixed in the UART reception mode, [ ] : Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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Figure 12-79. Example of Contents of Registers for UART Reception of UART
(UARTO, UART1, UART2, UART3) (2/2)

(g) Serial data register mn (SDRmn) (lower 8 bits: RXDq)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn

Baud rate setting 0 Receive data register

RXDq

Caution For the UART reception, be sure to set SMRmr of channel r that is to be paired with channel
n.

Remark m: Unit number (m =0, 1), n: Channel number (n = 1, 3), r: Channel number (r=n - 1),

g: UART number (q =0to 3)
[]: Setting disabled (set to the initial value)
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(2) Operation procedure
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Figure 12-80. Initial Setting Procedure for UART Reception

< Starting initial setting >

Setting PERO register

Release the serial array unit from the

reset status and start clock supply.

Setting SPSM register Set the operation clock.

Setting SMRmn and SMRmr registers Setan operation mode, etc.

Setting SCRmn register Set a communication format.

Setting SDRmN register Set a transfer baud rate.

Set the SSmn bit of the target channel to
1toset SEmn=1.

! - The start bit is detected.
Starting communication

Writing to SSm register

Caution  After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
have elapsed.

Figure 12-81. Procedure for Stopping UART Reception

<Starting setting to stop>

Setting STm register

Write 1 to the STmn bit of the target
channel.

@opping communicatioD Stop communication in midway.
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(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

Figure 12-82. Procedure for Resuming UART Reception

@aning setting for resumpti@

Manipulating target for communication

Changing setting of SPSm register

Changing setting of SDRmn register

Changing setting of SMRmn

and SMRmr registers

Changing setting of SCRmn register

Clearing error flag

Writing to SSm register

<Starting communicatioD

Stop the target for communication or wait
until the target completes its operation.

Change the setting if an incorrect division
ratio of the operation clock is set.

Change the setting if an incorrect
transfer baud rate is set.

Change the setting if the setting of the
SMRmn and SMRmr registers is incorrect.

Change the setting if the setting of the
SCRmn register is incorrect.

Cleared by using SIRmn register if FEF,
PEF, or OVF flag remains set.

Set the SSmn bit of the target channel to
1to set SEmn=1.

The start bit is detected.
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(3) Processing flow

Figure 12-83. Timing Chart of UART Reception

SSmn

STmn []

SEmn ]

Receive data 3 —\
SDRmn Receive data 1 Receive data 2
RxDq pin ST/ Receive data 1 X P /sp ST/ Receive data 2 XpP /SP ST/ Receive data 3 XP /sp
Shift — - —r—r ——
INTSRq
Data reception (7-bit length) Data reception (7-bit length) Data reception (7-bit length)

TSFmn

Remark m: Unit number (m = 0, 1), n: Channel number (n = 1, 3), g: UART number (q = 0 to 3)

454
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Figure 12-84. Flowchart of UART Reception

éaning UART communicati(D

Setting SAUTEN and SAUOEN
bits of PERO register to 1

|

Setting transfer rate by

SPSm register

SMRmn, SMRmr, SCRmn: Setting communication Perform initial setting when

<R>
SDRmnN[15:9]: Setting transfer rate SEmn = 0.

Port manipulation

Writing 1 to SSmn bit

o
l

Detecting start bit

Starting reception

>l
Il

Transfer end interrupt
generated?
Error interrupt generated?

Yes
Reading RXDq register
(SDRmn[7:0]) Error processing
i ?
@completed _ No

Yes

Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN
bits of PERO register to 0

@d of UART communicati@

Caution After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks

have elapsed.
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12.6.3 LIN transmission
Of UART transmission, UART3 supports LIN communication.
For LIN transmission, channel 2 of unit 1 (SAU1) is used.

UART UARTO UART1 UART2 UART3
Support of LIN communication | Not supported Not supported Not supported Supported
Target channel - - - Channel 2 of SAU1
Pins used - - - TxD3
Interrupt - - - INTST3

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer
mode) can be selected.

Error detection flag None

Transfer data length 8 bits

Transfer rate Max. fuck/6 [bps] (SDR12 [15:9] = 2 or more), Min. fow/(2 x 2'" x 128) [bps] "
Data phase Forward output (default: high level)

Reverse output (default: low level)

Parity bit The following selectable

o No parity bit

o Appending 0 parity

o Appending even parity
o Appending odd parity

Stop bit The following selectable
e Appending 1 bit
o Appending 2 bits

Data direction MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the AC characteristics in the electrical
specifications (see CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and
CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remark fuck: Operation clock (MCK) frequency of target channel
fck:  System clock frequency

LIN stands for Local Interconnect Network and is a low-speed (1 to 20 kbps) serial communication protocol
designed to reduce the cost of an automobile network.

Communication of LIN is single-master communication and up to 15 slaves can be connected to one master.

The slaves are used to control switches, actuators, and sensors, which are connected to the master via LIN.

Usually, the master is connected to a network such as CAN (Controller Area Network).

A LIN bus is a single-wire bus to which nodes are connected via transceiver conforming to ISO9141.

According to the protocol of LIN, the master transmits a frame by attaching baud rate information to it. A slave
receives this frame and corrects a baud rate error from the master. If the baud rate error of a slave is within £15%,
communication can be established.

Figure 12-85 outlines a transmission operation of LIN.
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Figure 12-85. Transmission Operation of LIN

Wakeup signal Sync break Sync field  Identification Data field Data field Checksum
frame field field field
I et
LIN Bus
13-bit SBF 55H Data Data Data Data
8 bitgNote 1 transmissionNete 2 transmission transmissiop tr‘ansmissio‘n tr‘ansmissiop tl"ansmissio‘n
TxD3
(output)
INTSTgNote3 I I I I I I IR

Notes 1. The baud rate is set so as to satisfy the standard of the wakeup signal and data of O0H is transmitted.

2. A sync break field is defined to have a width of 13 bits and output a low level. Where the baud rate for
main transfer is N [bps], therefore, the baud rate of the sync break field is calculated as follows.
| (Baud rate of sync break field) = 9/13 x N |
By transmitting data of O0H at this baud rate, a sync break field is generated.

INTSTS3 is output upon completion of transmission. INTST3 is also output when SBF transmission is

executed.

Remark The interval between fields is controlled by software.
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Figure 12-86. Flowchart for LIN Transmission

<Starting LIN communicaticD

Setting baud rate

Writing 1 to SS12

Setting transfer data 00H

Transmitting wakeup
signal frame

Transfer end interrupt
generated?

Setting transfer data 00H

|

Transmitting
sync break field

.

Transfer end interrupt
generated?

Writing 1 to ST12

Setting baud rate

Writing 1 to SS12

Transmitting 55H

Receiving data

and of LIN communicatioD

> Wakeup signal frame

> Sync break field

Sync field

Identification field
Data field
Checksum field

o
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12.6.4 LIN reception

Of UART reception, UART3 supports LIN communication.

For LIN reception, channel 3 of unit 1 (SAU1) is used.

UART

UARTO UART1 UART2 UART3

Support of LIN communication

Not supported Not supported Not supported Supported

Target channel

Channel 3 of SAU1

Pins used

- - - RxD3

Interrupt

- - - INTSR3

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error interrupt

- - - INTSRE3

Error detection flag

e Framing error detection flag (FEF13)
o Parity error detection flag (PEF13)
e Overrun error detection flag (OVF13)

Transfer data length

8 bits

Transfer rate

Max. fuck/6 [bps] (SDR13 [15:9] = 2 or more), Min. fowk/(2 x 2" x 128) [bps] "

Data phase

Forward output (default: high level)
Reverse output (default: low level)

Parity bit

The following selectable

o No parity bit (no parity check)

e Appending 0 parity bit (no parity check)
e Appending even parity check

e Appending odd parity check

Stop bit

The following selectable
e Appending 1 bit
e Appending 2 bits

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the AC characteristics in the electrical
specifications (see CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) and
CHAPTER 29 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)).

Remark fmck: Operation clock (MCK) frequency of target channel
fcik:  System clock frequency

Figure 12-87 outlines a reception operation of LIN.
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Figure 12-87. Reception Operation of LIN

Wakeup signal Sync break Sync field Identification Data filed Data filed Checksum

frame field field - - o field ‘

o I B

13-bit SBF SF ID Data Data Data

reception reception reception reception reception reception

| | | | | | |

<2> ‘ ‘ ‘ ‘ ‘ ‘ <5> ‘

RXDS (input) Disable Enable
<3>
Reception interrupt |'| |'| |'| |'| |'| |'|_

(INTSR3)
\<1 >
Edge detection

(INTPO)
<4>
Capture )
timer Disable Enable

Here is the flow of signal processing.

<1>

<2>

<3>

<4>

<5>

460

The wakeup signal is detected by detecting an interrupt edge (INTPO) on a pin. When the wakeup signal is
detected, enable reception of UART3 (RXE13 = 1) and wait for SBF reception.

When the start bit of SBF is detected, reception is started and serial data is sequentially stored in the RXD3
register (= bits 7 to 0 of the serial data register 13 (SDR13)) at the set baud rate. When the stop bit is
detected, the reception end interrupt request (INTSR3) is generated. When data of low levels of 11 bits or
more is detected as SBF, it is judged that SBF reception has been correctly completed. If data of low levels of
less than 11 bits is detected as SBF, it is judged that an SBF reception error has occurred, and the system
returns to the SBF reception wait status.

When SBF reception has been correctly completed, start channel 7 of the timer array unit and measure the
bit interval (pulse width) of the sync field (see 6.7.5 Operation as input signal high-/low-level width
measurement).

Calculate a baud rate error from the bit interval of sync field (SF). Stop UART3 once and adjust (re-set) the
baud rate.

The checksum field should be distinguished by software. In addition, processing to initialize UART3 after the
checksum field is received and to wait for reception of SBF should also be performed by software.
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Figure 12-88 shows the configuration of a port that manipulates reception of LIN.

The wakeup signal transmitted from the master of LIN is received by detecting an edge of an external interrupt

(INTPO). The length of the sync field transmitted from the master can be measured by using the external event

capture operation of the timer array unit (TAU) to calculate a baud-rate error.

By controlling switch of port input (ISC0/ISC1), the input source of port input (RxD3) for reception can be input to

the external interrupt pin (INTPO) and timer array unit (TAU).

Figure 12-88. Port Configuration for Manipulating Reception of LIN

Selector
P14/RxD3 O———
RXD3 input
Port mode
(PM14)
Output latch
(P14)
Selector
Selector
P120/INTPO/ ©———
EXLVI
— INTPO0 input
Port mode
(PM120) Port input
switch control
(ISC0)
Ou(tg:; I(Z)i)tch <ISCO>
0: Selects INTPO (P120)
1: Selects RxD3 (P14)
Selector
Selector
P145/TI07 O———
Port mode
(PM145) Port input
switch control
Output latch v
u(gL114§1)C <ISC1>

0: Selects TI07 (P145)
1: Selects RxD3 (P14)

Remark ISCO, ISC1: Bits 0 and 1 of the input switch control register (ISC) (See Figure 12-17.)
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The peripheral functions used for the LIN communication operation are as follows.

<Peripheral functions used>
¢ External interrupt (INTPO); Wakeup signal detection
Usage: To detect an edge of the wakeup signal and the start of communication
e Channel 7 of timer array unit (TAU); Baud rate error detection
Usage: To detect the length of the sync field (SF) and divide it by the number of bits in order to detect an error
(The interval of the edge input to RxD3 is measured in the capture mode.)
e Channels 2 and 3 (UART3) of serial array unit 1 (SAU1)
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INTPO,
TAU

SAU

For
details,
See
Figure
12-84

Figure 12-89. Flowchart of LIN Reception

@arting LIN communicati@

Setting TAU in capture
mode (to measure
low-level width)

le ~

I

Detecting low-level width

.

Wakeup signal frame

Wakeup detected?

J

Detecting low-level width

< > Sync break field

SBF detected?

Stopping operation

Setting TAU in capture
mode (to measure
low-/high-level width)

|

Detecting low-level width

|

Detecting high-level width

\ > Sync field
Detecting low-level width

|

Detecting high-level width

|

Calculating baud rate

|

Setting UART reception mode

|

Writing 1 to SS13

|

Receiving data

Identification field
Data field
\ Checksum field

Writing 1 to ST13
Gnd of LIN communicati@
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12.6.5 Calculating baud rate

(1) Baud rate calculation expression
The baud rate for UART (UARTO, UART1, UART2, UART3) communication can be calculated by the following

expressions.

(Baud rate) = {Operation clock (MCK) frequency of target channel} + (SDRmn[15:9] + 1) + 2 [bps]

Caution Setting SDRmn [15:9] = (0000000B, 0000001B) is prohibited.

When UART is used, the value of SDRmn[15:9] is the value of bits 15 to 9 of the SDRmn

register (0000010B to 1111111B) and therefore is 2 to 127.
2.  m: Unit number (m =0, 1), n: Channel number (n = 0 to 3)

Remarks 1.

The operation clock (MCK) is determined by serial clock select register m (SPSm) and bit 15 (CKSmn) of serial

mode register mn (SMRmn).
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Table 12-3. Selection of operation clock

SMRmn SPSm Register Operation Clock (MCK)"*'
Register
CKSmn | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS fork = 20 MHz
mi3 | m12 | m11 | m10 | mO3 | m02 | mO1 | mOO
0 X X X X 0 0 0 | fox 20 MHz
X X 0 0 0 1 foLk/2 10 MHz
X X X X 0 0 1 0 | fow/2® 5 MHz
X X X X 0 0 1 1 fok/2° 2.5 MHz
X X X X 0 1 0 0 | fow/2* 1.25 MHz
X X X X 0 1 0 1 fok/2° 625 kHz
X X X X 0 1 1 0 | fow/2® 313 kHz
X X X X 0 1 1 1 fok/2’ 156 kHz
X X X X 1 0 0 0 | fow/2® 78.1 kHz
X X X X 1 0 0 1 fok/2° 39.1 kHz
X X X X 1 0 1 0 | fow/2” 19.5 kHz
X X X X 1 0 1 1 fok/2" 9.77 kHz
X X X X 1 1 1 1 INTTMO2 if m =0,
INTTMO3 if m = 1"**
1 0 0 0 0 X X X X | fow 20 MHz
0 0 0 1 X X X X | fow/2 10 MHz
0 0 1 0 X X X X | fow/2® 5 MHz
0 0 1 1 X X X X | fow/2® 2.5 MHz
0 1 0 0 X X X X | fows2* 1.25 MHz
0 1 0 1 X X X X | fow/2® 625 kHz
0 1 1 0 X X X X | fow/2® 313 kHz
0 1 1 1 X X X X | fow/2 156 kHz
1 0 0 0 X X X X | fow/2® 78.1 kHz
1 0 0 1 X X X X | fow/2’® 39.1 kHz
1 0 1 0 X X X X | fo/2® 19.5 kHz
1 0 1 1 X X X X | fo/2" 9.77 kHz
1 1 1 1 X X X X | INTTMO2ifm=0,
INTTMO3 if m = 1"

Other than above

Setting prohibited

Notes 1. When changing the clock selected for fcik (by changing the system clock control register (CKC)
value), do so after having stopped (STm = 000FH) the operation of the serial array unit (SAU).
When selecting INTTM02 and INTTMOS3 for the operation clock, also stop the timer array unit (TAU)

(TTO = 0OFFH).

2. SAU can be operated at a fixed division ratio of the subsystem clock, regardless of the fcik
frequency (main system clock, subsystem clock), by operating the interval timer for which fsus/4
has been selected as the count clock (setting TIS02 (if m = 0) or TIS03 (if m = 1) of the TISO
register to 1) and selecting INTTMO02 and INTTMO3 by using the SPSm register in channels 2 and
3 of TAU. When changing fcik, however, SAU and TAU must be stopped as described in Note 1
above.

Remarks 1. X:Don'’t care

2. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3)
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(2) Baud rate error during transmission
The baud rate error of UART (UARTO, UART1, UART2, UART3) communication during transmission can be
calculated by the following expression. Make sure that the baud rate at the transmission side is within the
permissible baud rate range at the reception side.

(Baud rate error) = (Calculated baud rate value) + (Target baud rate) x 100 — 100 [%]

Here is an example of setting a UART baud rate at fc.k = 20 MHz.

UART Baud Rate feik = 20 MHz
(Target Baud Rate) Operation Clock (MCK) SDRmn[15:9] Calculated Baud Rate Error from Target Baud Rate

300 bps fok/2° 64 300.48 bps +0.16 %
600 bps fowk/2° 64 600.96 bps +0.16 %
1200 bps fow/2’ 64 1201.92 bps +0.16 %
2400 bps fok/2° 64 2403.85 bps +0.16 %
4800 bps fowk/2® 64 4807.69 bps +0.16 %
9600 bps fok/2* 64 9615.38 bps +0.16 %
19200 bps fok/2® 64 19230.8 bps +0.16 %
31250 bps fok/2® 39 31250.0 bps 0.0 %

38400 bps fok/2? 64 38461.5 bps +0.16 %
76800 bps fok/2 64 76923.1 bps +0.16 %
153600 bps fork 64 153846 bps +0.16 %
312500 bps fok 31 312500 bps 0.0 %

Remark m: Unit number (m = 0, 1), n: Channel number (n =0, 2)
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(3) Permissible baud rate range for reception
The permissible baud rate range for reception during UART (UARTO, UART1, UART2, UART3) communication
can be calculated by the following expression. Make sure that the baud rate at the transmission side is within
the permissible baud rate range at the reception side.

. . 2 x k x Nfr
(Maximum receivable baud rate) = x Brate
2xkxNfr—k+2

2 x k x (Nfr—1)
2xkxNfr—k-2

(Minimum receivable baud rate) = x Brate

Brate: Calculated baud rate value at the reception side (See 12.6.5 (1) Baud rate calculation expression.)
k: SDRmn[15:9] + 1
Nfr: 1 data frame length [bits]

= (Start bit) + (Data length) + (Parity bit) + (Stop bit)

Remark m: Unit number (m =0, 1), n: Channel number (n =1, 3)

Figure 12-90. Permissible Baud Rate Range for Reception (1 Data Frame Length = 11 Bits)

Latch
timing
4 4 4 4 4 {7
I
Data frame length Start . . . Parity Stop
of SAU \ bit /( Bit 0 X Bit 1 x x Bit 7 X bit y bit

-

FL

1 data frame (11 x FL)

Permissible minimum Start . . . Parity Stop
data frame length \ bit /( Bit0 X Bit1 >< >< Bit7 X bit y bit \

(11 x FL) min.

Permissible maximum \ Start /( Bit 0 X Bit 1 Bit 7 X Parity y Stop
data frame length bit bit bit

(11 x FL) max.

As shown in Figure 12-90, the timing of latching receive data is determined by the division ratio set by bits 15
to 9 of the serial data register mn (SDRmn) after the start bit is detected. If the last data (stop bit) is received
before this latch timing, the data can be correctly received.
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12.6.6 Procedure for processing errors that occurred during UART (UARTO, UART1, UART2, UART3)
communication
The procedure for processing errors that occurred during UART (UARTO, UART1, UART2, UART3) communication
is described in Figures 12-91 and 12-92.

Figure 12-91. Processing Procedure in Case of Parity Error or Overrun Error

Software Manipulation Hardware Status Remark
Reads SDRmn register. The BFFO = 0, and channel n is This is to prevent an overrun error if the
enabled to receive data. next reception is completed during error
processing.
Reads SSRmn register. Error type is identified and the read

value is used to clear error flag.

Writes SIRmn register. Error flag is cleared. Only error generated at the point of
reading can be cleared, by writing the
value read from the SSRmn register to
the SIRmn register without modification.

Figure 12-92. Processing Procedure in Case of Framing Error

Software Manipulation Hardware Status Remark

Reads SDRmn register————————| The BFF = 0, and channel n is enabled This is to prevent an overrun error if the
to receive data. next reception is completed during error
processing.

Reads SSRmn register. Error type is identified and the read
value is used to clear error flag.

Writes SIRmn register. ———— 3 Error flag is cleared. Only error generated at the point of
reading can be cleared, by writing the
value read from the SSRmn register to
the SIRmn register without modification.

Sets STmn bit to 1. » The SEmn = 0, and channel n stops
operating.

Synchronization with other party of Synchronization with the other party of

communication communication is re-established and
communication is resumed because it is
considered that a framing error has
occurred because the start bit has been
shifted.

Sets SSmn bit to 1: The SEmn =1, and channel n is

enabled to operate.

Remark  m: Unit number (m = 0, 1), n: Channel number (n =0 to 3), mn = 00 to 03, 10 to 13

468 Users Manual U17893EJ8VOUD



CHAPTER 12 SERIAL ARRAY UNIT

12.7 Operation of Simplified I°C (IIC10, IC20) Communication

This is a clocked communication function to communicate with two or more devices by using two lines: serial clock
(SCL) and serial data (SDA). This communication function is designed to execute single communication with devices
such as EEPROM, flash memory, and A/D converter, and therefore, can be used only by the master and does not
have a wait detection function. Make sure by using software, as well as operating the control registers, that the AC
specifications of the start and stop conditions are observed.

[Data transmission/reception]

¢ Master transmission, master reception (only master function with a single master)

e ACK output function" and ACK detection function

¢ Data length of 8 bits
(When an address is transmitted, the address is specified by the higher 7 bits, and the least significant bit is
used for R/W control.)

e Manual generation of start condition and stop condition

[Interrupt function]
e Transfer end interrupt

[Error detection flag]
<R> e Overrun error
e Parity error (ACK error)

* [Functions not supported by simplified I°C]
e Slave transmission, slave reception
o Arbitration loss detection function
¢ Wait detection function

Note An ACK is not output when the last data is being received by writing 0 to the SOEmn (SOEm register) bit
and stopping the output of serial communication data. See 12.7.3 (2) Processing flow for details.

Remarks 1. To use the full-function I°C bus, see CHAPTER 13 SERIAL INTERFACE IICO.
2. m: Unit number (m = 0, 1), n: Channel number (n =0, 2)

The channels supporting simplified I°C (1IC10, 1IC20) are channel 2 of SAUO and channel 0 of SAUA1.

Unit Channel Used as CSI Used as UART Used as Simplified ’c
0 0 CSsloo UARTO -
1 Cslo1 -
2 Csi10 UART1
3 -
1 0 CSl20 UART2
1 — -
2 - UART3 (supporting LIN-bus) -
3 - _

Simplified I°C (11IC10, 11C20) performs the following four types of communication operations.

¢ Address field transmission  (See 12.7.1.)
¢ Data transmission (See 12.7.2))
¢ Data reception (See 12.7.3.)
¢ Stop condition generation  (See 12.7.4.)
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12.7.1 Address field transmission
Address field transmission is a transmission operation that first executes in I°C communication to identify the target

for transfer (slave).

After a start condition is generated, an address (7 bits) and a transfer direction (1 bit) are

transmitted in one frame.

Simplified I’c IIC10 l1IC20
Target channel Channel 2 of SAUO Channel 0 of SAU1
Pins used SCL10, SDA10™" SCL20, SDA20"*
Interrupt INTIIC10 INTIIC20

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error detection flag

Parity error detection flag (PEFmn)

Transfer data length

8 bits (transmitted with specifying the higher 7 bits as address and the least significant bit as R/W
control)

<R> | Transfer rate

Max. fuck/4 [Hz] (SDRmn[15:9] = 1 or more) fuck: Operation clock (MCK) frequency of target channel
However, the following condition must be satisfied in each mode of I°C.

e Max. 400 kHz (first mode)

e Max. 100 kHz (standard mode)

Data level Forward output (default: high level)
Parity bit No parity bit
Stop bit Appending 1 bit (for ACK reception timing)

Data direction

MSB first

Note To perform communication via simplified I°C, set the N-ch open-drain output (Vob tolerance) mode (POMO3,
POM143 = 1) for the port output mode registers (POMO, POM14) (see 4.3 Registers Controlling Port
Function for details). When communicating with an external device with a different potential, set the N-ch
open-drain output (Vop tolerance) mode (POM04, POM142 = 1) also for the clock input/output pins (SCL10,
SCL20) (see 4.4.4 Connecting to external device with different potential (2.5 V, 3 V) for details).

Remark  m: Unit number (m = 0, 1), n: Channel number (n =0, 2)
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(1) Register setting

Figure 12-93. Example of Contents of Registers for Address Field Transmission of Simplified I°C (11C10, 11C20)

(a) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm2|CKOm1|CKOmO SOm2 | SOm1 | SOmo
0 0 0 0 1 0/1 X 0/1 0 0 0 0 1 0/1 X 01

Start condition is generated by manipulating the SOmn bit.

(b) Serial output enable register m (SOEm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm2|SOEm1 [SOEmO
0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 X 01

SOEmnN = 0 until the start condition is generated, and SOEmn =
1 after generation.

(c) Serial channel start register m (SSm) ... Sets only the bits of the target channel is 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 X 0N X 0/1

(d) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MDmn2 | MDmn1|MDmnO
1 0 0

SISmnO)
0

SMRmMn |cksSmn
01

CCSmn STSmn

0 0 0 0 0 0 0 0 1 0 0

[
Interrupt sources of channel n
0: Transfer end interrupt

(e) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

EOCmn [PTCmn1|{PTCmn0| DIRMn SLCmn1 | SLCmNO| DLSmn2|DLSmn1 | DLSmnO)|
0 0 0 0 0 0 1 0 1 1 1

SCRmn  [[TXEmn|RXEmn [ DAPmN | CKPmn
1 0 0 0 0

Setting of parity bit —L L1 Setting of stop bit

00B: No parity

(f) Serial data register mn (SDRmn) (lower 8 bits: SIOr)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

01B: Appending 1 bit (ACK)

SDRmn
Baud rate setting 0 Transmit data setting (address + R/W)

SIOr

Remark m: Unit number (m =0, 1), n: Channel number (n =0, 2), r: [IC number (r = 10, 20)
D: Setting is fixed in the 1IC mode, []: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 12-94. Initial Setting Procedure for Address Field Transmission

<Starting initial setting>

Setting PERO register

Release the serial array unit from the

reset status and start clock supply.

Setting SPSm register Set the operation clock
Setting SMRmn register Set an operation mode, etc.
Setting SCRmn register Set a communication format.
Setting SDRmn register Set a transfer baud rate.

Manipulate the SOmn and CKOmn bits

Setting SOm register o
and set an initial output level.

Enable data output, clock output, and the N-ch
Setting port open-drain output (Voo tolerance) mode of the
target channel by setting a port register, a port
mode register, and a port output mode register.

Setting SOM register Clear the SOmn bit to 0 to generate the

start condition.

‘ Secure a wait time so that the specifications of
Wait ‘
I’C on the slave side are satisfied.

Clear the CKOmn bit to 0 to lower the

Setting SOm register
clock output level.

|

Changing setting of SOEm register

Set the SOEmn bit to 1 and enable data
output of the target channel.

Set the SSmn bit of the target channel to
1toset SEmn=1.

Writing to SSm register

Set address and R/W to the SIOr register
<Starting communicatioD (bits 7 to 0 of the SDRmn register) and
start communication.

Caution After setting the PERO register to 1, be sure to set the SPSm register after 4 or more clocks
have elapsed.
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(3) Processing flow

Figure 12-95. Timing Chart of Address Field Transmission

SSmn |_|
SEmn |
SOEmn [
SDRmn X Address field transmission X
SCLr output L T L e e e ey |
i /CKOmn Lo ;
! bit ipulation ---
SDAroutput — \ L e Y Y e Y D5 X D2 X D3 X D2 X D1 XDo X i
£80mn bit manipulation '~ - '
P A Address AW ;
SDAr input \ i + X7 Y6 \D5 D4 Y D3 Y D2 X D1 X DO \ACK /[
Shift L _— i
register mln : : D X X XSh\ﬂoperanonX X X X :
INTIICr P I
TSFmn | L

Remark m: Unit number (m =0, 1), n: Channel number (n =0, 2), r: lIC number (r = 10, 20)
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Figure 12-96. Flowchart of Address Field Transmission

@arﬁng IIC communicati@

SMRmn, SCRmn: Setting communication

SPSm, SDRmn[15:9]: Setting transfer rate

|

Writing 0 to SOmn bit
‘ Perform initial setting
when SEmn = 0.

Writing 0 to CKOmn bit

Writing 1 to SOEmn bit

Writing 1 to SSmn bit

|

Writing address and R/W
data to SIOr (SDRmn[7:0])

le

Transfer end interrupt
generated?

Yes

Parity error (ACK error) flag
PEFmn=17?

ACK reception error

Address field
transmission completed

g

To data transmission flow
and data reception flow
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12.7.2 Data transmission
Data transmission is an operation to transmit data to the target for transfer (slave) after transmission of an address
field. After all data are transmitted to the slave, a stop condition is generated and the bus is released.

Simplified I’c IIC10 1IC20
Target channel Channel 2 of SAUO Channel 0 of SAU1
Pins used SCL10, SDA10™" SCL20, SDA20™"
Interrupt INTHC10 INTIIC20

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error detection flag Parity error detection flag (PEFmn)

Transfer data length 8 bits

<R> Transfer rate Max. fuck/4 [Hz] (SDRmMn[15:9] = 1 or more) fuck: Operation clock (MCK) frequency of target channel
However, the following condition must be satisfied in each mode of I°C.

e Max. 400 kHz (first mode)

e Max. 100 kHz (standard mode)

Data level Forward output (default: high level)

Parity bit No parity bit

Stop bit Appending 1 bit (for ACK reception timing)
Data direction MSB first

Note To perform communication via simplified I°C, set the N-ch open-drain output (Vop tolerance) mode (POMO3,
POM143 = 1) for the port output mode registers (POMO, POM14) (see 4.3 Registers Controlling Port
Function for details). When communicating with an external device with a different potential, set the N-ch
open-drain output (Vop tolerance) mode (POM04, POM142 = 1) also for the clock input/output pins (SCL10,
SCL20) (see 4.4.4 Connecting to external device with different potential (2.5 V, 3 V) for details).

Remark m: Unit number (m =0, 1), n: Channel number (n =0, 2)
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(1) Register setting
Figure 12-97. Example of Contents of Registers for Data Transmission of Simplified I°C (1IC10, 11C20)

(a) Serial output register m (SOm) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm2|CKOm1|CKOmO SOm2 | SOm1 | SOmo
0 0 0 0 1 |o/1™| x |0A™| O 0 0 0 1 |0AA™| x |OA™®

(b) Serial output enable register m (SOEm) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm2|SOEm1|SOEm0
0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 X 0N

(c) Serial channel start register m (SSm) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 X 0/1 X 0/1

(d) Serial mode register mn (SMRmn) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmMn |cksSmn
01

MDmn2|MDmn1|MDmnO
1 0 0

CCSmn STSmn
0 0 0 0 0 0 0 0

SISmnO)

0 1 0 0

(e) Serial communication operation setting register mn (SCRmn) ... Do not manipulate the bits of this
register, except the TXEmn and
RXEmn bits, during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmn DLSmN2|DLSmn1|DLSMNO)

1 1 1

TXEmn [ RXEmn | DAPmn | CKPmn|
1 0 0 0

EOCmn (PTCmn1 [PTCmnO| DIRmMn SLCmn1 { SLCmnO|
0 0 0 0 0 0 1

0 0

(f) Serial data register mn (SDRmn) (lower 8 bits: SIOr)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn

Baud rate setting 0 Transmit data setting

—

SIOr

Note The value varies depending on the communication data during communication operation.

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0, 2), r: IIC number (r = 10, 20)
@: Setting is fixed in the IIC mode, []: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Processing flow

SSmn
SEmn
SOEmn
SDRmn
SCLr output
SDAr output
SDAr input

Shift
register mn

INTIICr

TSFmn

Remark m: Unit number (m =0,

«»

Figure 12-98. Timing Chart of Data Transmission

“yr

“r

X Transmit data 1

X

X b1 X Do X

:XD7XD6XD5XD4XD3XD2

:XD7XD6XD5XD4XD3XD2

YD1 Y\ Do \AcK [

X:X ) X Xsritoperaion X

X

Figure 12-99. Flowchart of Data Transmission

Address field
transmission completed

<Starting data transmissioD

»

Writing data to SIOr
(SDRmn[7:0])

B

Transfer end interrupt
generated?

Yes

Parity error (ACK error) flag
PEFmn=17?

No

1), n: Channel number (n = 0, 2), r: IIC number (r = 10, 20)

ACK reception error

Data transfer completed?

Data transmission
completed

g

Stop condition generation
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12.7.3 Data reception
Data reception is an operation to receive data to the target for transfer (slave) after transmission of an address field.
After all data are received to the slave, a stop condition is generated and the bus is released.

Simplified I’c IIC10 lIC20
Target channel Channel 2 of SAUO Channel 0 of SAU1
Pins used SCL10, SDA10™" SCL20, SDA20™"
Interrupt INTHC10 INTHC20

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

<R> [ Error detection flag Overrun error detection flag (OVFmn) only

Transfer data length 8 bits

<R> | Transfer rate Max. fuck/4 [Hz] (SDRmMn[15:9] = 1 or more) fuck: Operation clock (MCK) frequency of target channel
However, the following condition must be satisfied in each mode of I°C.

e Max. 400 kHz (first mode)

e Max. 100 kHz (standard mode)

Data level Forward output (default: high level)
Parity bit No parity bit

Stop bit Appending 1 bit (ACK transmission)
Data direction MSB first

Note To perform communication via simplified 1°C, set the N-ch open-drain output (Voo tolerance) mode (POMO3,
POM143 = 1) for the port output mode registers (POMO, POM14) (see 4.3 Registers Controlling Port
Function for details). When communicating with an external device with a different potential, set the N-ch
open-drain output (Vop tolerance) mode (POM04, POM142 = 1) also for the clock input/output pins (SCL10,
SCL20) (see 4.4.4 Connecting to external device with different potential (2.5 V, 3 V) for details).

Remark m: Unit number (m =0, 1), n: Channel number (n =0, 2)
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(1) Register setting
Figure 12-100. Example of Contents of Registers for Data Reception of Simplified I°C (1IC10, 11C20)

(a) Serial output register m (SOm) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm2|CKOm1|CKOmO SOm2 | SOm1 [ somo
0 0 0 0 1 (o™ x |oAA™| O 0 0 0 1 (0™ x |O/™™

(b) Serial output enable register m (SOEm) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm2|SOEm1 [SOEmO
0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 X 01

(c) Serial channel start register m (SSm) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 X 0/1 X 01

(d) Serial mode register mn (SMRmn) ... Do not manipulate this register during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmMn |cksmn
01

CCSmn
0

STSmn
0 0 0 0 0 0

SISmnO)
0

MDmn2 | MDmn1|MDmnO

0 1 0 0

(e) Serial communication operation setting register mn (SCRmn) ... Do not manipulate the bits of this
register, except the TXEmn and
RXEmn bits, during data
transmission/reception.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmnN [[TXEmn |RXEmn|DAPmN | CKPmn EOCmn |PTCmn1|PTCmn0| DIRmn

0 0 0 0 0

SLCmn1 [ SLCmNO]
0 1

DLSmn2|DLSmn1|DLSmn0
1 1 1

0

(f) Serial data register mn (SDRmn) (lower 8 bits: SIOr)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn
Baud rate setting 0 Dummy transmit data setting (FFH)

SIOr

Note The value varies depending on the communication data during communication operation.
Remark m: Unit number (m = 0, 1), n: Channel number (n =0, 2), r: lIC number (r = 10, 20)
[ : Setting is fixed in the IIC mode, [7]: Setting disabled (set to the initial value)

x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user

User's Manual U17893EJ8VOUD 479



CHAPTER 12 SERIAL ARRAY UNIT

(2) Processing flow
Figure 12-101. Timing Chart of Data Reception
(a) When starting data reception

SSmn |_|

STmn |_|

SEmn | I
SOEmn  «y»

TXEmn,
RXEmn

SDRmn X Dummy data (FFH) X Receive data

TXEmn=1/RXEmn=0 { TXEmn=0/RXEmn=1

SCLr output

SDAr output

SDAr input

11 B

Shift
register mn

INTHCr

X X XShiﬂ operalionX X X X

TSFmn

(b) When receiving last data

STmn |_|
SEmn l
SOEmn Output is enabled by serial | Output is stopped by serial communication operation ‘
TXEmn communication operation
RXEmn. TXEmn=0/RXEmn=1 ‘
SDRmn Dummy data (FFH) XReceivedalaX Dummy data (FFH) X ! Receive data

sorowput L TLTLTL . TLTLITLITLILILIiLroree /7
SDAroutput T AcK/ T [ 1--NACK ----- \—/_

SDArinput D2 Y DT X Do X X . D7 {6 Y D5 X D2 X D8 D2 Yot X oo X ITITTTTTYTTT
Shift _ :
register mln :X Yonit operaion) X : 3 X X X Xt opereion X X X ‘
INTIICr fl 3 1 f
TSFmn f |
Reception of ast byle ———————————  igo St

imanipulation : manipulation

A A
1IC operation stop  CKOmn bit
manipulation

Step condition

Remark m: Unit number (m =0, 1), n: Channel number (n =0, 2), r: IIC number (r = 10, 20)
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Figure 12-102. Flowchart of Data Reception

Address field transmission completed

Writing 1 to STmn bit
\
Writing 0 to TXEmn bit, and 1 to RXEmn bit

‘ Writing 1 to SSmn bit ‘
\

<Starting data receptioD

»
L

; Yes
Last byte received?

N Writing 0 to SOEmn bit

0 (Stopping output by serial
communication operation)
]

Writing dummy data (FFH)

to SIOr (SDRmn(7:0])
«

Transfer end interrupt
generated?

Yes

‘ Reading SIOr (SDRmn[7:0]) ‘

Data transfer completed?

Yes

Data reception
completed

Il

Stop condition generation

Caution ACK is not output when the last data is received (NACK). Communication is then completed
by setting “1” to the STmn bit to stop operation and generating a stop condition.
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12.7.4 Stop condition generation
After all data are transmitted to or received from the target slave, a stop condition is generated and the bus is
released.

(1) Processing flow

Figure 12-103. Timing Chart of Stop Condition Generation

STmn 1
SEmn | E
SOEmn Note \ |
SCLr output L : / ;
SDAr output \ /
A A A A
Operation SOmn bit CKOmn bit  SOmn bit
stop manipulation manipulation manipulation

Stop condition

Note During the receive operation, the SOEmn bit is set to 0 before receiving the last data.
Remark m: Unit number (m = 0, 1), n: Channel number (n = 0, 2), r: IIC number (r = 10, 20)

Figure 12-104. Flowchart of Stop Condition Generation

Completion of data
transmission/data reception

éarting generation of stop conditicD

Writing 1 to STmn bit to clear

(SEmn is cleared to 0)

|

‘ Writing 0 to SOEmn bit ‘

|

‘ Writing 0 to SOmn bit ‘

‘ Writing 1 to CKOmn bit ‘

‘ Wait

‘ Writing 1 to SOmn bit ‘

and of lIC communicatioD
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12.7.5 Calculating transfer rate
The transfer rate for simplified I°C (I1IC10, 11C20) communication can be calculated by the following expressions.

(Transfer rate) = {Operation clock (MCK) frequency of target channel} + (SDRmn[15:9] + 1) + 2

<R> Caution Setting SDRmn[15:9] = 0000000B is prohibited. Setting SDRmn[15:9] = 0000001B or more.

<R> Remarks 1. The value of SDRmn[15:9] is the value of bits 15 to 9 of the SDRmn register (0000001B to
1111111B) and therefore is 1 to 127.

2. m: Unit number (m =0, 1), n: Channel number (n =0, 2)

The operation clock (MCK) is determined by serial clock select register m (SPSm) and bit 15 (CKSmn) of serial
mode register mn (SMRmn).

Users Manual U17893EJ8VOUD 483



CHAPTER 12 SERIAL ARRAY UNIT
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Table 12-4. Selection of operation clock

SMRmn SPSm Register Operation Clock (MCK)"*'
Register
CKSmn | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS fork= 20 MHz
mi3 | m12 | m11 | m10 | mO3 | m02 | mO1 | mOO
0 X X X X 0 0 0 | fo 20 MHz
X 0 0 0 1 foLk/2 10 MHz
X X X X 0 0 1 0 | fow/2? 5 MHz
X X X X 0 0 1 1 fok/2° 2.5 MHz
X X X X 0 1 0 0 | fow/2* 1.25 MHz
X X X X 0 1 0 1 fok/2° 625 kHz
X X X X 0 1 1 0 | fow2® 313 kHz
X X X X 0 1 1 1 fok/2’ 156 kHz
X X X X 1 0 0 0 | fow/2® 78.1 kHz
X X X X 1 0 0 1 fork/2° 39.1 kHz
X X X X 1 0 1 0 | fow2” 19.5 kHz
X X X X 1 0 1 1 fok/2" 9.77 kHz
X X X X 1 1 1 1 INTTMO2 if m =0,
INTTMO3 if m = 1"
1 0 0 0 0 X X X X | fo 20 MHz
0 0 0 1 X X X X | fow/2 10 MHz
0 0 1 0 X X X X | fow/2® 5 MHz
0 0 1 1 X X X X | fow/2® 2.5 MHz
0 1 0 0 X X X X | fow/2* 1.25 MHz
0 1 0 1 X X X X | fow/2® 625 kHz
0 1 1 0 X X X X | fow/2® 313 kHz
0 1 1 1 X X X X | fow/2 156 kHz
1 0 0 0 X X X X | fow/2® 78.1 kHz
1 0 0 1 X X X X | fow/2’ 39.1 kHz
1 0 1 0 X X X X | fow/2"® 19.5 kHz
1 0 1 1 X X X X | fow/2" 9.77 kHz
1 1 1 1 X X X X | INTTMO2if m =0,
INTTMO3 if m = 1"
Other than above Setting prohibited

Notes 1. When changing the clock selected for fcik (by changing the system clock control register (CKC)
value), do so after having stopped (STm = 000FH) the operation of the serial array unit (SAU).
When selecting INTTM02 and INTTMOS3 for the operation clock, also stop the timer array unit (TAU)
(TTO = OOFFH).

2. SAU can be operated at a fixed division ratio of the subsystem clock, regardless of the fcik
frequency (main system clock, subsystem clock), by operating the interval timer for which fsus/4
has been selected as the count clock (setting TIS02 (if m = 0) or TIS03 (if m = 1) of the TISO
register to 1) and selecting INTTMO02 and INTTMO3 by using the SPSm register in channels 2 and
3 of TAU. When changing fck, however, SAU and TAU must be stopped as described in Note 1
above.

Remarks 1. X: Don't care

2. m: Unit number (m =0, 1), n: Channel number (n =0, 2)
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Here is an example of setting an IIC transfer rate where MCK = fcLk = 20 MHz.

1IC Transfer Mode
(Desired Transfer Rate)

feik = 20 MHz

Operation Clock (MCK)

SDRmn[15:9]

Calculated

Error from Desired Transfer

Transfer Rate Rate
100 kHz fork 99 100 kHz 0.0%
400 kHz feik 24 400 kHz 0.0%

User's Manual U17893EJ8VOUD

485




CHAPTER 12 SERIAL ARRAY UNIT

12.7.6 Procedure for processing errors that occurred during simplified I°C (11IC10, IC20) communication

The procedure for processing errors that occurred during simplified I°C (1IC10, 11C20) communication is described

in Figures 12-105 and 12-106.

<R> Figure 12-105. Processing Procedure in Case of Parity Error or Overrun Error

Software Manipulation

Hardware Status

Remark

Reads SDRmn register.

> BFF = 0, and channel n is enabled to
receive data.

This is to prevent an overrun error if
the next reception is completed
during error processing.

Reads SSRmn register.

Error type is identified and the read
value is used to clear error flag.

Writes SIRmn register.

#» Error flag is cleared.

Only error generated at the point of
reading can be cleared, by writing
the value read from the SSRmn
register to the SIRmn register
without modification.

Figure 12-106. Processing Procedure in Case of Parity Error (ACK error) in Simplified I’'C Mode

Software Manipulation

Hardware Status

Remark

Reads SDRmn register.

#» BFF = 0, and channel n is enabled to
receive data.

This is to prevent an overrun error if
the next reception is completed
during error processing.

Reads SSRmn register.

Error type is identified and the read
value is used to clear error flag.

Writes SIRmn register.

> Error flag is cleared.

Only error generated at the point of
reading can be cleared, by writing
the value read from the SSRmn
register to the SIRmn register
without modification.

Sets STmn bit to 1.

> SEmn = 0, and channel n stops
operation.

Creates stop condition.

Creates start condition.

Slave is not ready for reception
because ACK is not returned.
Therefore, a stop condition is
created, the bus is released, and
communication is started again from
the start condition. Or, a restart
condition is generated and
transmission can be redone from
address transmission.

Sets SSmn bit to 1.

» SEmn = 1, and channel n is enabled to
operate.

Remark

486
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12.8 Relationship Between Register Settings and Pins

Table 12-5. Relationship between register settings and pins (Channel 0 of unit 0:

Tables 12-5 to 12-12 show the relationship between register settings and pins for each channel of serial array units
Oand 1.

CSI00, UARTO transmission)

SE [MD| MD |SOE| SO [CKO | TXE |RXE|PM | P10| PM [P11| PM |P12 ]| Operation mode Pin Function
Note2
00 |002(001| 00 | OO | 00 | OO | OO | 10 11 12 SR
Note1 Note2 SCKO00/ Sloo/ SO00/
P10 RxDO/P11 | TxDO/P12
Note2
0)j0]| O 0 1 1 0 0 x x X X x X Operation stop P10 P11 P12
Note3 | Note3 | Note3 | Note3 | Note3 | Note3
0] 1 mode P11/RxDO
1 0| 0 0 1 1 0 1 1 x 1 x x x Slave CSI00 SCKO00 SI00 P12
Note3 | Note3 . .
reception (input)
1 [on 1 1 0 1 x x x 0 1 Slave CSI00 SCKO00 P11 SO00
Note4 Note3 | Note3 .. .
transmission (input)
1 | 0N 1 1 1 1 x 1 x 0 1 Slave CSI00 SCKO00 SI00 SO00
Noted transmission/ (input)
reception
0 1 0N 0 1 0 1 1 x x x Master CSI00 SCKO00 SI00 P12
Note4 Note3 | Note3 .
reception (output)
1 |01 | 0N 1 0 0 1 x x 0 1 Master CSI00 SCKO00 P11 SO00
Note4 | Noted Note3 |Note3 .
transmission (output)
1 (01| on 1 1 0 1 1 x 0 1 Master CSI00 SCKO00 SI00 SO00
Note4 | Noted . .
transmission/ (output)
reception
0 1 1 0/1 1 1 0 X X X X 0 1 UARTO P10 P11/RxD0 TxDO
Note4d Note3 | Note3 | Note3 | Note3 . . Note5
transmission
Notes 1. The SEO register is a read-only status register which is set using the SS0 and STO registers.

2. When channel 1 of unit 0 is set to UARTO reception, this pin becomes an RxDO function pin (refer to Table

12-6). In this case, operation stop mode or UARTO transmission must be selected for channel 0 of unit 0.

3. This pin can be set as a port function pin.

4. This is 0 or 1, depending on the communication operation. For details, refer to 12.3 (12) Serial output
register m (SOm).
5. When using UARTO transmission and reception in a pair, set channel 1 of unit 0 to UARTO reception (refer
to Table 12-6).

Remark X: Don’t care
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Table 12-6. Relationship between register settings and pins (Channel 1 of unit 0: CSI01, UARTO reception)

SE [MD|MD|SOE|SO01|CKO|TXE|RXE| PM | P43 |PM44| P44 | PM | P45( PM | P11 | Operation Pin Function
Note2
01 ]012|011| O1 01 ] 01|01 (43 45 11 mode | cApns
Noted Note2 SCKO01/| S101/P44|S001/|  SI00/
P43 P45 RxDO0/
P1 1Not92
0|jJ]0]0] O 1 1 0 0 X x x x x x x x | Operation| P43 P44 P45 | SI00/P11
Note3 |Note3 | Note3 |Note3 |Note3 [Note3 [ Note3 |Note3
0 1 stop
mode
1 0]0 0 1 1 0 1 1 x 1 X X X x X Slave | SCKO1 SIo1 P45 | SI00/P11
Note3 |Note3 [Note3 |Note3 CS|01 (|nput)
reception
1 0/1 1 1 0 1 X X X 0 1 X X Slave | SCKO1 P44 SO01 | SIoo/P11
Note4 Note3 [Note3 Note3 [Note3 CS|01 (mput)
transmission
1 0N 1 1 1 1 x 1 x 0 1 x X Slave | SCKO1 SIo1 SO01 | SI00/P11
Note4 Note3 [Note3 CS|01 (|nput)
transmission
/reception
0 1 01| 0 1 0 1 1 X X X X X Master | SCKO1 SIo1 P45 | SI00/P11
Note4 Note3 |Note3 [Note3 [Note3 CS|01 (OUtpUt)
reception
1 0/1 | oM 1 0 0 1 x X 0 1 x x Master | SCKO1 P44 SO01 | SI00/P11
Note4 | Noted Note3 [Note3 Note3 [Note3 CS|01 (output)
transmission
1 0/1 | 0N 1 1 0 1 1 X 0 1 X X Master | SCKO1 SIo1 SO01 | SI00/P11
Note4 | Note4 Note3 [Note3 CS|01 (OUtpUt)
transmission
/reception
0|1 0 1 1 0 1 X x X x X x 1 x UARTO P43 P44 P45 RxDO
Note3 [Note3 | Note3 |Note3 [Note3 [Note3 .
reception
Note5, 6
Notes 1. The SEO register is a read-only status register which is set using the SS0 and STO registers.
2. When channel 1 of unit 0 is set to UARTO reception, this pin becomes an RxDO function pin. In this case,
set channel 0 of unit 0 to operation stop mode or UARTO transmission (refer to Table 12-5).
When channel 0 of unit 0 is set to CSI00, this pin cannot be used as an RxDO function pin. In this case, set
channel 1 of unit 0 to operation stop mode or CSIO1.
3. This pin can be set as a port function pin.
4. Thisis 0 or 1, depending on the communication operation. For details, refer to 12.3 (12) Serial output
register m (SOm).
5. When using UARTO transmission and reception in a pair, set channel 0 of unit 0 to UARTO transmission
(refer to Table 12-5).
6. The SMROO register of channel 0 of unit 0 must also be set during UARTO reception. For details, refer to
12.6.2 (1) Register setting.
Remark X: Don't care
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Table 12-7. Relationship between register settings and pins
(Channel 2 of unit 0: CSI10, UART1 transmission, IIC10)

SE [ MD | MD |SOE| SO |CKO|TXE [RXE| PM | P04 | PM03| P03 | PM02 [ PO2| Operation mode Pin Function
Note2 | Note2
Q2 102210211 02 | 02| 02 | 02 | 02 | 04 SCK10/ |sl1o/sDA10/| SO10/
SCL10/P04| RxD1/P03 | TxD1/P02
Note2
ofof|O0]| O 1 1 0 0 x x x x x x Operation stop P04 P03 P02
Note3 | Note3 Note3 |Note3 | Note3 |Note3
0|1 mode PO3/RxD1
1 0 P03
1 ojJo0foO 1 1 0 1 1 x 1 x x X Slave CSI10 SCK10 S0 P02
Note3 |Note3 . .
reception (input)
1 (01| 1 1 0 1 X X x 0 1 Slave CSI10 SCK10 P03 SO10
Note4 Note3 | Note3 . .
transmission (input)
1 (01| 1 1 1 1 x 1 x 0 1 Slave CSI10 SCK10 S0 SO10
Noted transmission /reception|  (input)
0 1 ]1]01]0 1 0 1 1 x X X Master CSI10 SCK10 SO P02
Note4 Note3 |Note3 .
reception (output)
1 101 | 0N 1 0 0 1 x x 0 1 Master CSI10 SCK10 P03 SO10
Note4 | Noted Note3 | Note3 . .
transmission (output)
1 101 | 0N 1 1 0 1 1 x 0 1 Master CSI10 SCK10 SO0 SO10
Note4 | Note4 o .
transmission /reception| (output)
0|1 1 (01| 1 1 0 x x x x 0 1 UARTA1 P04 PO3/RxD1 TxD1
Note4d Note3 | Note3 Note3 | Note3 . . Note5
transmission
0 1 0|0 |O1|01] O 0 0 1 0 1 X X lIC10 SCL10 SDA10 P02
Note6 | Note6 ] 0 Note3 |Note3 start condition
0 1
1 1 101 | 0N 1 0 0 1 0 1 x X I1IC10 address field SCL10 SDA10 P02
Note4 | Note4 Note3 |Note3 L
transmission
1 [0/ | 0N 1 0 0 1 0 1 X X 1IC10 data SCL10 SDA10 P02
Note4 | Note4 Note3 |Note3 .
transmission
1 (01|01 | O 1 0 1 0 1 x x 1IC10 data SCL10 SDA10 P02
Note4 | Noted Note3 |Note3 .
reception
0 0 |01]01 ]| O 0 0 1 0 1 X X lIC10 SCL10 SDA10 P02
Note7 | Note7 Note3 |Note3 .
1 0 stop condition
0 1
Notes 1. The SEO register is a read-only status register which is set using the SS0 and STO registers.

. When channel 3 of unit 0 is set to UART1 reception, this pin becomes an RxD1 function pin (refer to Table

12-8). In this case, operation stop mode or UART1 transmission must be selected for channel 2 of unit 0.

. This pin can be set as a port function pin.
. Thisis 0 or 1, depending on the communication operation. For details, refer to 12.3 (12) Serial output

register m (SOm).

. When using UART1 transmission and reception in a pair, set channel 3 of unit 0 to UART1 reception (refer

to Table 12-8).

. Set the CKOO02 bit to 1 before a start condition is generated. Clear the SO02 bit from 1 to 0 when the start

condition is generated.

. Set the CKOO02 bit to 1 before a stop condition is generated. Clear the SO02 bit from 0 to 1 when the stop

condition is generated.

Remark X: Don'’t care
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Table 12-8. Relationship between register settings and pins (Channel 3 of unit 0: UART1 reception)

seo3™™' | MDo32 MDO031 TXEO3 RXE03 | PM03""** | P03""** | Operation Pin Function
mode | 5110/SDA10/RxD1/P03
Note2
0 0 1 0 0 Kot M| Operation | SI10/SDA10/P03 "*'*?
stop mode
1 0 1 0 1 1 x UART1 RxD1
reception

Notes4, 5

Notes 1. The SEO register is a read-only status register which is set using the SS0 and STO registers.
2. When channel 3 of unit 0 is set to UART1 reception, this pin becomes an RxD1 function pin. In this case,
set channel 2 of unit 0 to operation stop mode or UART1 transmission (refer to Table 12-7).

When channel 2 of unit 0 is set to CSI10 or [IC10, this pin cannot be used as an RxD1 function pin. In this
case, set channel 3 of unit 0 to operation stop mode.
3. This pin can be set as a port function pin.

4. When using UART1 transmission and reception in a pair, set channel 2 of unit 0 to UART1 transmission
(refer to Table 12-7).

5. The SMRO02 register of channel 2 of unit 0 must also be set during UART1 reception. For details, refer to
12.6.2 (1) Register setting.

Remark X: Don’t care
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Table 12-9. Relationship between register settings and pins
(Channel 0 of unit 1: CSI20, UART2 transmission, 11C20)

SE [MD | MD | SOE| SO |CKO|TXE|RXE| PM [P142( PM [P143| PM |P144] Operation mode Pin Function
Note2
Nl& 102|101 10 | 10 | 10 | 10 | 10 [ 142 J:‘tg 144 SCK20/ | si20/sDA20/|  sO20/
SCL20/P142| RxD2/P143 | TxD2/P144
Note2
0 0 0 0 1 1 0 0 X X X X x X Operation stop P142 P143 P144
Note3 | Note3 |Note3 | Note3 | Note3 | Note3
0| 1 mode P143/RxD2
1 0 P143
1 0| O 0 1 1 0 1 1 x 1 x x x Slave CSI20 SCK20 SI20 P144
Note3 | Note3 . .
reception (input)
1 ]01 | 1 1 0 1 x X x 0 1 Slave CSI20 SCK20 P143 S020
Note4 Note3 | Note3 . .
transmission (input)
1 01| 1 1 1 1 x 1 x 0 1 Slave CSI20 SCK20 SI20 S020
Noted transmission/reception (input)
0 1 (01 ] 0 1 0 1 1 x x X Master CSI20 SCK20 SI20 P144
Note4 Note3 | Note3 .
reception (output)
1 (01|01 | 1 0 0 1 x x 0 1 Master CSI20 SCK20 P143 S020
Note4 | Note4 Note3 | Note3 . .
transmission (output)
1 101|101 | 1 1 0 1 1 x 0 1 Master CSI20 SCK20 SI20 S020
Note4 | Note4 o .
transmission/reception (output)
0| 1 1 |01 | 1 1 0 x x x x 0 1 UART2 P142 P143/RxD2 TxD2
Note4d Note3 | Note3 |Note3 | Note3 . . _Note5
transmission
0 |1 0 0 (01]01 | O 0 0 1 0 1 x X 1IC20 SCL20 SDA20 P144
Note6 | Note6 ] 0 Note3 | Note3 start condition
0 1
1 1 (01|01 | 1 0 0 1 0 1 x x I1IC20 address field SCL20 SDA20 P144
Note4 | Note4 Note3 | Note3 I
transmission
1 101|101 | 1 0 0 1 0 1 x X 1IC20 data SCL20 SDA20 P144
Note4 | Note4 Note3 | Note3 .
transmission
1 |01]01 | O 1 0 1 0 1 x x 1IC20 data SCL20 SDA20 P144
Note4 | Note4 Note3 | Note3 .
reception
0 0 (01]0M1 | O 0 0 1 0 1 x X 1IC20 SCL20 SDA20 P144
Note7 | Note7 Note3 | Note3 .
1 0 stop condition
0 1
Notes 1. The SE1 register is a read-only status register which is set using the SS1 and ST1 registers.

. When channel 1 of unit 1 is set to UART2 reception, this pin becomes an RxD2 function pin (refer to Table

12-10). In this case, operation stop mode or UART2 transmission must be selected for channel 0 of unit 1.

. This pin can be set as a port function pin.
. Thisis 0 or 1, depending on the communication operation. For details, refer to 12.3 (12) Serial output

register m (SOm).

to Table 12-10).

condition is generated.

condition is generated.

Remark X: Don'’t care
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. When using UART2 transmission and reception in a pair, set channel 1 of unit 1 to UART2 reception (refer
. Set the CKO10 bit to 1 before a start condition is generated. Clear the SO10 bit from 1 to 0 when the start

. Set the CKO10 bit to 1 before a stop condition is generated. Clear the SO10 bit from 0 to 1 when the stop
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Table 12-10. Relationship between register settings and pins (Channel 1 of unit 1: UART2 reception)

SE11"*" | MD112 MD111 TXE11 RXE11 | PM143""*| P143"**** | Operation Pin Function
mode SI20/SDA20/RxD2/P143
Note2
0 0 1 0 0 xores <% Operation SI120/SDA20/P143
stop mode
1 0 1 0 1 1 x UART2 RxD2
reception
Notes4, 5
Notes 1. The SE1 register is a read-only status register which is set using the SS1 and ST1 registers.
2. When channel 1 of unit 1 is set to UART2 reception, this pin becomes an RxD2 function pin. In this case,
set channel 0 of unit 1 to operation stop mode or UART2 transmission (refer to Table 12-9).
When channel 0 of unit 1 is set to CSI20 or [IC20, this pin cannot be used as an RxD2 function pin. In this
case, set channel 1 of unit 1 to operation stop mode.
3. This pin can be set as a port function pin.
4. When using UART2 transmission and reception in a pair, set channel 0 of unit 1 to UART2 transmission
(refer to Table 12-9).
5. The SMR10 register of channel 0 of unit 1 must also be set during UART2 reception. For details, refer to
12.6.2 (1) Register setting.
Remark X: Don’t care
492
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Table 12-11. Relationship between register settings and pins (Channel 2 of unit 1: UART3 transmission)

SE12 MD122 [ MD121 | SOE12 | SO12 | TXE12 | RXE12 [ PM13 P13 Operation Pin Function
Note1
mode TXD3/P13
0 0 1 1 0 0 x x Operation P13
Note2 Note2
stop mode
1 0 1 1 or1 " 1 0 0 1 UART3 TxD3
transmission
Note4d
Notes 1.

2. This pin can be set as a port function pin.

register m (SOm).

to Table 12-12).

Remark X: Don'’t care

The SE1 register is a read-only status register which is set using the SS1 and ST1 registers.
. Thisis 0 or 1, depending on the communication operation. For details, refer to 12.3 (12) Serial output

. When using UART3 transmission and reception in a pair, set channel 3 of unit 1 to UART3 reception (refer

Table 12-12. Relationship between register settings and pins (Channel 3 of unit 1: UART3 reception)

SE13 ! MD132 MD131 TXE13 RXE13 PM14 P14 Operation Pin Function
mode RxD3/P14
0 0 1 0 0 hote M2 | Operation P14
stop
mode
1 0 1 0 1 1 x UART3 RxD3
reception
Notes3, 4
Notes 1.

2. This pin can be set as a port function pin.

3.

(refer to Table 12-11).

Remark X: Don'’t care

User's Manual U17893EJ8VOUD

The SE1 register is a read-only status register which is set using the SS1 and ST1 registers.
When using UARTS3 transmission and reception in a pair, set channel 2 of unit 1 to UART3 transmission

The SMR12 register of channel 2 of unit 1 must also be set during UART3 reception. For details, refer to
12.6.2 (1) Register setting.
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CHAPTER 13 SERIAL INTERFACE IICO

13.1 Functions of Serial Interface IIC0O

Serial interface 11CO has the following two modes.

)

)

Operation stop mode
This mode is used when serial transfers are not performed. It can therefore be used to reduce power
consumption.

I’C bus mode (multimaster supported)

This mode is used for 8-bit data transfers with several devices via two lines: a serial clock (SCLO) line and a
serial data bus (SDADO) line.

This mode complies with the I°C bus format and the master device can generated “start condition”, “address”,
“transfer direction specification”, “data”, and “stop condition” data to the slave device, via the serial data bus.
The slave device automatically detects these received status and data by hardware. This function can simplify
the part of application program that controls the I°C bus.

Since the SCLO and SDAO pins are used for open drain outputs, [ICO requires pull-up resistors for the serial

clock line and the serial data bus line.

Figure 13-1 shows a block diagram of serial interface 11CO.
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CHAPTER 13 SERIAL INTERFACE IICO

Figure 13-1. Block Diagram of Serial Interface 11CO

Internal bus

1IC status register 0 (11ICS0)

|MSTSO‘ALDO‘EXCO‘ (o10][0] TRCO‘ACKDO‘STDO‘SPDO|
1IC control register 0 (I