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Notice

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.

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 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.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

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

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 systems 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.

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

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

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.

(2012.4)




NOTES FOR CMOS DEVICES

(1) 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 VIL
(MAX) and VIH (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 VIL (MAX) and VIH (MIN).

(2) 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 VDD 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.

(3) 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.

(4) 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/O 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.

(5) 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.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/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.




Readers

Purpose

Organization

How to Read This Manual

Conventions

How to Use This Manual

This manual is intended for user engineers who wish to understand the functions of the
78KO0/Fx2-L microcontrollers and design and develop application systems and programs for
these devices.

The target products are as follows.

e 78KO/FY2-L: uPD78F0854, 78F0855, 78F0856
e 78KO0/FA2-L: 4PD78F0857, 78F0858, 78F0859
e 78KO0/FB2-L: 4PD78F0864, 78F0865

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

The manual for the 78KO0/Fx2-L microcontrollers is separated into two parts: this manual
and the instructions edition (common to the 78K0 microcontrollers).

78KO0/Fx2-L 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
e Pin functions e CPU functions
¢ Internal block functions e Instruction set
e Interrupts e Explanation of each instruction

e Other on-chip peripheral functions
o Electrical specifications

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

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.

e How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a reserved
word in the RA78KO0, and is defined as an sfr variable using the #pragma sfr directive
in the CC78KO0.

e To know details of the 78K0 microcontroller instructions:
— Refer to the separate document 78K/0 Series Instructions User's Manual

(U12326E).
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 S XXXX OF XXXXB

Decimal S XXXX

Hexadecimal ---xxxxH



Related Documents
However, preliminary versions are not marked as such.

Documents Related to Devices

The related documents indicated in this publication may include

preliminary versions.

Document Name

Document No.

78K0/Fx2-L User's Manual U19856E
78K/0 Series Instructions User’'s Manual U12326E
78K0 Microcontrollers User's Manual Self Programming Library Type 01 U18274E

78K0 Microcontrollers Self Programming Library Type 01 Ver. 3.10 Operating Precautions (Notification
Document)

ZUD-CD-09-0122-E

78K0 Microcontrollers User's Manual EEPROM™ Emulation Library Type 01

U18275E

78K0 Microcontrollers EEPROM Emulation Library Type 01 Ver.2.10 Operating Precautions (Notification
Document)

ZUD-CD-09-0165-E

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

Document Name

Document No.

QB-78K0OFX2L In-Circuit Emulator

To be prepared

QB-MINI2 On-Chip Debug Emulator with Programming Function

U18371E

QB-Programmer Programming GUI Operation

U18527E

Documents Related to Flash Memory Programming (User’'s Manual)

Document Name

Document No.

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 for designing.




Documents Related to Development Tools (Software)

Document Name

Document No.

Note 1

RA78KO0 Ver.3.80 Assembler Package User’'s Manual Operation U17199E
Language U17198E
Structured Assembly Language U17197E

78K0 Assembler Package RA78KO0 Ver.4.01 Operating Precautions (Notification Document)NOte ! ZUD-CD-07-0181-E

CC78KO Ver.3.70 C Compiler User's Manual"°' 2 Operation U17201E
Language U17200E

78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions (Notification Document)Note 2 ZUD-CD-07-0103-E

SM+ System Simulator User's Manual Operation U18601E
User Open Interface U18212E

ID78K0-QB Ver.2.94 Integrated Debugger User's Manual Operation U18330E

ID78K0-QB Ver.3.00 Integrated Debugger User's Manual Operation U18492E

PM plus Ver.5.20NOte 3 User’s Manual U16934E

PM+ Ver.6.30"%" * User's Manual U18416E

Notes 1. This document is installed into the PC together with the tool when installing RA78K0 Ver. 4.01. For

descriptions not included in “78K0 Assembler Package RA78KO0 Ver. 4.01 Operating Precautions”, refer to the
user’s manual of RA78K0 Ver. 3.80.

2. This document is installed into the PC together with the tool when instaling CC78K0 Ver. 4.00. For
descriptions not included in “78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions”, refer to the user’s
manual of CC78KO0 Ver. 3.70.

3. PMplus Ver. 5.20 is the integrated development environment included with RA78KO0 Ver. 3.80.

4. PM+ Ver. 6.30 is the integrated development environment included with RA78K0 Ver. 4.01. Software tool

(assembler, C compiler, debugger, and simulator) products of different versions can be managed.

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://www2.renesas.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.

All trademarks and registered trademarks are the property of their respective owners.
EEPROM is atrademark of Renesas Electronics Corporation.

Windows is aregistered trademark or trademark of Microsoft Corporation in the United States and/or other countries.

SuperFlash is aregistered trademark of Silicon Storage Technology, Inc. in severa countries including the United States

and Japan.

‘ Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.
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78K0/Fx2-L RO1UHO068EJ0203
RENESAS MCU Rev.2.03
Jun 29, 2012

CHAPTER 1 OUTLINE

1.1 Features

O 78K0 CPU core
O /0 ports, ROM and RAM capacities

Item I/O Ports Program Memory Data Memory (Internal
Products (Flash Memory) High-Speed RAM)
78KO0/FY2-L (16 pins) 11 (CMOS I/0: 9, CMOS input: 2) 4 KB to 16 KB 384 bytes to 768 bytes
78K0/FA2-L (20 pins) 15 (CMOS 1/0: 13, CMOS input: 2) 8 KB and 16 KB 512 bytes and 768 bytes
78KO0/FB2-L (30 pins) 24 (CMOS 1/0: 22, CMOS input: 2)

O Low power consumption (Voo = 3.0 V, Ta = —40 to +85°C)
e Internal high-speed oscillator operation mode: 220 yA (TYP.) (fcru = 1 MHz operation)

* STOP mode: 0.65 uA (TYP.) (fi. = 30 kHz operation)
O Clock
¢ High-speed system clock ... Selected from the following three sources
- Ceramic/crystal resonator: 2 t0 20 MHz
- External clock: 2to0 20 MHz

- Internal high-speed oscillator:
4 MHz £2% (-20 to +70°C),
4 MHz +3% (—40 to +85°C),
or 8 MHz +3% (-40 to +85°C)
e Internal low-speed oscillator 30 kHz (TYP.) ... Watchdog timer, timer clock in intermittent operation

O Timer

® 16-bit timer X ... PWM output, operation in conjunction with an external signal, synchronous output
of up to four channels (available only in 78K0/FB2-L), A/D conversion trigger
generation

¢ 16-bit timer/event counter ... PPG output, capture input, external event counter input

¢ 8-bit timer H1 ... PWM output, operable with low-speed internal oscillation clock

* 8-bit timer/event counter 51 ... PWM output, external event counter input

e Watchdog timer ... Operable with internal low-speed oscillation clock

Item 16-bit Timer 16-bit Timer/ 8-bit Timer Watchdog Timer

Products Event Counter

78KO0/FY2-L (16 pins) 1ch 1ch Timer H1: 1 ch 1ch

78K0/FA2-L (20 pins) Timer 51: 1 ch

78KO0/FB2-L (30 pins) 2ch

RO1UHO0068EJ0203 Rev.2.03 RENESAS 15
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O Serial interface

¢ UART®6 ... Asynchronous 2-wire serial interface
o |ICA ... Clock synchronous 2-wire serial interface, multimaster supported,
standby can be released upon address match in slave mode

e CSI11 ... Clock synchronous 3-wire serial interface, operable as SPI in slave mode
Item UART6 IICA Csi11

Products

78KO0/FY2-L (16 pins) 1ch 1lch -

78KO/FA2-L (20 pins)
78KO0/FB2-L (30 pins)

1lch

O Multiplier (8 bits x 8 bits = 16 bits, 16 bits x 16 bits = 32 bits, 1-clock operation)

O 10-bit resolution A/D conversion

® 78K0/FY2-L: 4 ch
¢ 78K0/FA2-L: 6 ch
e 78K0/FB2-L: 9 ch
O Comparator
¢ 78K0/FY2-L: 1ch
e 78K0/FA2-L: 3 ch
* 78K0/FB2-L: 3 ch
O Power-on-clear (POC) circuit

O Low-voltage detector (LVI) circuit (An interrupt/reset (selectable) is generated when the detection voltage is

reached))

» Detection voltage: Selectable from sixteen levels between 1.91 and 4.22 V

O Single-power-supply flash memory

¢ Flash self programming enabled

» Software protection function: Protected from outside party copying (no flash reading command)

O Safety function

¢ Watchdog timer operated by clock independent from CPU

... A hang-up can be detected even if the system clock stops
o Supply voltage drop detectable by LVI

... Appropriate processing can be executed before the supply voltage drops below the operation voltage

* Equipped with option byte function

... Important system operation settings set in hardware

O On-chip debug function ...Available to control for the target device, and to reference memory

(@)

Assembler and C language supported

O Enhanced development environment
o Support for full-function emulator (IECUBE), and simplified emulator (MINICUBE?2)

O Power supply voltage: Voo =1.8t0 5.5V

O Operating ambient temperature: e (A) grade products: Ta =-40 to +85°C

¢ (A2) grade products: Ta =-40to +125°C

RO1UHO068EJ0203 Rev.2.03
Jun 29, 2012
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78K0/Fx2-L CHAPTER 1 OUTLINE

1.2 Ordering Information
[Part Number]

4 PDT8EO0BXy A X - 300 X

-|'— Semiconductor
G Lead- Product contains no lead in any area (Terminal
free finish is Ni/Pd/Au plating)
Quality Grade
A Special (Ta =—-40 to +85°C)
A2 Special (Ta =-40 to +125°C)
Xy AA - xxx Package Type
54, 55, 56 MA-FAA 16-pin plastic SSOP (5.72 mm (225))
(FY2-L)
57, 58, 59 MC-CAA 20-pin plastic SSOP (7.62 mm (300))
(FA2-L)
64, 65 MC-CAB 30-pin plastic SSOP (7.62 mm (300))
(FB2-L)
Xy High-speed Flash Memory
RAM Capacity Capacity
54, 57 384 bytes 4 KB
55, 58, 64 512 bytes 8 KB
56, 59, 65 768 bytes 16 KB
— Product Type
F Flash memory version
[Example of Part Number]
Lead-free

4 PD78F08 54 MA-A-FAA-G

-I— ]-— T Special

16-pin plastic SSOP (5.72 mm (225))

High-speed RAM: 384 bytes, flash Memory: 4 KB

Flash memory version

RO1UHO068EJ0203 Rev.2.03 R nS 17
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[List of Part Number]

78KO/Fx2-L Package Part Number

microcontrollers

78KO/FY2-L 16-pin plastic SSOP HPD78F0854MAA-FAA-G, 78F0855MAA-FAA-G, 78FO0856MAA-FAA-G,
(5.72 mm (225)) 78F0854MAA2-FAA-G, 78F0855MAA2-FAA-G, 78F0856MAA2-FAA-G

78KO0/FA2-L 20-pin plastic SSOP | u#PD78F0857MCA-CAA-G, 78F0858MCA-CAA-G, 78F0859MCA-CAA-G,
(7.62 mm (300)) 78F0857MCA2-CAA-G, 78F0858MCA2-CAA-G, 78F0859MCA2-CAA-G

78K0/FB2-L 30-pin plastic SSOP 1PD78F0864MCA-CAB-G, 78F0865MCA-CAB-G,
(7.62 mm (300)) 78F0864MCA2-CAB-G, 78F0865MCA2-CAB-G

RO1UHO068EJ0203 Rev.2.03 - zEN ESNS 18
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1.3 Pin Configuration (Top View)

1.3.1 78KO/FY2-L (16 pins)

e 16-pin plastic SSOP (5.72 mm (225))

P60/SCLAO/TXD6 O~—{ 1
P61/SDAAO/RXD6 O=—={ 2 O
RESET 0—{ 3
P122/X2/EXCLK/TOOLDO 0——{4
P121/X1/TOOLCO 0—| 5
REGC o—]6
Vss O———— 7
Voo O—— 8
ANIO to ANI3: Analog Input
AVREF: Analog Reference
Voltage
CMP2+: Comparator Input
EXCLK: External Clock Input
(Main System Clock)
INTPO, INTP1: External Interrupt
Input
P00, PO1: Port 0
P20 to P23: Port 2
P30: Port 3
P60, P61: Port 6
P121, P122: Port 12
REGC: Regulator Capacitance

16
15
14
13
12
11
10

———O AVReF
[~——>0 ANIO/P20
O ANI1/P21

O ANI2/P22

O ANI3/P23/CMP2+
|~——=0 POO0/TI000/INTPO
[~—=0 P01/TO00/TI010
[=~—=0 P30/TOHL/TI51/INTP1

RESET:
RxD6:

SCLAO:
SDAAO:

TIO00, TIO10, TI51:

TOO0O0, TOH1:
TOOLCO:
TOOLDO:
TxD6:

\VbD:

Vss:

X1, X2:

Reset

Receive Data

Serial Clock Input/Qutput
Serial Data Input/Output
Timer Input

Timer Output

Clock Input for Tool

Data Input/Output for Tool
Transmit Data

Power Supply

Ground

Crystal Oscillator

(Main System Clock)

Cautions 1. Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to
a stabilized GND (=0 V).

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

3. ANIO/P20, ANI1/P21, ANI2/P22, and ANI3/P23/CMP2+ are set in the analog input mode after

release of reset.

RO1UHO068EJ0203 Rev.2.03
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1.3.2 78K0/FA2-L (20 pins)

e 20-pin plastic SSOP (7.62 mm (300))

ANI5/P25/CMP1+ O

ANI4/P24/CMPO+ O

P60/SCLAO/TXD6 O

P61/SDAAO/RxD6 ©

RESET O
P122/X2/EXCLK/TOOLDO ©

P121/X1/TOOLCO O

REGCC

20
19
18
17
16
15
14
13

—O AVRer

[«—0 ANIO/P20

«—0 ANI1/P21

~—0 ANI2/P22

=—>0 ANI3/P23/CMP2+
[~—C POO/TIO00/INTPO
[~—C P01/T1010/TO00
[~—=0 P30/TOHL/TI51/INTP1

ANIO to ANI5:
AVREF:

CMPO+ to CMP2+:

EXCLK:

INTPO to INTP3:

P00, PO1:
P20 to P25:
P30 to P32:
P60, P61:
P121, P122:
REGC:

© 00 N o 0o B~ W N PP

Vss O

Vob O

=
o

12 |[=—=0O P31/TOX00/INTP2/TOOLC1
11 |=—=0 P32/TOX01/INTP3/TOOLD1

Analog Input
Analog Reference
Voltage
Comparator Input
External Clock Input
(Main System Clock)
External Interrupt
Input

Port 0

Port 2

Port 3

Port 6

Port 12

Regulator Capacitance

RESET:

RxD6:

SCLAO:

SDAAO:

TI000, TI010, TI51:
TOO0O0, TOH1:

TOOLCO, TOOLC1:
TOOLDO, TOOLD1:

TOX00, TOX01:
TxD6:

VDD:

Vss:

X1, X2:

Reset

Receive Data

Serial Clock Input/Qutput
Serial Data Input/Output
Timer Input

Timer Output

Clock Input for Tool

Data Input/Output for Tool
Timer Output

Transmit Data

Power Supply

Ground

Crystal Oscillator

(Main System Clock)

Cautions 1. Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to
a stabilized GND (=0 V).

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

3. ANIO/P20, ANI1/P21, ANI2/P22, ANI3/P23/CMP2+, ANI4/P24/CMPO0+, and ANI5/P25/CMP1+ are set in
the analog input mode after release of reset.
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1.3.3 78K0/FB2-L (30 pins)

e 30-pin plastic SSOP (7.62 mm (300))

ANI6/P26/CMPCOM O=—>| 1 30 [+=—O ANI8/P70
ANI5/P25/CMP1+ O=—|2 O 29 [+=—=0O ANI7/P27
ANI4/P24/CMPO+ O=—|3 28——OAVss
P60/SCLAO/TXxD6 O=—{4 27 —O AVRer
P61/SDAAO/RXD6 O=—=15 26 |=—0 ANIO/P20
P02/SSI11/INTP5 O~—|6 25 |=—0 ANI1/P21
RESET O—|7 24 |=—0 ANI2/P22
P122/X2/EXCLK/TOOLDO O——| 8 23 [=—0 ANI3/P23/CMP2+
P121/X1/TOOLCO/<TIO00>/<INTP0O> O—{9 22 [=—=0 P0O0/TI000/INTPO
REGC o0—— 10 21 |=—>0 P01/TO00/TI010
Vss O— 11 20 |=~—0 P30/TOH1/TI51/INTP1
Voo O———12 19 [=—=0 P31/TOX00/INTP2/TOOLC1
P37/SO11 O=~—13 18 [=—=0 P32/TOX01/INTP3/TOOLD1
P36/SI11 O=—] 14 17 [=—=0 P33/TOX10
P35/SCK11 0=—=] 15 16 [+—0 P34/TOX11/INTP4
ANIO to ANI8: Analog Input RxD6: Receive Data
AVREF: Analog Reference Voltage SCLAOQ, SCK11: Serial Clock Input/Output
AVss: Analog Ground SDAAO: Serial Data Input/Output
CMPO+ to CMP2+: Comparator Input SI11: Serial Data Input
EXCLK: External Clock Input SO11: Serial Data Output
(Main System Clock) SSI11: Serial Interface Chip
CMPCOM: Comparator Common Input TIOO0O, TIO10, TI51: Timer Input
INTPO to INTP5: External Interrupt Input TOO00, TOH1: Timer Output
P00 to P02: Port 0 TOOLCO, TOOLC1: Clock Input for Tool
P20 to P27: Port 2 TOOLDO, TOOLDZ1: Data Input/Output for Tool
P30 to P37: Port 3 TOX00, TOX01,
P60, P61: Port 6 TOX10, TOX11: Timer Output
P70: Port 7 TxD6: Transmit Data
P121, P122: Port 12 VDD: Power Supply
REGC: Regulator Capacitance Vss: Ground
RESET: Reset X1, X2: Crystal Oscillator

Cautions 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
ANI2/P22,

2. ANIO/P20,

ANI1/P21,

ANI3/P23/CMP2+,

ANI4/P24/CMPO+,

(Main System Clock)

ANI5/P25/CMP1+,

ANI6/P26/CMPCOM, ANI7/P27, and ANI8/P70 are set in the analog input mode after release of

reset.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).

RO1UHO068EJ0203 Rev.2.03
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1.4 Block Diagram

1.4.1 78KO/FY2-L (16 pins)

16-bit TIMER X0 | <) PorTo K2 >Poo, P01
TOO00/TI010/P01 16-bit TIMER/ <:> < : ) PORT 2 @pzo.ng
T1000/P00 — EVENT COUNTER 00
RXD6/P61<LINSEL> (~ PORT3  |[~——=P30
TI51/P30 —~| 8-bit TIMERSL K _»
<:> PORT 6 <Z>P60, P61
TOH1/P30 =——— 8-bit TMERHL K> ()| PORT12 K Zp121, P12
4 POWER ON CLEAR/
INTERNAL <:> LOW VOLTAGE POC/LVI
LOW-SPEED CONTROL
INDICATOR
OSCILLATOR 78K/0
7 FLASH
CPU
MEMORY
WATCHDOG TIMER [ ) CORE K—>| RESET CONTROL
wdopor | SERAL 0 0] ko ovonomsus [ Tooe0
X INTERFACE UART6 <:>
SDAAO/P61 ~—| SERIAL CSJA?TT;E(’\)AL
SCLAO/P60 ~—=| INTERFACE IICA - INTERNAL RESET
HIGH-SPEED INTERNAL i;;;)l(ZClLK/PHZ
AVrer RAM HIGH-SPEED
OSCILLATOR
AID CONVERTER ')
ANIO/P20-ANI3/P23 [4_ >
VOLTAGE
REGULATOR REGC
CMP2+/P23 —~| COMPARATOR K>
RXD6/P61<LINSEL> -1
INTPO/P
0/Po0 INTERRUPT |/
INTPL/P30 —|  CONTROL
Vob Vss

Cautions 1. Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to
a stabilized GND (=0 V).

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

3. ANIO/P20, ANI1/P21, ANI2/P22, and ANI3/P23/CMP2+ are set in the analog input mode after

release of reset.
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1.4.2 78K0/FA2-L (20 pins)

TOXO00/P31 ~—
TOXO01/P32 =—]

16-bit TIMER X0

TOO0O/TI010/P0O1 ~~—]

TI000/PO0 j—>
RxD6/P61<LINSEL>

16-bit TIMER/
EVENT COUNTER 00

TI51/P30 —

8-bit TIMER 51

TOH1/P30 =—

8-bit TIMER H1

g ¢ 0 U

[}
INTERNAL
LOW-SPEED
OSCILLATOR

)

WATCHDOG TIMER

RxD6/P61 ——
TxD6/P60 ~—]

SERIAL
INTERFACE UART6

LINSEL

SDAAOQ/P61 ~—
SCLAQ/P60 ~—

SERIAL
INTERFACE IICA

AVRer

ANIO/P20-ANI5/P25 [ 6 >

A/D CONVERTER

CMP+/P24,
CMP1+/P25,
CMP2+/P23

COMPARATOR

RXxD6/P61<LINSEL>
INTPO/POO j—’

INTPLIP30, INTP2IP3L, INTP3P32 [ 3 )

INTERRUPT
CONTROL

g 4 ¢ ¢ 48

Cautions 1.

a stabilized GND (=0 V).
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
3. ANIO/P20, ANI1/P21, ANI2/P22, ANI3/P23/CMP2+, ANI4/P24/CMPO0O+, and ANI5/P25/CMP1+ are set in
the analog input mode after release of reset.

?PK(JO FLASH
SBL | | mewmory

g 4

PORT 0 K2 Poo, Po1
PORT 2 6 P20P25
PORT 3 (3 P3o-p32
PORT 6 2> P60, P61
PORT12  K"2 Jp121,P122
A e
INDICATOR
RESET CONTROL

g8 8 8¢ 00Q

ON-CHIP DEBUG

g

INTERNAL
HIGH-SPEED
RAM

SYSTEM
CONTROL RESET
X1/P121
INTERNAL X2/EXCLK/P122
HIGH-SPEED
OSCILLATOR
VOLTAGE
REGULATOR REGC

[+ TOOLCO0/X1, TOOLC1/P31
|—— TOOLDO0/X2, TOOLD1/P32

Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to
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1.4.3 78K0/FB2-L (30 pins)

TOX00/P31 ~—|
TOX01/P32 =~——f

16-bit TIMER X0

TOX10/P33 -—|
TOX11/P34 ~—|

16-bit TIMER X1

TOO0/TI010/P01 =]

<TI000>/P121 —=]
TIO00/P0O
RxD6/P61 (LINSEL)

16-bit TIMER/
EVENT COUNTER 00

TI51/P30 ——

8-bit TIMER/
EVENT COUNTER 51

78K/0
CPU
CORE

FLASH
MEMORY

TOH1/P30 -—

8-bit TIMER H1

g ¢ ¢ 0 g

1
INTERNAL
LOW-SPEED
OSCILLATOR

)

WATCHDOG TIMER

RXxD6/P61 ——|
TxD6/P60 ~——|

SERIAL
INTERFACE UART6

LINSEL

SDAAO/P61 ~—=
SCLAO/P60 ~—

SERIAL
INTERFACE IICA

SCK11/P35 =—=
SI111/P36 ——
SO11/P37 =~——
SSI11/P02 —~

SERIAL
INTERFACE CSI11

g 40 438

AVrer
AVss

ANIO/P20 to ANI7/P27

ANI8/P70 ——

A/D CONVERTER

CMPO+/P24,
CMP1+/P25,
CMP2+/P23

CMPCOM/P26 =—]

COMPARATOR

TXD6/P60 (LINSEL)
INTPO/POO 1
<INTPO>/P121 —|

INTP1/P30 to INTP3/P32,
INTP4/P34, INTP5/P02

INTERRUPT
CONTROL

-

g U

Cautions 1.
2. ANIO/P20,

ANI1/P21,

ANI2/P22,

i’

INTERNAL
HIGH-SPEED
RAM

gt g8 88y

PorRT0 (K3 >PO00to P02
PORT2 K8 »>P20toP27
PoRT3 (B >P30to P37
porT6 [ Z >P60, P61
PORT 7 P70
porT12 ("2 ]P121,P122

-

POWER ON CLEAR/

-

LOW VOLTAGE CF(’)O,\‘CT’;\(’)'L
INDICATOR
RESET CONTROL

-

ON-CHIP DEBUG

TOOLCO/X1, TOOLC1/P31
TOOLDO0/X2, TOOLD1/P32

SYSTEM
CONTROL |, ==emsr
X1/P121
INTERNAL [«~—X2/EXCLK/P122
HIGH-SPEED
OSCILLATOR
VOLTAGE
REGULATOR REGC

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

ANI3/P23/CMP2+,  ANI4/P24/CMPO+,

ANI5/P25/CMP1+,

ANI6/P26/CMPCOM, ANI7/P27, and ANI8/P70 are set in the analog input mode after release of

reset.

Remark

Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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1.5 Outline of Functions

Item 78KO/FY2-L 78KO/FA2-L 78K0/FB2-L
16 pins 20 pins 30 pins
Internal | Flash memory 4 KBto 16 KB 8 KB and 16 KB

memory | (self-programming

supported)

High-Speed RAM

384 bytes to 768 bytes

512 bytes and 768 bytes

Memory space

64 KB

Clock

High-speed system

2 to 20 MHz""®**; Voo =4.0t0 5.5V, 2 to 10 MHz: Voo =2.7t0 5.5V, or

speed oscillation

to +85°C): Voo = 1.8 to 5.5 V2

| :
(crystal/ceramic 20 5 MHz: Voo = 1.8 to 5.5 V©?
c | oscillation, external
g clock input)
Internal high- 4 MHz +2% (Ta = —20 to +70°C)""®*, 4 MHz +3% (Ta = —40 to +85°C)"*"**, or 8 MHz +3% (Ta = —40

Internal low-speed
oscillation

30 kHz (TYP.): Voo = 1.8t0 5.5 V"'¢2

General-purpose registers

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

Instruction set

« 8-bit operation, 16-bit operation

« Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)

< Bit manipulate (set, reset, test, and Boolean operation)

« BCD adjust, etc.

1/0 ports

11 15
(CMOS 1/0: 9, CMOS input: 2)

(CMOS 1/0: 13, CMOS input: 2)

24

(CMOS 1/0: 22, CMOS input: 2)

Timer

16 bits (TMX)

lch 1 ch (PWM output: 2)

2 ch (PWM output: 4)

16 bits (TMO)

1 ch (capture input: 1)

1 ch (PPG output: 1,
capture input: 2)

8 bits (TM51)

1ch

8 bits (TMH1)

1 ch (PWM output: 1)

Watchdog (WDT)

1ch

Notes 1. When using a 4 MHz clock, operation at 20 MHz is possible by using PLL.

2. This is applicable to a (A) grade product. See CHAPTER 28 ELECTRICAL SPECIFICATIONS

((A2) GRADE PRODUCTS) for products with (A2) grade product.

1/2)
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2/2)
Item 78KO/FY2-L 78KO0/FA2-L 78K0/FB2-L
16 pins 20 pins 30 pins
Serial UART6 1ch
interface IICA 1ch
CSl11 - 1ch
10-bit A/D converter 4 ch 6 ch 9ch
Comparator 1ch 3ch
Multiplier 8 bits x 8 bits = 16 bits, 16 bits x 16 bits = 32 bits
Vectored interrupt | External | 3 7 9
sources
Internal | 11 11 13
Reset * Reset using RESET pin
« Internal reset by watchdog timer
« Internal reset by power-on-clear (POC)
« Internal reset by low-voltage detector (LVI)
On-chip debug function Provided
Power supply voltage Voo =1.8t05.5V
Operating ambient (A) grade products: Ta = —40 to +85°C, (A2) grade products: Ta =-40 to +125°C
temperature
Package 16-pin plastic SSOP 20-pin plastic SSOP 30-pin plastic SSOP
(5.72 mm (225)) (7.62 mm (300)) (7.62 mm (300))
RO1UHO068EJ0203 Rev.2.03 26
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CHAPTER 2 PIN FUNCTIONS

CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

There are two types of pin I/0O buffer power supplies: AVrer and Vop. The relationship between these power supplies
and the pins is shown below.

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

Power Supply

Corresponding Pins

AVRer

P20 to P27, P70N°'®

Vop

Pins other than P20 to P27, P70 Note

Note 78KO/FY2-L: P20 to P23
78K0/FA2-L: P20 to P25
78K0/FB2-L: P20 to P27, P70

RO1UHO0068EJ0203 Rev.2.03
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CHAPTER 2 PIN FUNCTIONS

2.1.1 78KO/FY2-L

(1) Port functions: 78K0/FY2-L

Function Name I/O Function After Reset Alternate Function
P00 I/10 Port 0. Input port TIO00/INTPO
PO1 2-bit /O port. TO00/TIO10
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P20 I/O Port 2. Analog input | ANIO
p21 4-bit I/O port. ANI1
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3/CMP2+
P30 110 Port 3. Input port TOH1/TI51/INTP1
1-bit 1/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.
P60 I/10 Port 6. Input port SCLAO0/TxD6
2-bit I/O port.
P61 Input/output can be specified in 1-bit units. SDAAO0/RxD6
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.
P121 Input Port 12. Input port X1/TOOLCO
P122 2-bit input-only port. X2/EXCLK/TOOLDO
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(2) Non-port functions: 78K0/FY2-L

Function Name 110 Function After Reset Alternate Function
ANIO Input A/D converter analog input Analog input | P20
ANI1 P21
ANI2 P22
ANI3 P23
CMP2+ Input Comparator input Analog input | P23/ANI31
INTPO Input External interrupt request input for which the valid edge Input port POO/TI000
INTP1 (rising edge, falling edge, or both rising and falling P30/TOH1/TI51
edges) can be specified
REGC - Connecting regulator output (2.0 V/2.4 V) stabilization - -
capacitance for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input Reset Input -
RxD6 Input Serial data input to UART6 Input port P61/SDAAO
TxD6 Output Serial data output from UART6 P60/SCLAO
SCLAO 1/0 Clock input/output for I°C Input port P60/TxD6
SDAAO Serial data /O for I°C P61/RxD6
TI000 Input External count clock input to 16-bit timer/event counter Input port POO/INTPO
00
Capture trigger input to capture registers (CR000,
CRO010) of 16-bit timer/event counter 00
TI010 Capture trigger input to capture register (CR000) of 16- P01/TO00
bit timer/event counter 00
TI51 Input External count clock input to 8-bit timer/event counter 51 | Input port P30/TOH1/INTP1
TOO00 Output 16-bit timer/event counter 00 output Input port P01/TI010
TOH1 Output 8-bit timer H1 output Input port P30/TIS1/INTP1
X1 - Connecting resonator for main system clock Input port P121/TOOLCO
X2 P122/EXCLK/TOOLDO
EXCLK Input External clock input for main system clock Input port P122/X2/TOOLDO
Vop - Positive power supply for pins other than port 2 - -
AVREF A/D converter reference voltage input and positive power
supply for port 2 and A/D converter
Vss - Ground potential - -
TOOLCO Input Clock input for flash memory programmer/on-chip Input port P121/X1
debugger
TOOLDO /10 Data 1/O for flash memory programmer/on-chip debugger P122/X2/EXCLK
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2.1.2 78KO0/FA2-L

(1) Port functions: 78K0/FA2-L

Function Name 110 Function After Reset Alternate Function
P00 I/10 Port 0. Input port TIO00/INTPO
PO1 2-bit /O port. TO00/TIO10
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P20 I/O Port 2. Analog input | ANIO
p21 6-bit 1/0 port. ANI1
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3/CMP2+
P24 ANI4/CMPO+
P25 ANI5/CMP1+
P30 110 Port 3. Input port TOH1/TI51/INTP1
P31 3-bit I/0 port. S TOXOO0/INTP2/
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a TOOLC1
P32 software setting. TOXO01/INTP3/
TOOLD1
P60 I/0 Port 6. Input port SCLAO0/TXD6
2-bit 1/0 port.
P61 Input/output can be specified in 1-bit units. SDAAO/RXD6
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.
P121 Input Port 12. Input port X1/TOOLCO
P122 2-bit input-only port. X2/EXCLK/TOOLDO
(2) Non-port functions : 78K0/FA2-L (1/2)
Function Name 110 Function After Reset Alternate Function
ANIO Input A/D converter analog input Analog input | P20
ANI1 P21
ANI2 P22
ANI3 P23
ANI4 P24
ANI5 P25
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(2) Non-port functions : 78K0/FA2-L (2/2)

Function Name 110 Function After Reset Alternate Function
CMPO+ Input Comparator input Analog input | P24/ANI4
CMP1+ P25/ANI5
CMP2+ P21/ANI1
INTPO Input External interrupt request input for which the valid edge Input port POO/TI000
INTP1 (rising edge, falling edge, or both rising and falling P30/TOH1/TI51
edges) can be specified
INTP2 P31/TOOLC1
INTP3 P32/TOOLD1
REGC - Connecting regulator output (2.0 V/2.4 V) stabilization - -
capacitance for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input Reset Input -
RxD6 Input Serial data input to UART6 Input port P61/SDAAO
TxD6 Output Serial data output from UART6 P60/SCLAO
SCLAO /10 Clock input/output for I°C Input port P60/TxD6
SDAAO Serial data /0 for I°C P61/RxD6
TI000 Input External count clock input to 16-bit timer/event counter Input port POO/INTPO
00
Capture trigger input to capture registers (CR000,
CRO010) of 16-bit timer/event counter 00
TI0O10 Capture trigger input to capture register (CR000) of 16- P01/TO00
bit timer/event counter 00
TI51 Input External count clock input to 8-bit timer/event counter 51 | Input port P30/TOH1/INTP1
TOO00 Output 16-bit timer/event counter 00 output Input port P01/TI010
TOH1 Output 8-bit timer H1 output Input port P30/TI51/INTP1
TOX00 Output 16-bit timer X0 output Input port P31/INTP2/TOOLC1
TOX01 P32/INTP3/TOOLD1
X1 - Connecting resonator for main system clock Input port P121/TOOLCO
X2 P122/EXCLK/TOOLDO
EXCLK Input External clock input for main system clock Input port P122/X2/TOOLDO
Voo - Positive power supply for pins other than port 2 - -
AVREF A/D converter reference voltage input and positive power
supply for port 2 and A/D converter
Vss - Ground potential - -
TOOLCO Input Clock input for flash memory programmer/on-chip Input port P121/X1
TOOLC1 debugger P31/INTP2
TOOLDO 1/0 Data I/O for flash memory programmer/on-chip debugger P122/X2/EXCLK
TOOLD1 P32/INTP3
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2.1.3 78K0/FB2-L

(1) Port functions: 78K0/FB2-L

Function Name I/O Function After Reset Alternate Function
P00 I/10 Port 0. Input port TIO00/INTPO
PO1 3-bit /O port. TO00/TI010
Input/output can be specified in 1-bit units.
P02 Use of an on-chip pull-up resistor can be specified by a SSILL/INTPS
software setting.
P20 I/O Port 2. Analog input | ANIO
p21 8-bit 1/0 port. ANI1
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3/CMP2+
P24 ANI4/CMPO+
P25 ANI5/CMP1+
P26 ANI6/CMPCOM
P27 ANI7
P30 I/0 Port 3. Input port TOHL/TI51/INTP1
P31 8-bit /O port. TOXO00/INTP2/TOOLC1
Input/output can be specified in 1-bit units.
P32 Use of an on-chip pull-up resistor can be specified by a TOXOV/INTP3/TOOLD1
P33 software setting. TOX10
P34 TOX11/INTP4
P35 SCK11
P36 SI11
P37 SO11
P60 lfe} Port 6. Input port SCLAO0/TXD6
P61 2-bit /O port. SDAAO/RXD6
Input/output can be specified in 1-bit units.
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.
P70 1/10 Port 7. Analog input | ANI8
1-bit 1/O port.
Input/output can be specified in 1-bit units.
P121 Input Port 12. Input port X1/TOOLCO/
2-bit input port. <TI000>/<INTPO>
P122 X2/EXCLK/TOOLDO

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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(2) Non-port functions : 78K0/FB2-L (1/2)

Function Name lfe} Function After Reset Alternate Function

ANIO Input A/D converter analog input Analog input | P20

ANI1 P21

ANI2 P22

ANI3 P23/CMP2+

ANI4 P24/CMPO+

ANI5 P25/CMP1+

ANI6 P26/CMPCOM

ANI7 P27

ANI8 P70

CMPO+ Input Comparator input Analog input | P24/ANI4

CMP1+ P25/ANI5

CMP2+ P23/ANI3

CMPCOM Input Comparator common input Analog input | P26/ANI6

INTPO Input External interrupt request input for which the valid edge Input port POO/TI000
(rising edge, falling edge, or both rising and falling P121/X1/TOOLCO/
edges) can be specified <TI000>

INTP1 P30/TOH1/TI51

INTP2 P31/TOX00/TOOLC1

INTP3 P32/TOX01/TOOLD1

INTP4 P34/TOX11

INTP5 P02/SSI11

REGC - Connecting regulator output (2.0 V/2.4 V) stabilization - -
capacitance for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).

RESET Input System reset input Reset input -

RxD6 Input Serial data input to UART6 Input port P61/SDAAO

TxD6 Output Serial data output from UART6 P60/SCLAO

SCLAO /10 Clock input/output for I°C Input port P60/TxD6

SDAAO Serial data /O for I°C P61/RxD6

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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(2) Non-port functions : 78K0/FB2-L (2/2)

Function Name lfe} Function After Reset Alternate Function
SCK11 1/0 Clock input/output for CSI11 Input port P35
Si11 Input Serial data input to CSI11 P36
SO11 Output Serial data output from CSI11 P37
SSI11 Input Chip select input to CSI11 Input port PO2/INTP5
TI000 Input External count clock input to 16-bit timer/event counter Input port POO/INTPO
00 P121/X1/TOOLCO/
Capture trigger input to capture registers (CR000,
CRO010) of 16-bit timer/event counter 00 <INTPO>
TI010 Capture trigger input to capture register (CR000) of 16- P01/TO00
bit timer/event counter 00
TI51 Input External count clock input to 8-bit timer/event counter 51 | Input port P30/TOH1/INTP1
TOO00 Output 16-bit timer/event counter 00 output Input port P01/TI010
TOH1 Output 8-bit timer H1 output Input port P30/TI51/INTP1
TOX00 Output 16-bit timer X0 output Input port P31/INTP2/TOOLC1
TOX01 P32/INTP3/TOOLD1
TOX10 16-bit timer X1 output P33
TOX11 P34/INTP4
X1 - Connecting resonator for main system clock Input port P121/TOOLCO/
<TI000>/<INTPO>
X2 P122/EXCLK/TOOLDO
EXCLK Input External clock input for main system clock Input port P122/X2/TOOLDO
Vob - Positive power supply for pins other than ports 2, 7 - -
AVRer A/D converter reference voltage input and positive power
supply for ports 2, 7 and A/D converter
Vss - Ground potential for pins other than ports 2, 7 - -
AVss Ground potential for ports 2, 7 and A/D converter
TOOLCO Input Clock input for flash memory programmer/on-chip Input port P121/X1/<T1000>/
debugger <INTPO>
TOOLC1 P31/TOX00/INTP2
TOOLDO /0 Data I/O for flash memory programmer/on-chip debugger P122/X2/EXCLK
TOOLD1 P32/TOX01/INTP3

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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2.2 Description of Pin Functions

Remark The pins mounted depend on the product.
Function List.

2.2.1 P00 to P02 (port 0)

Refer to 1.3 Pin Configuration (Top View) and 2.1 Pin

P00 to P02 function as an I/O port. These pins also function as timer 1/O, external interrupt request input, and chip

select input.

78KO/FY2-L (16-pin)

78KO0/FA2-L (20-pin)

78K0/FB2-L (30-pin)

POO/TIO00/INTPO

POO/TIO00/INTPO

P00/TI000

P01/TO00/TI010

P01/TO00/TI010

P01/TO00/TI010

P02/SSI11/INTP5

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

(1) Port mode
P00 to P02 function as an I/O port.
register 0 (PM0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

(2) Control mode

P00 to P02 function as timer 1/O, external interrupt request input, and chip select input.

(8 TI00O

P00 to P02 can be set to input or output port in 1-bit units using port mode

This is the pin for inputting an external count clock to 16-bit timer/event counter 00 and is also for inputting a

capture trigger signal to the capture registers (CR000, CR010) of 16-bit timer/event counter 00.

(b) TIO10

This is the pin for inputting a capture trigger signal to the capture register (CR000) of 16-bit timer/event counter

00.

(c) TO00

This is a timer output pin of 16-bit timer/event counter 0O.

(d) INTPO, INTP5

These are external interrupt request input pins for which the valid edge (rising edge, falling edge, or both rising

and falling edges) can be specified.

(e) SSI11

This is a chip select input pin of serial interface CSI11.
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2.2.2 P20to P27 (port 2)

input.

1)

)

78KO/FY2-L (16-pin)

78KO/FA2-L (20-pin)

78KO0/FB2-L (30-pin)

P20/ANIO P20/ANIO P20/ANIO
P21/ANI1 P21/ANI1 P21/ANI1
P22/ANI2 P22/ANI2 P22/ANI2

P23/ANI3/CMP2+

P23/ANI3/CMP2+

P23/ANI3/CMP2+

P24/ANI4/CMPO+

P24/ANI4/CMPO+

P25/ANI5/CMP1+

P25/ANI5/CMP1+

P26/ANI6/CMPCOM

P27/ANI7

Port mode

P20 to P27 function as an I/O port.

register 2 (PM2).

Control mode

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

P20 to P27 function as A/D converter analog input and comparator input.

(a) ANIO to ANI7

P20 to P27 function as an I/O port. These pins also function as pins for A/D converter analog input and comparator

P20 to P27 can be set to input or output port in 1-bit units using port mode

These are A/D converter analog input pins. When using these pins as analog input pins, refer to (5) ANI0O/P20
to ANI7/P27 and ANI8/P10 to ANI10/P12 in 11.6 Cautions for A/D Converter.

(b) CMPO+to CMP2+

These are comparator input pins.

(c) CMPCOM

This is a comparator common input pin.

Caution ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.
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2.2.3 P30to P37 (port 3)

P30 to P37 function as an I/O port. These pins also function as pins for external interrupt request input, timer 1/0O, clock

input and data I/O for flash memory programmer/on-chip debugger, and clock input and data I/O for serial interface.

78KO/FY2-L (16-pin) 78KO/FA2-L (20-pin)

78KO/FB2-L (30-pin)

P30/TOHL/TIS1/INTP1 P30/TOH1/TI51/INTP1

P30/TOHL/TIS1/INTP1

- P31/TOX00/INTP2/TOOLC1

P31/TOX00/INTP2/TOOLC1

- P32/TOX01/INTP3/TOOLD1

P32/TOX01/INTP3/TOOLD1

P33/TOX10

P34/TOX11/INTP4

P35/SCK11

P36/SI11

P37/SO11

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

(1) Port mode

P30 to P37 function as an I/O port. P30 to P37 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 (PU3).

(2) Control mode

P30 to P37 function as external interrupt request input, timer I/O, clock input and data 1/O for flash memory

programmer/on-chip debugger, and clock input for serial interface.

(@) INTP1to 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) TI51

This is an external count clock input pin to 8-bit timer/event counter 51.

(c) TO51
This is a timer output pin from 8-bit timer/event counter 51.

(d) TOH1
This is the timer output pin of 8-bit timer H1.

(e) TOX00, TOX01
These are the timer output pins of 16-bit timer XO.

(f) TOX10, TOX11
These are the timer output pins of 16-bit timer X1.

(g) TOOLC1

This is the clock input pin for flash memory programmer/on-chip debugger.

(h) TOOLD1

This is the data I/O pin for flash memory programmer/on-chip debugger.
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(i) SCK1ii
This is a serial clock 1/0 pin of serial interface CSI11.

() si1
This is a serial data input pin of serial interface CSI11.

(k) so11
This is a serial data output pin of serial interface CSI11.

Remark For how to connect a flash memory programmer using TOOLC1/P31, TOOLD1/P32, refer to CHAPTER 24
FLASH MEMORY. For how to connect TOOLC1/P31, TOOLD1/P32 and an on-chip debug emulator, refer
to CHAPTER 25 ON-CHIP DEBUG FUNCTION.
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2.2.4 P60 and P61 (port 6)

P60 and P61 function as an I/O port. These pins also function as pins for serial interface data 1/0 and clock 1/O.

Input to the P60 and P61 pins can be specified through a normal input buffer or an SMBus input buffer in 1-bit units,

using port input mode register 6 (PIM6).

Output from the P60 and P61 pins can be specified as normal CMOS output or N-ch open-drain output (Vob tolerance)
in 1-bit units, using port output mode register 6 (POMS).

78KO/FY2-L (16-pin)

78KO/FA2-L (20-pin)

78KO0/FB2-L (30-pin)

P60/SCLAO/TxD6

P60/SCLAO/TxD6

P60/SCLAO/TxD6

P61/SDAAO/RXD6

P61/SDAAO/RXD6

P61/SDAAO/RXD6

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

(1) Port mode

P60 and P61 function as an I/O port. P60 and P61 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 6 (PU6).

(2) Control mode

P60 and P61 function as serial interface data I/O and clock I/O.

(a) SDAAO

This is a serial data I/O pin for serial interface [ICA.

(b) SCLAO

This is a serial clock 1/0 pin for serial interface 1ICA.

(c) RxD6

This is a serial data input pin for serial interface UART®6.

(d) TxD6

This is a serial data output pin for serial interface UART6.
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2.2.5 P70 (port 7)
P70 functions as an I/0 port. This pin also functions as the pin for A/D converter analog input.

78KO/FY2-L (16-pin) 78KO0/FA2-L (20-pin) 78K0/FB2-L (30-pin)

- - P70/ANI8

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

(1) Port mode
P70 functions as an I/O port. P70 can be set to input or output port in 1-bit units using port mode register 7 (PM7).

(2) Control mode
P70 functions as A/D converter analog input.

(a) ANI8
This is an A/D converter analog input pin. When using this pin as analog input pin, refer to (5) ANIO/P20 to
ANI7/P27 and ANI8/P70in 11.6 Cautions for A/D Converter.

Cautions 1. ANI8/P70 is set in the analog input mode after release of reset.
2. Make the AVrer pin the same potential as the Voo pin when ANI8 is used.

2.2.6 P121 and P122 (port 12)

P121 and P122 function as an input port. These pins also function as pins for external interrupt request input,
connecting resonator for main system clock, external clock input for main system clock, timer input, and clock input and
data 1/O for flash memory programmer/on-chip debugger.

78KO/FY2-L (16-pin) 78KO/FA2-L (20-pin) 78KO0/FB2-L (30-pin)
P121/X1/TOOLCO P121/X1/TOOLCO P121/X1/TOOLCO/<TIO00>/<INTPO>
P122/X2/EXCLK/TOOLDO P122/X2/EXCLK/TOOLDO P122/X2/EXCLK/TOOLDO

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).

The following operation modes can be specified in 1-bit units.
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(1) Port mode
P121 and P122 function as an input port.

)

Control mode
P121 and P122 function as pins for external interrupt request input, connecting resonator for main system clock,
external clock input for main system clock, timer input, and clock input and data 1/O for flash memory programmer/on-

chip debugger.

(@)

(b)

()

(d)

(e)

()

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

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

EXCLK
This is an external clock input pin for main system clock.

TI000
This is the pin for inputting an external count clock to 16-bit timer/event counter 00 and is also for inputting a
capture trigger signal to the capture registers (CR000, CR010) of 16-bit timer/event counter 00.

TOOLCO
This is the clock input pin for flash memory programmer/on-chip debugger.

TOOLDO
This is the data I/O pin for flash memory programmer/on-chip debugger.

Remark For how to connect a flash memory programmer using TOOLCO/X1, TOOLDO/X2, refer to CHAPTER 24

FLASH MEMORY. For how to connect TOOLCO0/X1, TOOLDO/X2 and an on-chip debug emulator, refer to
CHAPTER 25 ON-CHIP DEBUG FUNCTION.
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2.2.7 AVRer, AVss, Vob, Vss

78KO/FY2-L (16-pin) 78KO/FA2-L (20-pin) 78KO0/FB2-L (30-pin)
AVrer AVrer AVrer
- - AVss
Vob Vo Vo
Vss Vss Vss
(&) AVrer
This is the A/D converter reference voltage input pin and the positive power supply pin of port 2 and A/D
converter.

When the A/D converter is not used, connect this pin directly to Voo,

Note Make the AVrer pin the same potential as the Voo pin when port 2 is used as a digital port.
(b) AVss

This is the ground potential pin of A/D converter and port 2. Even when the A/D converter is not used, always
use this pin with the same potential as the Vss pin.

(c) Vop
Vop is the positive power supply pin.

(d) Vss

Vss is the ground potential pin™°'.

Note In the 78KO0/FY2-L and 78K0/FA2-L, Vss functions alternately as the ground potential of the A/D converter.
Be sure to connect Vss to a stabilized GND (= 0 V).

2.2.8 RESET
This is the active-low system reset input pin.

2.2.9 REGC

78KO/FY2-L (16-pin) 78KO/FA2-L (20-pin) 78KO0/FB2-L (30-pin)
REGC REGC REGC

(a) REGC
This is the pin for connecting regulator output (2.0 V/2.4 V) stabilization capacitance for internal operation.
Connect this pin to Vss via a capacitor (0.47 to 1 uF). Also, use a capacitor with good characteristics, since it is
used to stabilize internal voltage.

: f REGC
1
1
1
1
1
1
1

rL""' Vss

Caution Keep the wiring length as short as possible for the broken-line part in the above figure.
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

Tables 2-2 to 2-4 show the types of pin I/O circuits and the recommended connections of unused pins.
Refer to Figure 2-1 for the configuration of the I/O circuit of each type.

Table 2-2. Pin I/O Circuit Types (78K0/FY2-L)

Pin Name 1/0O Circuit Type 1/0 Recommended Connection of Unused Pins
POO/TIO00/INTPO 5-AQ 1/0 Input:  Independently connect to Voo or Vss via a resistor.
PO1/TO00/TI010 Output: Leave open.

ANIO/P20 11-G <Digital input setting>
ANI1/P21 Independently connect to AVrer or Vss via a resistor.
ANI2/P22 <Analog out;h)‘gifetting and digital input setting>
Leave open.
ANI3/P23/CMP2+
P30/TOHL/TIS1/INTP1 5-AQ Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P60/SCLAO/TXD6 5-AS Input:  Independently connect to Voo or Vss via a resistor.
P61/SDAAO/RXD6 Output: Leave this pin open at low-level output after clearing
the output latch of the port to 0.
P121/x1/TOOLCOM"®" 37-A Input Independently connect to Voo or Vss via a resistor.
P122/X2/EXCLK/TOOLDOM"*
2
RESET 2 Connect directly to Voo or via a resistor.
AVRer - - Connect directly to Voo.
Notes 1. Use recommended connection above in input port mode (refer to Figure 5-2 Format of Clock Operation

Mode Select Register (OSCCTL)) when these pins are not used.
2. If operating in the standalone mode after writing to a load module file (extension: *.Ink or *.Imf) that has
debugging information, pull up TOOLDO. Note that operation is not guaranteed in this environment.
3. If this pin is left open when specified as an analog input pin, the input voltage level might become undefined. It
is therefore recommended to leave this pin open after specifying it as a digital output pin.

Caution
reset.

ANIO/P20, ANI1/P21, ANI2/P22, and ANI3/P23/CMP2+ are set in the analog input mode after release of
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Table 2-3. Pin I/O Circuit Types (78K0/FA2-L)

Pin Name 1/O Circuit Type I/O Recommended Connection of Unused Pins
POO/TIO00/INTPO 5-AQ 1/0 Input:  Independently connect to Voo or Vss via a resistor.
P0O1/TO00/TI010 Output: Leave open.

ANIO/P20 11-G <Digital input setting>
ANI1/P21 Independently connect to AVrer or Vss via a resistor.
< . L .
ANI2/P22 Analog outr:‘ngettlng and digital input setting
Leave open.
ANI3/P23/CMP2+
ANI4/P24/CMPO+
ANI5/P25/CMP1+
P30/TOHL/TIS1/INTP1 5-AQ Input:  Independently connect to Voo or Vss via a resistor.
P31/INTP2/TOX00/TOOLC1 Output:  Leave open.
P32/TOH1/INTP3/TOX01/
TOOLD1
P60/SCLAOQ/TxD6 5-AS Input:  Independently connect to Voo or Vss via a resistor.
P61/SDAAO/RXD6 Output: Leave this pin open at low-level output after clearing
the output latch of the port to 0.
P121/X1/TOOLCO"*® * 37-A Input Independently connect to Voo or Vss via a resistor.
P122/X2/EXCLK/TOOLDQ"*"** *
2
RESET 42 Input Connect directly to Voo or via a resistor.
AVRer - - Connect directly to Voo.

Notes 1. Use recommended connection above in input port mode (refer to Figure 5-2 Format of Clock Operation
Mode Select Register (OSCCTL)) when these pins are not used.
2. If operating in the standalone mode after writing to a load module file (extension: *.Ink or *.Imf) that has

debugging information, pull up TOOLDO. Note that operation is not guaranteed in this environment.

3. If this pin is left open when specified as an analog input pin, the input voltage level might become undefined. It

is therefore recommended to leave this pin open after specifying it as a digital output pin.

Caution ANIO/P20, ANI1/P21, ANI2/P22, ANI3/P23/CMP2+, ANI4/P24/CMPO+, and ANI5/P25/CMP1+ are set in the
analog input mode after release of reset.
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Table 2-4. Pin 1/O Circuit Types (78K0/FB2-L)

Pin Name 1/O Circuit Type I/O Recommended Connection of Unused Pins
POO/TIO00/INTPO 5-AQ 1/0 Input:  Independently connect to Voo or Vss via a resistor.
PO1/TO00/TIOL0 Output: Leave open.

P02/SSI11/INTP5

ANIO/P20 11-G <Digital input setting>

ANI1/P21 Independently connect to AVrer or AVss via a resistor.

ANI2/P22 <Analog out;h)‘gifettlng and digital input setting>
Leave open.

ANI3/P23/CMP2+

ANI4/P24/CMPO+

ANI5/P25/CMP1+

ANI6/P26/CMPCOM

ANI7/P27

P30/TOHL/TIS1/INTP1 5-AQ Input:  Independently connect to Voo or Vss via a resistor.

P31/INTP2/TOX00/TOOLC1 Output:  Leave open.

P32/INTP3/TOX01/TOOLD1

P33/TOX10

P34/TOX11/INTP4

P35/SCK11

P36/SI11

P37/S0O11 5-AG

P60/SCLAO/TxD6 5-AS Input:  Independently connect to Voo or Vss via a resistor.

P61/SDAAO/RXD6 Output: Leave this pin open at low-level output after clearing

the output latch of the port to 0.

ANI8/P70 11-G <Digital input setting>
Independently connect to AVrer or AVss via a resistor.
<Analog input setting and digital output setting>
Leave open.

P121/x1/TOOLCON" Y 37-A Input Independently connect to Voo or Vss via a resistor.

<T1000>/<INTPO>

P122/X2/EXCLK/TOOLDQ""** *

2

RESET 2 Connect directly to Voo or via a resistor.

AVrer - - Connect directly to Voo.\*?

AVss - - Connect directly to Vss.

Notes 1. Use recommended connection above in input port mode (refer to Figure 5-2 Format of Clock Operation
Mode Select Register (OSCCTL)) when these pins are not used.
2. If operating in the standalone mode after writing to a load module file (extension: *.Ink or *.Imf) that has
debugging information, pull up TOOLDO. Note that operation is not guaranteed in this environment.
3. If this pin is left open when specified as an analog input pin, the input voltage level might become undefined. It
is therefore recommended to leave this pin open after specifying it as a digital output pin.

Caution ANIO/P20, ANI1/P21, ANI2/P22, ANI3/P23/CMP2+, ANI4/P24/CMPO+, ANI5/P25/CMP1+, ANI6/P26/CMPCOM,
ANI7/P27, and ANI8/P70 are set in the analog input mode after release of reset.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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Figure 2-1. Pin I/O Circuit List
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Schmitt-triggered input with hysteresis characteristics

Type 5-AG

pullup
enable

data ———

P-ch

output % X >—| ~=—N-ch
disable

Vss
input

enable

IN/OUT

Type 5-AQ

Type 5-AS

VDD
VDD
pullup
enable {>O I P-ch
pullup
enable {>O I P-ch
VDD
VbD CMOS/N-ch OD
data%_' p-ch
data 4<:D_| p-ch INJOUT
IN/OUT output ~—N-ch
disable
output N-ch SCHMIT
disable fi Vss
g P@G{S;SO@
[
input G—<
enable SMBus I/O buffer
input enable
PIM
Type 11-G Type 37-A
AVrer
data — 4
:| b P-ch ®) X2
»———O INoUT input
enable
tput
disable = e
AVss é )E
P-ch
Comparator «{ -— }»
]
z °
T N-ch g %
Series resistor string voltage
or Vrer (Threshold voltage)
AVss 1
RS ox
input enable input
enable
RO1UHO068EJ0203 Rev.2.03 ‘leNESAS 46
Jun 29, 2012



78K0/Fx2-L

CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

CHAPTER 3 CPU ARCHITECTURE

Products in the 78K0/Fx2-L microcontrollers can access a 64 KB memory space. Figures 3-1 to 3-3 show the memory

maps.

Caution Reset signal generation makes the setting of the ROM area undefined. Therefore, set the value

corresponding to each product as indicated below after release of reset.

Table 3-1. Set Values of Internal Memory Size Switching Register (IMS)

Jun 29, 2012

Products IMS ROM Capacity Internal High-Speed
78KO/FY2-L 78KO/FA2-L 78KO/FB2-L RAM Capacity
4PD78F0854 | 4PD78F0857 - 61H |4KB 384 bytes
4PD78F0855 | 4PD78F0858 | uPD78F0864 | 42H 8 KB 512 bytes
4PD78F0856 | uPD78F0859 | uPD78F0865 | 04H 16 KB 768 bytes
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Figure 3-1. Memory Map (£PD78F0854, 78F0857)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
EFEEOH 32 x 8 hits
FEDFH
—= Internal high-speed RAM —-
384 x 8 bits
FD80OH
FD7FH
i
CALLF entry area L
Data memory 2048 x 8 hits
space
Program area -~
1905 x 8 bits
-~ Reserved
On-chip debug security
ID setting area Boot cluster QNote
10 x 8 bits
Option byte area
5 x 8 bits
CALLT table area
64 x 8 bits
1000H
? OFFFH
Program L Flash memory s Vector table area
memory space 4096 x 8 bits 64 x 8 bits
i 0000H 0000H ¥

Note Writing boot cluster 0 can be prohibited depending on the setting of security (refer to 24.6 Security Settings).

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

OFFFH
Block O3H
0COO0H
OBFFH Block 02H
0800H oc
07FFH
Block 01H
0400H
03FFH
Block 00H 1KB
0000H
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Figure 3-2. Memory Map (#uPD78F0855, 78F0858, 78F0864)

FFFFH
Special function registers
(SFR) 1FFFH
256 x 8 hits .
FFOOH Program area T
FEFFH General-purpose
registers On-chi -
: -chip debug security
FEEOH 32 x 8 bits ID setting areaNote 1 Boot cluster 1
FEDFH 10 x 8 bits
T T Option byte areaNote 1
Internal high-speed RAM 5 x 8 bits
512 x 8 bits
Program area
FDOOH
FCFFH
CALLF entry area L
Data memory 2048 x 8 bits T
space
Program area in
1905 x 8 bits T
~ Reserved +
On-chip debug security
ID setting areaNote Boot cluster ON°te 2
10 x 8 bits
Option byte areaN°ote
5 x 8 bits
2000H CALLT table area
1FFFH 64 x 8 bits
0040H
Program A Flash memory L 003FH
memory space 8192 x 8 bits T Vector table area
64 x 8 bits
i 0000H 0000H
Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security IDs

When boot swap is used:

to 0085H to O0O8EH.
Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the on-chip

debug security IDs to 0085H to 008EH and 1085H to 108EH.
Writing boot cluster O can be prohibited depending on the setting of security (refer to 24.6 Security
Settings).

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

LFFFH Block 07H
1CO0H
1BFFH
0800H
07FFH
Block 01H
0400H
03FFH
Block 00H 1KB
0000H
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Figure 3-3. Memory Map (#uPD78F0856, 78F0859, 78F0865)

FFFFH

FFOOH

Special function registers
(SFR)
256 x 8 bits

FEFFH

FEEOH

General-purpose
registers
32 x 8 bits

FEDFH

Internal high-speed RAM

768 x 8 bits
FCOOH
FBFFH
Data memory
space
3 Reserved ~
4000H
3FFFH
Program i Flash memory -

memory space

0000H

16384 x 8 bits

0040H
003FH

0000H

| 1FFFH
Program area T

On-chip debug security
ID setting areaNote 1 Boot cluster 1
10 x 8 bits

Option byte areaN°ote 1
5 x 8 bits

Program area

CALLF entry area 1
2048 x 8 bits T

Program area
1905 x 8 bits T

On-chip debug security
ID setting areaNote 1 Boot cluster gNote 2

10 x 8 bits

Option byte areaN°ote 1
5 X 8 bits

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security IDs

When boot swap is used:

Settings).

Remark The flash memory is divided into blocks (one block = 1 KB).

to 0085H to O0O8EH.
Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the on-chip

debug security IDs to 0085H to 008EH and 1085H to 108EH.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (refer to 24.6 Security

For the address values and block numbers,

refer to Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

SFFFH Block OFH
3CO0H
3BFFH
0800H
07FFH
Block 01H
0400H
03FFH
Block OOH 1KB
0000H
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Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-2. Correspondence Between Address Values and Block Numbers in Flash Memory

Address Value

Block Number

0000H to 03FFH 00H
0400H to 07FFH 01H
0800H to OBFFH 02H
O0COOH to OFFFH 03H
1000H to 13FFH 04H
1400H to 17FFH 05H
1800H to 1BFFH 06H
1COOH to 1FFFH 07H
2000H to 23FFH 08H
2400H to 27FFH 09H
2800H to 2BFFH O0AH
2CO0H to 2FFFH 0BH
3000H to 33FFH 0CH
3400H to 37FFH ODH
3800H to 3BFFH OEH
3COO0H to 3FFFH OFH

Remark #PD78F0854, 78F0857:

3.1.1 Internal program memory space

Block numbers 00H to O3H
H#PD78F0855, 78F0858, 78F0864: Block numbers 00H to 07H
HMPD78F0856, 78F0859, 78F0865: Block numbers 00H to OFH

The internal program memory space stores the program and table data. Normally, it is addressed with the program

counter (PC).

78K0/Fx2-L microcontrollers incorporate internal ROM (flash memory), as shown below.

Table 3-3. Internal ROM Capacity

Product Internal ROM
78KO/FY2-L 78K0/FA2-L 78K0/FB2-L Structure Capacity

uPD78F0854 uPD78F0857 - Flash memory 4096 x 8 bits
(OO00H to OFFFH)

uPD78F0855 uPD78F0858 uPD78F0864 8192 x 8 bits
(OO00H to 1FFFH)

HPD78F0856 HPD78F0859 HPD78F0865 16384 x 8 hits
(O000H to 3FFFH)
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The internal program memory space is divided into the following areas.

(1) Vector table area
The 64-byte area 0000H to 003FH 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.
Of the 16-hit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd addresses.

Table 3-4. Vector Table

Vector Table Interrupt Source 78KO/FY2-L | 78KO/FA2-L | 78KO0/FB2-L
Address 16 Pins 20 Pins 30 Pins
0000H RESET input, POC, LVI, WDT N N N
0004H INTLVI v v y
0006H INTPO J \ y
0008H INTP1 J y y
000AH INTP2 - 3 y
000CH INTP3 - y y
000EH INTP4 _ _ N
0010H INTP5 - - y
0012H INTSRE6 v v y
0014H INTSR6 N y y
0016H INTST6 J y y
0018H INTCSI11 - - y
001AH INTTMH1 J \ y
001CH INTTMXO R v y
001EH INTTMX1 - - y
0020H INTTMO0O J y y
0022H INTTMO10 N y y
0024H INTAD Y y y
002AH INTTM51 v v y
002CH INTCMPO - \ \
002EH INTCMP1 - y y
0030H INTCMP2 N y y
0034H INTIICAO Y y y
003EH BRK v y y
Remark +: Mounted, — Not mounted
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(2) CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

(3) Option byte area
A 5-byte area of 0080H to 0084H and 1080H to 1084H can be used as an option byte area. Set the option byte at
0080H to 0084H when the boot swap is not used, and at 0080H to 0084H and 1080H to 1084H when the boot swap is
used. For details, refer to CHAPTER 23 OPTION BYTE.

(4) On-chip debug security ID setting area
A 10-byte area of 0085H to 008EH and 1085H to 108EH can be used as an on-chip debug security ID setting area.
Set the on-chip debug security ID of 10 bytes at 0085H to 008EH when the boot swap is not used and at 0085H to
008EH and 1085H to 108EH when the boot swap is used. For details, refer to CHAPTER 25 ON-CHIP DEBUG
FUNCTION.

(5) CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).

3.1.2 Internal data memory space
78K0/Fx2-L microcontrollers incorporate the following RAMs.

(1) Internal high-speed RAM

Table 3-5. Internal High-Speed RAM Capacity

Product Internal High-Speed
78KO/FY2-L 78KO/FA2-L 78KO/FB2-L RAM

LPD78F0854 LPD78F0857 - 384 x 8 bits

(FDSOH to FEFFH)
LPD78F0855 LPD78F0858 LPD78F0864 512 x 8 bits

(FDOOH to FEFFH)
LPD78F0856 LPD78F0859 LPD78F0865 768 x 8 bits

(FCOOH to FEFFH)

The 32-byte area FEEOH to FEFFH is assigned to four general-purpose register banks consisting of eight 8-bit
registers per bank.

This area cannot be used as a program area in which instructions are written and executed.

The internal high-speed RAM can also be used as a stack memory.

3.1.3 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (refer to

Table 3-6 Special Function Register List in 3.2.3 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.
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3.1.4 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
78KO0/Fx2-L microcontrollers, 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 3-4 to 3-6 show correspondence between data memory and addressing. For
details of each addressing mode, refer to 3.4 Operand Address Addressing.

Figure 3-4. Correspondence Between Data Memory and Addressing
(uPD78F0854, 78F0857)

FFFFH ]
Special function registers
(SFR) SFR addressing
256 x 8 bits
FF20H|( o
FF1FH
FFOOH
FEFFH General-purpose *
registers Register addressing
FEEOH 32 x 8 bits ¢ Short direct
EEDFH - addressing
=~ Internal high-speed RAM =
384 x 8 bits
FE20H|
FE1FH
FD80OH
FD7FH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
0 Reserved =
1000H
OFFFH
AL Flash memory L
T 4096 x 8 bits T
0000H Y
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Figure 3-5. Correspondence Between Data Memory and Addressing
(uPD78F0855, 78F0858, 78F0864)

FFFFH ]
Special function registers
(SFR) SFR addressing
256 x 8 bits
FF204H( L
FF1FH
FFOOH
FEFFH General-purpose * .
registers Register addressing .
FEEOH 32 % 8 bits ¢ Short direct
EFEDEH - addressing
- Internal high-speed RAM -
512 x 8 bits
FE20H| ]
FE1FH
FDOOH
FCFFH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
0~ Reserved -0
2000H
1FFFH
AL Flash memory L
T 8192 x 8 bits T
0000H Y
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Figure 3-6. Correspondence Between Data Memory and Addressing
(#PD78F0856, 78F0859, 78F0865)

FFFFH |
Special function registers .
(SFR) SFR addressing
256 x 8 bits
FFR20H | o
FF1FH
FFOOH
FEFFH General-purpose * )
registers Register addressing '
FEEOH 32 x 8 bits ¢ Short direct
FEDFH addressing
L Internal high-speed RAM L
B 768 x 8 bits B
FE20H | ]
FE1FH
FCOOH
EBEEH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
T Reserved r
4000H
3FFFH
1 Flash memory 1
T 16384 x 8 bits T
0000H ¥
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3.2 Processor Registers

The 78K0/Fx2-L microcontrollers 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).

(1) Program counter (PC)
The program counter is a 16-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 3-7. Format of Program Counter

15 0

PC |PC15|PC14|PC13|PC12|PC11|PC10|PC9|PC8 |PC7 |PC6 |PC5|PC4 |[PC3|PC2|PC1|PCO

(2) 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 vectored interrupt request acknowledge or PUSH
PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
Reset signal generation sets PSW to 02H.

Figure 3-8. Format of Program Status Word

PSW IE z RBS1| AC | RBSO 0 ISP 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 (EIl) state and interrupt request acknowledgment is controlled
with an in-service priority flag (ISP), 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). Itis reset (0) in all other cases.

(c) Register bank select flags (RBSO and 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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(d) Auxiliary carry flag (AC)
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.

(e) In-service priority flag (ISP)
This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-level
vectored interrupt requests specified by a priority specification flag register (PROL, PROH, PR1L, PR1H) (refer to
17.3 (3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)) can not be acknowledged. Actual
request acknowledgment is controlled by the interrupt enable flag (IE).

(f) 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.

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

Figure 3-9. Format of Stack Pointer

15 0

SP |SP15|SP14(SP13|SP12|SP11|SP10| SP9 |SP8 |SP7 |SP6 |SP5 |SP4 | SP3|SP2 |SP1 | SPO

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/restores data as shown in Figures 3-10 and 3-11.

Caution Since reset signal generation makes the SP contents undefined, be sure to initialize the SP before
using the stack.
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SP

SP

(b) CALL, CALLF, CALLT instructions (when SP = FEEOH)

SP

SP

SP

SP

Figure 3-10. Data to Be Saved to Stack Memory

(@) PUSH rp instruction (when SP = FEEOH)

— FEEOH

FEDFH

Register pair higher

l«—— FEDEH

Register pair lower

— FEEOH

FEDFH

PC15 to PC8

l«—— FEDEH

PC7 to PCO

(c) Interrupt, BRK instructions (when SP = FEEOH)

FEEOH — FEEOH
: FEDFH PSW
3 FEDEH PC15to PC8
Y

FEDDH l«—— FEDDH PC7 to PCO
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Figure 3-11. Data to Be Restored from Stack Memory

(@) POP rp instruction (when SP = FEDEH)

SP FEEOH ~—— FEEOH

FEDFH Register pair higher

SP FEDEH — FEDEH Register pair lower

(b) RET instruction (when SP = FEDEH)

sP FEEOH <«  FEEOH
A
! FEDFH PC15 to PC8
sP FEDEH L~ FEDEH PC7 to PCO

(c) RETI, RETB instructions (when SP = FEDDH)

SP FEEOH «<—— FEEOH
A
! FEDFH PSW
FEDEH PC15 to PC8
SP FEDDH — FEDDH PC7 to PCO
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) 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.

Figure 3-12. Configuration of General-Purpose Registers

(@) Function name

16-bit processing 8-bit processing
FEFFH
H
Register bank 0 HL
L
FEF8H
D
Register bank 1 DE
E
FEFOH
B
Register bank 2 BC
Cc
FEE8H
A
Register bank 3 AX
X
FEEOH
15 0 7 0
(b) Absolute name
16-bit processing 8-bit processing
FEFFH
R7
Register bank 0 RP3
R6
FEF8H
R5
Register bank 1 RP2
R4
FEFOH
R3
Register bank 2 RP1
R2
FEE8H
R1
Register bank 3 RPO
RO
FEEOH
15 0 7 0
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3.2.3 Special function registers (SFRs)

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

SFRs are allocated to the FFOOH to FFFFH area.

Special function registers can be manipulated like general-purpose registers, using operation, transfer, and bit
manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register type.

Each manipulation bit unit can be specified as follows.

e 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.

e 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.

e 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 3-6 gives a list of the special function registers. The meanings of items in the table are as follows.

e Symbol
Symbol indicating the address of a special function register. It is a reserved word in the RA78KO0, and is defined as
an sfr variable using the #pragma sfr directive in the CC78K0. When using the RA78K0, ID78K0-QB, and system
simulator, symbols can be written as an instruction operand.
e R/W
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write enable
R:  Read only
W:  Write only
e Manipulatable bit units
Indicates the manipulatable bit unit (1, 8, or 16). “~”" indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon reset signal generation.

RO1UHO068EJ0203 Rev.2.03 R nS 62
Jun 29, 2012 ENES



78K0/Fx2-L

CHAPTER 3 CPU ARCHITECTURE

Table 3-6. Special Function Register List (1/5)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable Bit Unit | After | FY | FA | FB
1Bit | 8 Bits |16 Bits| Reset [ 2-L)2-L 2L

FFOOH | Port register O PO RW | S - 00H [ v | v |
FFO2H | Port register 2 P2 RW | S - 00H [ v | v |V
FFO3H | Port register 3 P3 RW | S - 00H [ v | v |
FFO6H | Port register 6 P6 RW | \ - 00H | v | v |V
FFO7H | Port register 7 P7 RW | S - 0OH | - | = | V
FFO8H | 10-bit | 8-bit A/D conversion result register L | ADCRL - S - 00H [ v | V|
FFO9H | A/D conversion result register ADCR - - N°O{0000H | V| N A
FFOAH | Receive buffer register 6 RXB6 - S - FFH | v | V|
FFOBH | Transmit buffer register 6 TXB6 RW | - \ - FFH [ v | v | ¥
FFOCH | Port register 12 P12 RW | S - 00H [ v | v |
FFODH | 8-bit A/D conversion result register ADCRH R - \ - 00H | v | v |V
FFOEH | Analog input channel specification register ADS RW | S - 00H |~ | v |V
FFOFH | Serial I/O shift register 11 Slo11 R - S - 00H | - | = | V
FF10H | 16-bit timer counter 00 TMO00 R - - NO{0000H | V| N[ A
FF11H
FF12H | 16-bit timer capture/compare register 000 CR000 RW | - - N {0000H | v | V| A
FF13H
FF14H | 16-bit timer capture/compare register 010 CR010 RW | - - NooJoooOH| N | V| W
FF15H
FF16H | 10-bit A'D 8-bit A/D conversion ADCRXOL R - J - 0OH | ¥ | N |

conversion result result register L for

register for TMXO0 TMXO0 synchronization
FF17H | Synchronization ADCRX0 R | - - v {ooooH | V[ N |V
FF18H | 10-bit A/D 8-bit A/D conversion ADCRX1L - J - O0OH | - | -

conversion result result register L for

register for TMX1 TMX1 synchronization
FF19H | Synchronization ADCRX1 R | - - v ooooH | - | - |
FF1AH | 8-bit imer H compare register 01 CMPO1 RIW | - \ - 00H [~ | ~ |V
FF1BH | 8-bit timer H compare register 11 CMP11 RW | - S - 00H | v | v |V
FF1FH | 8-bit timer counter 51 TM51 R - J - 00H | N | ¥ |V
FF20H | Port mode register 0 PMO RW | S - FFH | v | V| V
FF22H | Port mode register 2 PM2 RW | \ - FFH [ v | v | ¥
FF23H | Port mode register 3 PM3 RW | S - FFH | v | V| V
FF26H | Port mode register 6 PM6 RW | S - FFH | v | V|
FF27H | Port mode register 7 PM7 RW | \ - FFH | - | - | ¥
FF28H | A/D converter mode register 0 ADMO RIW | S - 00H [ v | V|
FF2AH | Port output mode register 6 POM6 RW | \ - 00H | v | v |V
FF2BH | Self programming mode select register FPCTL RIW | S - 00H [ v | v |
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Table 3-6. Special Function Register List (2/5)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable Bit Unit | After | FY | FA | FB
1Bit | 8 Bits |16 Bits| Reset [ 2-L| 2L | 2-L
FF2EH | A/D port configuration register 0 ADPCO RW | \ - 00H | v | vV |+
FF2FH | A/D port configuration register 1 ADPC1 RW | R - 0o0H | - | - | ¥
FF30H | Pull-up resistor option register 0 PUO RW | \ - 00H | N | v | v
FF33H | Pull-up resistor option register 3 PU3 RW | R - 00H | N | v |
FF36H | Pull-up resistor option register 6 PU6 RW | \ - 00H | v | v |
FF39H | Port alternate switch control register MUXSEL RW | \ - 00H | — | = |
FF3DH | Regulator mode control register RMC RW | - R - OOH [ N | v | ¥
FF3EH | Port input mode register 6 PIM6 RW | \ - 00H | v | ¥ |
FF41H | 8-bit timer compare register 51 CR51 RW | - v - 00H | N | v | ¥
FF43H | 8-bit timer mode control register 51 TMC51 RIW \ - 00H | v | v |
FF48H | External interrupt rising edge enable register | EGPCTLO RW | v - 00H | N | v | ¥
0
FF49H | External interrupt falling edge enable register 0| EGNCTLO RW | R - O0OH | N | v |
FF4AH | External interrupt rising edge enable register 1 | EGPCTL1 RW | Y - 00H | N | v | ¥
FF4BH | External interrupt falling edge enable register 1| EGNCTL1 RW | N - 00H [ N | v |
FF4FH | Input switch control register ISC RW | \ - 00H | v | v | +
FF50H | Asynchronous serial interface operation mode | ASIM6 RW | R - OH | N | v |+
register 6
FF53H | Asynchronous serial interface reception error | ASIS6 R - \ - 00H | v | v |
status register 6
FF55H | Asynchronous serial interface transmission ASIF6 R - \ - 00H | N | v | ¥
status register 6
FF56H | Clock selection register 6 CKSR6 RW | - R - OOH [ N | v | ¥
FF57H | Baud rate generator control register 6 BRGC6 RW | - \ - FFH | v | v |
FF58H | Asynchronous serial interface control register 6| ASICL6 RW | v - 6H | v | N | Y
FF62H | Comparator O control register COCTL RW | \ - 00H | = | ¥ |
FF63H | Comparator O internal reference voltage CORVM RW | R - 00H | N | v | ¥
setting register
FF64H | Comparator 1 control register C1CTL RW | R - OOH | — | ¥ | ¥
FF65H | Comparator 1 internal reference voltage C1RVM RW | - 00H | N | v |
setting register
FF66H | Comparator 2 control register C2CTL R/W - 00H
FF67H | Comparator 2 internal reference voltage C2RVM RW | \ - 00OH | N | ¥ |
setting register
FF69H | Comparator output flag register CMPFLG R v v - 00H | N | v | ¥
FF6CH | 8-bit timer H mode register 1 TMHMD1 RW | \ - 00H | v | ¥ |
FF6DH | 8-bit timer H carrier control register 1 TMCYC1 RW | Y - 00H | N | v | ¥
FF6EH | High-impedance output function enable HIZTREN RW | v - 00OH | — | ¥ | ¥
register
FF6FH | High-impedance output mode select register | HIZTRS RIW | \ - 00H | = | ¥ |
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Table 3-6. Special Function Register List (3/5)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable Bit Unit | After | FY | FA | FB
1Bit | 8 Bits |16 Bits| Reset [ 2-L ) 2L | 2-L
FF70H | Multiplication input data register A MULA | MULAL | RIW | - S N 00H | v | v |
FF71H MULAH | RW | - J \/ 0OH [ N | v |V
FF72H | Multiplication input data register B MULB | MULBH | RIW | - \ N 00H | v | v | ¥
FF73H MULBH | RW | - J \/ 0OH [ N | v |V
FF74H | 16-bit higher multiplication result storage MULOH R - - NoO{0000H | N | V| W
FE75H register
FF76H | 16-bit lower multiplication result storage MULOL R - - NoO{0000H | N | V| W
FE77H register
FF78H | High-impedance output function control HZAOCTLO RW | + \ - OOH | - | v |
register 0
FF7CH | Transmit buffer register 11 SOTB11 RW | - J - 0OH | - | - | ¥
FF7EH | 16-bit timer X0 operation control register 0 TXOCTLO RW | S - 00H [ v | v |V
FF7FH | 16-bit timer X0 operation control register 1 TXOCTL1 RW | \ - 00H | v | N | ¥
FF80H | 16-bit timer X0 operation control register 2 TXOCTL2 RIW | S - 00H | Vv | v | W
FF81H | 16-bit timer X0 operation control register 3 TXOCTL3 RW | \ - 00H | v | N | ¥
FF82H | 16-bit timer X0 operation control register 4 TXOCTL4 RIW | S - 0OH | - | ¥ |
FF83H | 16 bit timer X0 output control register O TX0IOCO RW | + \ - 00H | — | N | ¥
FF84H | 16 bit timer X0 compare register 0 TXOCRO RIW | - - N |0000H| v | N |
FF85H
FF86H | 16 bit timer X0 compare register 1 TXOCR1 RIW | - - N |0000H| v | N |
FF87H
FF88H | Serial operation mode register 11 CSIiM11 R/W \ - 00H - | -
FF89H | Serial clock selection register 11 CsiC11 R/W - 00H - | -
FF8AH | 16 bit timer X0 compare register 2 TXOCR2 RIW | - - N |0000H| v | N |
FF8BC
FF8CH | Timer clock selection register 51 TCL51 RW | S - 00H
FF90H | 16 bit timer X0 compare register 3 TXOCR3 RIW | - - N | 0000H | ¥ \
FF91H
FF92H | 16 bit timer X0 capture/compare register 0 TXOCCRO RIW | - - N{0000H | N | V| W
FF94H | 16-bit timer X1 operation control register 0 TX1CTLO RIW | S - 0OOH | - | = | V
FF95H | 16-bit timer X1 operation control register 1 TX1CTL1 RW | \ - 00H | - | = | ¥
FF96H | 16-bit timer X1 operation control register 2 TX1CTL2 RIW | S - 0OOH | - | = | V
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Table 3-6. Special Function Register List (4/5)

Address Special Function Register (SFR) Symbol R/W | Manipulatable Bit Unit | After | FY | FA | FB
Name 1Bit | 8 Bits |16 Bits| Reset | 2L [2-L | 2L
FF99H | Watchdog timer enable register WDTE RW | - v - 1AH/ | N | V| A
9AHN "
1

FF9AH | 16-bit timer X1 operation control register 4 TX1CTL4 RW | v - 00H | — | = | ¥
FF9BH | 16-bit timer X1 output control register 0 TX1I0CO0 R/W v - 00H - | -
FFOCH | 16-bit timer X1 compare register O TX1CRO RW | - - NoO|000OH | - | - |
FFODH

FFOFH | Clock operation mode select register OSCCTL RW | v - 00H | ~ | v |V
FFAOH | Internal oscillation mode register RCM RW | N — lgoH™e N | N | N
FFALH | Main clock mode register MCM RW | v - 00H | v | v | V
FFA2H | Main OSC control register MOC RW | v - 80H [ v | v |
FFA3H | Oscillation stabilization time counter status OSTC R \ v - 00H | v | v | V

register

FFA4H | Oscillation stabilization time select register OSTS RW | - v - o5H [ v | v |
FFASH | IICA shift register IICA RW | - v - 00H | v | v | V
FFA6H | Slave address register 0 SVAO RW | - N - 00H [ v | v |
FFA7H | lICA control register 0 IICACTLO RW | v - 00H | ~ | v | V
FFA8H | IICA control register 1 IICACTL1 RIW | v - 00H [ v | v | W
FFA9H | IICA flag register 0 IICAFO RW | v - 00H | v | v | V
FFAAH | IICA status register 0 IICASO R S N - 00H [ v | v |
FFACH | Reset control flag register RESF R - v — pon™ed N | N |
FFADH | IICA low-level width setting register lcwL RW | - N - FFH | v | v |
FFAEH | IICA high-level width setting register IICWH RW | - v - FFH | ~ | v | ¥
FFBOH | 16-bit timer X1 compare register 1 TX1CR1 RW | - - NoO|000OH | - | - |
FFB1H

FFB2H | 16-bit timer X1 compare register 2 TX1CR2 RW | - - NoO|000OH | - | - | N
FFB3H

FFB4H | 16-bit timer X1 compare register 3 TX1CR3 RW | - - N |00OOH| - | = |
FFBSH

FFB6H | 16-bit timer X1 capture/compare register 0 TX1CCRO RW | - - N |00OOH| - | = |
FFB7H

Notes 1. The reset value of WDTE is determined by setting of option byte.

2. The value of this register is 00H immediately after a reset release but automatically changes to 80H after
oscillation accuracy stabilization of internal high-speed oscillator has been waited.

3. The reset value of RESF varies depending on the reset source.
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Table 3-6. Special Function Register List (5/5)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable Bit Unit | After | FY | FA | FB
1Bit |8 Bits |16 Bits| Reset | 2L} 2-L 2L
FFBAH | 16-bit timer mode control register 00 TMCO00 RW | N - 00H | v | v |
FFBBH | Prescaler mode register 00 PRMO00 RW | N - 00H | v | v |«
FFBCH | Capture/compare control register 00 CRCO00 RW | N - 00H | v | v |
FFBDH | 16-bit timer output control register 00 TOCO00 RW | v - 00H | N | v |
FFBEH | Low-voltage detection register LVIM RW | v — joonMeY N | N | W
FFBFH | Low-voltage detection level selection register | LVIS RW | v — joonMeY N | N | W
FFEOH | Interrupt request flag register OL IFO IFoL |RwW | + v v 00H | N | v |
FFE1H | Interrupt request flag register OH IFOH |RwW | v 00H | N | v | A
FFE2H | Interrupt request flag register 1L IF1 IFIL |RwW | v v 00H | N | v | A
FFE3H | Interrupt request flag register 1H IFIH |RW | v 00H | v | v |«
FFE4H | Interrupt mask flag register OL MKO |MKOL |RMW | N N FFH | v | v |
FFE5H | Interrupt mask flag register OH MKOH | RIW | v FFH | v | v |
FFE6H | Interrupt mask flag register 1L MK1 |MKIL |RW | N v FFH | N | v |
FFE7H | Interrupt mask flag register 1H MK1H |RW | N FFH | N | v |
FFE8H | Priority specification flag register OL PRO PROL |RW | N v FFH | v | v |
FFE9H | Priority specification flag register OH PROH |RW | v FFH | N | v |
FFEAH | Priority specification flag register 1L PR1 PRIL |RW | v v FFH | N | v |
FFEBH | Priority specification flag register 1H PRIH |RW | v FFH | N | v |
FFFOH | Internal memory size switching register*®? IMS RW | - v - CFH | v | N |
FFFBH | Processor clock control register PCC RW | A v - 0H | N | v | A

Notes 1. The reset values of LVIM and LVIS vary depending on the reset source.

2. Reset signal generation makes the setting of the ROM area undefined.

Therefore, set the value

corresponding to each product as indicated below after release of reset.

Products IMS ROM Internal High-Speed RAM
78KO/FY2-L | 78KO/FA2-L | 78KO/FB2-L Capacity Capacity
4PD78F0854 | 1PD78F0857 - 61H | 4KB 384 bytes
4PD78F0855 | /PD78F0858 | 4PD78F0864 | 42H | 8 KB 512 bytes
4PD78F0856 | PD78F0859 | 4PD78F0865 | 04H | 16 KB 768 bytes
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3.3 Instruction Address Addressing

An instruction address is determined by contents of the program counter (PC) and is normally incremented (+1 for each
byte) automatically according to the number of bytes of an instruction to be fetched each time another instruction is
executed. When a branch instruction is executed, the branch destination information is set to PC and branched by the
following addressing (for details of instructions, refer to the 78K/0 Series Instructions User’s Manual (U12326E)).

3.3.1 Relative addressing

[Function]
The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the start
address of the following instruction is transferred to the program counter (PC) and branched. The displacement
value is treated as signed two’s complement data (—128 to +127) and bit 7 becomes a sign bit.
In other words, relative addressing consists of relative branching from the start address of the following instruction to
the —128 to +127 range.
This function is carried out when the BR $addrl16 instruction or a conditional branch instruction is executed.

[Hustration]

15 0
__ PCindicates the start address

pC of the instruction after the BR instruction.

+
15 8 7 6 0

o S
jdisp8

15 0

PC

When S =0, all bits of & are 0.
When S = 1, all bits of @ are 1.
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3.3.2 Immediate addressing

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !addr16 or BR !addrl16 or CALLF !addrl1 instruction is executed.
CALL 'addrl6 and BR !addrl6 instructions can be branched to the entire memory space.
The CALLF 'addrl1 instruction is branched to the 0800H to OFFFH area.

[Hlustration]
In the case of CALL !addrl6 and BR !addrl6 instructions

7 0
CALL or BR
Low Addr.
High Addr.
15 87 0

PC

In the case of CALLF !addr11 instruction

7 6 4 3 0
4{ faio-s CALLF
far-o
15 11 10 87 0

PC|] 0 0 O 0 1
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3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the immediate
data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.
This instruction references the address that is indicated by addr5 and is stored in the memory table from 0040H to
007FH, and allows branching to the entire memory space.

[Mustration]

15 6 5 10

add'5 |0 0 0 0 0 0 O O O 1 tas-o 0

7 6 5 l 1 0
Operation code 1 1 tas—o 1
15 8 7 6 5 i 10
. ... The value of the effective address is
Effective address 0 0 00O 0O OO 0|0 1 0 the same as that of addrs.
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T
15 l 8 7 0
PC
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3.3.4 Register addressing

[Function]
Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC) and
branched.
This function is carried out when the BR AX instruction is executed.

[Mustration]

p A X

15 8 7 0

PC

3.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) to undergo manipulation during
instruction execution.

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the 78K0/Fx2-L microcontroller instruction words, the following instructions employ implied addressing.

Instruction Register to Be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage
DIVuw AX register for dividend and quotient storage

ADJBA/ADJBS A register for storage of numeric values that become decimal correction targets

ROR4/ROL4 A register for storage of digit data that undergoes digit rotation

[Operand format]
Because implied addressing can be automatically determined with an instruction, no particular operand format is
necessary.

[Description example]
In the case of MULU X
With an 8-bit x 8-bit multiply instruction, the product of the A register and X register is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
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3.4.2 Register addressing

[Function]

The general-purpose register to be specified is accessed as an operand with the register bank select flags (RBSO to
RBS1) and the register specify codes of an operation code.

Register addressing is carried out when an instruction with the following operand format is executed. When an 8-hit
register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

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

‘rand ‘rp’ can be described by absolute names (RO to R7 and RPO to RP3) as well as function names (X, A, C, B, E,
D, L, H, AX, BC, DE, and HL).

[Description example]
MOV A, C; when selecting C register as r

Operation code 01 10001 0|
L |

—— Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 100 0 010 0|

LL Register specify code
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3.4.3 Direct addressing

[Function]

The memory to be manipulated is directly addressed with immediate data in an instruction word becoming an

operand address.

This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description
addrl6é Label or 16-bit immediate data
[Description example]
MOV A, IOFEOOH; when setting !addr16 to FEOOH
Operation code |1 0 0 01 11 O| OP code
|OOOOOOOO| O0H
|11111110| FEH
[Hlustration]
7 0
OP code
addr16 (lower)
addr16 (upper)
Memory
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3.4.4 Short direct addressing

[Function]

The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.

This addressing is applied to the 256-byte space FE20H to FF1FH. Internal high-speed RAM and special function

registers (SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.

The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area. Ports
that are frequently accessed in a program and compare and capture registers of the timer/event counter are mapped

in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.

When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 0OH to 1FH, bit 8

is set to 1. Refer to the [lllustration] shown below.

[Operand format]

Identifier Description
saddr Immediate data that indicate label or FE20H to FF1FH
saddrp Immediate data that indicate label or FE20H to FF1FH (even address only)

[Description example]

LB1 EQU OFE30H ; Defines FE30H by LB1.

MOV LB1, A ; When LB1 indicates FE30H of the saddr area and the value of register A is transferred to that

address
Operation code | 11110010 | OP code
| 001 1 0O0O00O0 | 30H (saddr-offset)

[Mustration]

OP code

saddr-offset ﬁ

Short direct memory

Effective address 11 1 1 1 1 1|«

When 8-bit immediate data is 20H to FFH, =0
When 8-bit immediate data is 00H to 1FH, =1
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3.4.5 Special function register (SFR) addressing

[Function]
A memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction word.
This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFRs
mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

Identifier Description
sfr Special function register name
sfrp 16-bit manipulatable special function register name (even address only)

[Description example]

MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code |1 111011 O| OP code
|0 01 0 0 0O 0| 20H (sfr-offset)
[Mustration]
7 0
OP code
sfr-offset
SFR
15 8 7 0
Effective address 1 1 1 1 1 1 1 1
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3.4.6 Register indirect addressing

[Function]

Register pair contents specified by a register pair specify code in an instruction word and by a register bank select

flag (RBSO and RBS1) serve as an operand address for addressing the memory.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

MOV A, [DE]; when selecting [DE] as register pair

Operation code 1 00 0 0101
[Mustration]
16 8 7 0
DE D E
The memory address
specified with the
7 Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

[Function]

8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in the
register bank specified by the register bank select flag (RBSO and RBS1), and the sum is used to address the
memory. Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from the 16th

bit is ignored.

This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier

Description

- [HL + byte]

[Description example]

MOV A, [HL + 10H]; when setting byte to 10H

Operation code

[Mustration]

|10101110|

|00010000|

16 7
HL H L
+10
7 Memory
The contents of the memory
addressed are transferred.
7
A
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3.4.8 Based indexed addressing

[Function]

The B or C register contents specified in an instruction word are added to the contents of the base register, that is,

the HL register pair in the register bank specified by the register bank select flag (RBS0 and RBS1), and the sum is
used to address the memory. Addition is performed by expanding the B or C register contents as a positive number
to 16 bits. A carry from the 16th bit is ignored.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier

Description

[HL + B], [HL + C]

[Description example]

MOV A, [HL +B]; when selecting B register

[Mustration]

Operation code

10101011

16 8 7
HL H L
+
7
B
7 Memory
The contents of the memory
addressed are transferred.
7 0
A
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3.4.9 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) contents.
This addressing method is automatically employed when the PUSH, POP, subroutine call and return instructions are
executed or the register is saved/reset upon generation of an interrupt request.
With stack addressing, only the internal high-speed RAM area can be accessed.

[Description example]

PUSH DE; when saving DE register

Operation code 1 0110101
[Mustration]
7 Memory 0
SP FEEOH — FEEOH
i FEDFH D
y
SP FEDEH «—— FEDEH E
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

There are two types of pin I/0O buffer power supplies: AVrer and Vop. The relationship between these power supplies
and the pins is shown below.

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

Power Supply Corresponding Pins
AVRer P20 to P27, P70N°"®
Voo Pins other than P20 to P27, P70"°"®

Note 78KO0/FY2-L: P20 to P23
78K0/FA2-L: P20 to P25
78K0/FB2-L: P20 to P27, P70

78K0/Fx2-L microcontrollers are provided with digital 1/O ports, which enable variety of control operations. The
functions of each port are shown in Tables 4-2 to 4-4.

In addition to the function as digital I/O ports, these ports have several alternate functions. For details of the alternate
functions, refer to CHAPTER 2 PIN FUNCTIONS.
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Table 4-2. Port Functions (78K0/FY2-L)

Function Name 110 Function After Reset Alternate Function
P00 I/0 Port 0. Input port TIO00/INTPO
POL 2-bit 1O port. TOO00/TIO10
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P20 I/0 Port 2. Analog input | ANIO
p21 4-bit I/O port. ANI1
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3/CMP2+
P30 110 Port 3. Input port TOH1/TI51/INTP1
1-bit 1/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.
P60 I/0 Port 6. Input port SCLAO/TxD6
2-bit 1/0 port.
P61 Input/output can be specified in 1-bit units. SDAAO/RXD6
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.
P121 Input Port 12. Input port X1/TOOLCO
P122 2-bit input-only port. X2/EXCLK/TOOLDO
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Table 4-3. Port Functions (78K0/FA2-L)

Function Name 110 Function After Reset Alternate Function
P00 I/0 Port 0. Input port TIO00/INTPO
POL 2-bit 1O port. TOO00/TIO10
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P20 I/0 Port 2. Analog input | ANIO
p21 6-bit 1/0 port. ANI1
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3/CMP2+
P24 ANI4/CMPO+
P25 ANI5/CMP1+
P30 I/0 Port 3. Input port TOHL/TIS1/INTP1
P31 3-bit /0 port. o TOXO00/INTP2/TOOLCL
Input/output can be specified in 1-bit units.
P32 Use of an on-chip pull-up resistor can be specified by a TOXOV/INTP3/TOOLD1
software setting.
P60 I/0 Port 6. Input port SCLAO0/TxD6
2-bit 1/0 port.
P61 Input/output can be specified in 1-bit units. SDAAO0/RxD6
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.
P121 Input Port 12. Input port X1/TOOLCO
P122 2-bitinput-only port. X2/EXCLK/TOOLDO
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Table 4-4. Port Functions (78K0/FB2-L)

Function Name 110 Function After Reset Alternate Function
P00 I/0 Port 0. Input port TIO00/INTPO
POL 3-bit 1O port. TOOO/TIO10
Input/output can be specified in 1-bit units. [—
P02 . . i SSI11/INTP5
Use of an on-chip pull-up resistor can be specified by a
software setting.
P20 I/0 Port 2. Analog input | ANIO
p21 8-bit 1/0 port. ANI1
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3/CMP2+
P24 ANI4/CMPO+
P25 ANI5/CMP1+
P26 ANI6/CMPCOM
P27 ANI7
P30 I/O Port 3. Input port TOHL/TIS1/INTP1
P31 8-bit I/0 port. o TOX0O/INTP2/TOOLCL
Input/output can be specified in 1-bit units.
P32 Use of an on-chip pull-up resistor can be specified by a TOXOV/INTP3/TOOLD1
P33 software setting. TOX10
P34 TOX11/INTP4
P35 SCK11
P36 SI11
P37 So11
P60 I/10 Port 6. Input port SCLAO/TxD6
P61 2-bit /0 port. SDAAO/RXD6
Input/output can be specified in 1-bit units.
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.
P70 110 Port 7. Analog input | ANI8
1-bit 1/O port.
Input/output can be specified in 1-bit units.
P121 Input Port 12. Input port X1/TOOLCO/
2-bit input port. <TI000>/<INTPO>
pP122 X2/EXCLK/TOOLDO

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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4.2 Port Configuration

Ports include the following hardware.

Table 4-5. Port Configuration

Item Configuration
Control registers e 78K0/FY2-L, 78K0/FA2-L
Port mode register (PMxx): PMO, PM2, PM3, PM6
Port register (Pxx): PO, P2, P3, P6, P12

Pull-up resistor option register (PUxx): PUO, PU3, PU6
Port input mode register 6 (PIM6)
Port output mode register 6 (POM®6)
A/D port configuration register 0 (ADPCO)

e 78K0/FB2-L
Port mode register (PMxx): PMO, PM2, PM3, PM6, PM7
Port register (Pxx): PO, P2, P3, P6, P7, P12
Pull-up resistor option register (PUxx): PUO, PU3, PU6
Port input mode register 6 (PIM6)
Port output mode register 6 (POM®6)
A/D port configuration register 0 (ADPCOQ)
A/D port configuration register 1 (ADPC1)
Port alternate switch control register (MUXSEL)

Note

Port

e 78K0/FY2-L: Total: 11 (CMOS I/0: 9, CMOS input: 2)
e 78K0/FA2-L: Total: 15 (CMOS I/O: 13, CMOS input: 2)
e 78K0/FB2-L: Total: 24 (CMOS I/O: 22, CMOS input: 2)

Pull-up resistor

e 78K0/FY2-L: Total: 5
e 78K0/FA2-L: Total: 7
e 78K0/FB2-L: Total: 13

Note 78KO0/FB2-L only.
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4.2.1 Port0

78KO/FY2-L (16-pin)

78KO/FA2-L (20-pin)

78K0/FB2-L (30-pin)

POO/TI0O00/INTPO

POO/TI000/INTPO

POO/TI000/INTPO

P01/TO00/TI010

P01/TO00/TI010

P01/TO00/TI010

P02/SSI11/INTP5

Port 0 is an I/0O 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 P02 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).

This port can also be used for timer I/O, external interrupt request input, and serial interface chip select input.

Reset signal generation sets port 0 to input mode.
Figures 4-1 to 4-3 show block diagrams of port 0.

Figure 4-1. Block Diagram of P0OO

© POOITIO00/INTPO

Vop
™ WRpru
l PUO
© PUOO
P-ch
Alternate function
RD
l I g i] i] |
]
%) ~ <@
2 ! g
g WRPpoRT
g l PO
£
Output latch
~ (P0O)
WRem
l PMO
© PMO0O
%
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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78K0/Fx2-L
Figure 4-2. Block Diagram of P01
Vob
M WRpu
l PUO
O PUO1
Alternate
function
RD
9 ~ e
o
] WRpoRrT
5 PO
£
A Output latch
~ (PO1) ——O PO1/TI010/TO00
WRpm
PMO
S PMO1
Alternate
function
%
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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78K0/Fx2-L
Figure 4-3. Block Diagram of P02
Vob
™1 WRpu
PUO
S PU02
RD
Alternate
function
2] = ,
3 Fany /I §
= vay 3 j j
g N g
e
= WRPpoRrT
PO
A Qutput latch R
~ (P02) N © P02/SSI11/INTP5
WRpm
PMO
S PMO02
~_
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 Port 2

78KO/FY2-L (16 Pins)

78KO/FA2-L (20 Pins) | 78KO/FB2-L (30 Pins)

P20/ANIO P20/ANIO P20/ANIO
P21/ANI1 P21/ANI1 P21/ANI1
P22/ANI2 P22/ANI2 P22/ANI2
P23/ANI3/CMP2+ P23/ANI3/CMP2+ P23/ANI3/CMP2+
- P24/ANI4/CMPO+ P24/ANI4/CMPO+
- P25/ANI5/CMP1+ P25/ANI5/CMP1+

P26/ANI6/CMPCOM

P27/ANI7

Port 2 is an I/0O 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, comparator input, and comparator common input.

When using P20/ANIO to P27/ANI7, set the registers according to the pin function to be used (refer to Tables 4-6 to 4-

10).

To use P20/ANIO to P27/ANI7 as a digital input or a digital output, it is recommended to select a pin to use starting with
the furthest pin from AVrer (for example, the P24/CMPO+/ANI4 pin in the 78K0/FB2-L). To use P20/ANIO to P27/ANI7 as
an analog input, it is recommended to select a pin to use starting with the closest pin to AVss (for example, the P27/ANI7

pin in the 78K0/FB2-L).

Table 4-6. Setting Functions of P20/ANIO and P22/ANI2 Pins

ADPCO Register

PM2 Register

ADS Register

P20/ANIO and P22/ANI2 Pins

Does not select ANIn.

(n=0,2)
Digital /10 Input mode Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
Output mode Selects ANIn. Setting prohibited
Does not select ANIn. Digital output
Analog input Input mode Selects ANIn. Analog input (to be converted into digital signals)
selection

Analog input (not to be converted into digital signals)

Output mode

Setting prohibited

Remark ADPCO:

PM2:
ADS:

A/D port configuration register 0

Port mode register 2
Analog input channel specification register
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Table 4-7. Setting Functions of P21/ANI1 Pin

ADPCO PM2 Register ADS Register P21/ANI1 Pin
Register
Digital I/0 Input mode Selects ANI1. Setting prohibited
selection Does not select ANI1. Digital input
Output mode | Selects ANI1. Setting prohibited
Does not select ANI1. Digital output
Analog input Input mode Selects ANI1. Analog input (to be converted into digital signals)
selection Does not select ANI1. Analog input (not to be converted into digital signals)
Output mode - Setting prohibited

Table 4-8. Setting Functions of P23/ANI3/CMP2+, P24/ANI4/CMP0O+, P25/ANI5/CMP1+ Pins

ADPCO PM2 Register | CMPmMEN bit ADS Register P23/ANI3/CMP2+, P24/ANI4/CMPO+,
Register (m=0to2) (n=3to5) P25/ANI5/CMP1+ Pins
Digital I/0 Input mode - Selects ANIn. Setting prohibited
selection Does not select ANIn. | Digital input
Output mode - Selects ANIn. Setting prohibited
Does not select ANIn. | Digital output
Analog input | Input mode 0 Selects ANIn. Analog input (to be converted into digital signal)
selection Does not select ANIn. | Analog input (not to be converted into digital signal)
1 Selects ANIn. Analog input (to be converted into digital signal),

Comparator input

Does not select ANIn.

Comparator input

Output mode

Setting prohibited

Remark ADPCO:
PM2:

A/D port configuration register 0
Port mode register 2

CMPmMEN: Bit 7 of comparator m control register (CmCTL)

ADS:

Analog input channel specification register
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Table 4-9. Setting Functions of P26/ANI6/CMPCOM Pin

ADPCO PM2 Register | CmMODSEL1 | CmMODSELO ADS Register P26/ANI6/CMPCOM Pin
Register bit(m=0to2) | bit(m=0to 2)
Digital I/O Input mode - Selects ANI6. Setting prohibited
selection Does not select ANI6. | Digital input
Output mode - Selects ANI6. Setting prohibited
Does not select ANI6. | Digital output
Analog input | Input mode CmMODSEL1 =0, or Selects ANI6. Analog input (to be converted into
selection CMMODSELO = 0 digital signal)

Does not select ANI6.

Analog input (not to be converted
into digital signal)

CmMODSEL1 =1,
CmMODSELO =1

Selects ANIG6.

Analog input (to be converted into
digital signal),

Comparator common input

Does not select ANI6.

Comparator common input

Output mode

Setting prohibited

Remark ADPCO: A/D port configuration register O

PM2: Port mode register 2
CmMODSEL1, CmMODSELO: Bits 4, 3 of comparator m control register (CmCTL)
ADS: Analog input channel specification register

Table 4-10. Setting Functions of P27/ANI7 Pin

ADPCO Register

PM2 Register

ADS Register

P27/ANI7 Pin

Digital /0 selection

Input mode

Selects ANI7.

Setting prohibited

Does not select ANI7.

Digital input

Output mode

Selects ANI7.

Setting prohibited

Does not select ANI7.

Digital output

Analog input
selection

Input mode

Selects ANI7.

Analog input (to be converted into digital signal)

Does not select ANI7.

Analog input (not to be converted into digital signal)

Output mode -

Setting prohibited

Remark ADPCO:
PM2:
ADS:

A/D port configuration register 0
Port mode register 2

Analog input channel specification register

Reset signal generation sets port 2 to analog input.

Figures 4-4 to 4-8 show block diagrams of port 2.

Caution Make the AVRrer pin the same potential as the Vob pin when port 2 is used as a digital port.
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78K0/Fx2-L
Figure 4-4. Block Diagram of P20 to P22 and P27
(A
RD
& A § NG
g o~ &
o]
T WRpoRT
£ P2
e
c
= & Output latch I\ O P20/ANIO o
(P20 to P22, P27) P22/ANI2 and
WRepM P27/ANI7
PM2
A PM20-PM22,
~ PM27
A/D converter
S
Figure 4-5. Block Diagram of P23
A
RD
. N 2
>
= WRPpoRrT
g P2
]
e
o Output latch ™ © P23/ANI3ICMP2+
(P23)
WRem
PM2
& PM23
A/D converter
gy Comparator 2 (+) input
P2: Port register 2
PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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78K0/Fx2-L
Figure 4-6. Block Diagram of P24
A
RD
any /I % L
N e
. ~ 8
a
= WRpoRT
c P2
e
c
& Output latch I © P24/ANIA/ICMPO+
(P24)
WReM
PM2
S PM24
A/D converter
gy Comparator 0 (+) input
Figure 4-7. Block Diagram of P25
A
RD
& A % NG
g N 5
= wr
— PORT
g P2
Q
c
= & Output latch N © P25/ANIS/ICMPL+
(P25)
WRpm
PM2
S PM25
A/D converter
gy Comparator 1 (+) input
P2: Port register 2
PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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78K0/Fx2-L
Figure 4-8. Block Diagram of P26
-
RD
S
& <|I 8 ~—
" 3
2 WRpoRT
g P2
]
c
O Output latch ™ © P26/ANIE/ICMPCOM
(P26)
WRpm
PM2
S PM26
A/D converter
gy Comparator common (-) input
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4.2.3 Port 3

78KO/FY2-L (16 Pins)

78KO/FA2-L (20 Pins)

78KO0/FB2-L (30 Pins)

P30/TOH1/TIS1/INTP1

P30/TOH1/TIS1/INTP1

P30/TOH1/TIS1/INTP1

P31/TOX10/INTP2/TOOLC1

P31/TOX00/INTP2/TOOLC1

P32/TOX11/INTP3/TOOLD1

P32/TOX01/INTP3/TOOLD1

P33/TOX10

P34/TOX11/INTP4

P35/SCK11

P36/SI11

P37/SO11

Port 3 is an I/0 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 to P37 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 1/0O, clock 1/0 and data I/O for serial interface, and
clock input and data I/O for flash memory programmer/on-chip debugger.
Reset signal generation sets port 3 to input mode.

Figures 4-9 to 4-16 show block diagrams of port 3.

Caution To use P35/SCK11 and P37/SO11 of 78K0/FB2-L as general-purpose ports, set serial operation mode

register 11 (CSIM11) and serial clock selection register 11 (CSIC11) to the default status (O0H).

Remark For how to connect a flash memory programmer using TOOLC1/P31, TOOLD1/P32, refer to CHAPTER 24
FLASH MEMORY. For how to connect TOOLC1/P31, TOOLD1/P32 and an on-chip debug emulator, refer
to CHAPTER 25 ON-CHIP DEBUG FUNCTION.
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78K0/Fx2-L
Figure 4-9. Block Diagram of P30
Vobp
M WReu
i PU3
O PU30
Alternate
function
RD
| 5 o<]—o@]——
A o
Y | 2
K n
g WRerpoRT
g P3
£
N Output latch
~ (P30) ——QO P30/TOHU/TISL/INTPL
WRem
PM3
S PM30
Alternate
function
%
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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78K0/Fx2-L
Figure 4-10. Block Diagram of P31
Vop
M WRpu
l PU3
S PU31
Alternate
function
RD
| | g <t
3
2l 7 | 3
2 n
‘_g WRepoRT
5 P3
£
Output latch
~ (P31) —QO P31/TOX00/INTP2/TOOLC1
WRem
l PM3
S PM31
Alternate
function
N
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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78K0/Fx2-L
Figure 4-11. Block Diagram of P32
Vop
M WRpu
l PU3
S PU32
Alternate
function
RD
| | g el
]
N -—
E | 3
E WRPoORT
3 P3
£
Output latch
~ (P32) —O P32/TOXOL/INTP3/TOOLD1
WRem
l PM3
S PM32
Alternate
function
N
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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Figure 4-12. Block Diagram of P33
Vop
M\ WRpu
l PU3
O PU33
RD
Pany /I % L
N\ —_
E N 3
T | WR
g PORT P3
=
A Output latch
~ (P33) ——O P33/TOX10
WRpm
PM3
S PM33
Alternate
function
N
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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78K0/Fx2-L
Figure 4-13. Block Diagram of P34
Vob
M\ WRepu
l PU3
O PU34
Alternate
function
RD
FanY /I 8
~ N T
" "
=}
° WRpoRrT
g P3
8
€ A Output latch
~ (P34) +——© P34/TOX11/INTP4
WRpm
PM3
S PM34
Alternate
function
%
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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78K0/Fx2-L CHAPTER 4 PORT FUNCTIONS
Figure 4-14. Block Diagram of P35
Voo
M\ WRpu
l PU3
O PU35
Alternate
function
RD
| 5 OM—
Fany 1
O Q
! 8
2]
>
2 WRpoRT
o P3
9]
IS A Output latch —
- (P35) ] —© P35/SCK11
WRpm
PM3
S PM35
Alternate
function
N
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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78K0/Fx2-L
Figure 4-15. Block Diagram of P36
Vop
] WRpu
l PU3
S PU36
Alternate
function
RD
2 5 o<]—o@]7
o] =
5 N 3
= WRpoRT
P3
A Output latch
- (P36) O P36/SI11
WRem
PM3
S PM36
~_
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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78K0/Fx2-L
Figure 4-16. Block Diagram of P37
Voo
M WRpu
l PU3
O PU37 ) | P-ch
-Cl
RD
FanY /I % L
A\ \I °
0 %)
° WRpoRT
g P3
@
IS A Output latch
© (P37) ——© P37/S011
WRpm
PM3
S PM37
Alternate
function
AN
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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4.2.4 Port 6

78KO/FY2-L (16-pin) 78KO/FA2-L (20-pin) 78KO0/FB2-L (30-pin)
P60/SCLAO/TXD6 P60/SCLAO/TXD6 P60/SCLAO/TXD6
P61/SDAAO/RXD6 P61/SDAAO/RXD6 P61/SDAAO/RXD6

Port 6 is an 1/0O 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 P60 and P61 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 (PU6).

Input to the P60 and P61 pins can be specified through a normal input buffer or an SMBus input buffer in 1-bit units,
using port input mode register 6 (PIM6).

Output from the P60 and P61 pins can be specified as normal CMOS output or N-ch open-drain output (Vob tolerance)
in 1-bit units, using port output mode register 6 (POMB).

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

Reset signal generation sets port 6 to input mode.

Caution To use P60/SCLAO/TxD6 of 78K0/FY2-L, 78K0/FA2-L, and 78K0/FB2-L as general-purpose port, clear
bit 0 (TXDLV6) of asynchronous serial interface control register 6 (ASICL6) to 0 (normal output of

TxD6).

Figures 4-17 and 4-18 show block diagrams of port 6.
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CHAPTER 4 PORT FUNCTIONS

M\ WRepu

PUG6

Figure 4-17. Block Diagram of P60

PUGO

Alternate
function

PIM6

RD

PIM60

WRpoRrT

P6

Selector

ol

POMG6

POM60

Internal bus

Output latch
(P60)

PM6

PM60

P-ch

Alternate
function

P6: Port register 6
PUEG: Pull-up resistor option register 6
PM6:  Port mode register 6
PIM6:  Port input mode register 6

POM®6: Port output mode register 6

RD: Read signal
WRxx: Write signal

—© P60/SCLAO/TXD6
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78KO0/Fx2-L
Figure 4-18. Block Diagram of P61
Vop
M\ WRepu
l PU6
O PU61
P-ch
PIM6
Alternate
function PIM61
RD I
| 5 o<]—o@]—
o 9
v | 2 POM6
g ()]
= | WReosr POM61
c P6
o
= A Output latch
< (P61) ] —O P61/SDAAO/RXD6
WRpm
PM6
S PM61
Alternate
function
N
P6: Port register 6
PUG: Pull-up resistor option register 6
PM6:  Port mode register 6
PIM6:  Port input mode register 6
POM®6: Port output mode register 6
RD: Read signal
WRxx: Write signal
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4.25 Port7

78KO/FY2-L (16-pin) 78KO/FA2-L (20-pin) 78KO0/FB2-L (30-pin)

_ - P70/ANI8

Port 7 is an 1/0O 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).

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

When using P70/ANI8, set the registers according to the pin function to be used (refer to Table 4-11).

Table 4-11. Setting Functions of P70/ANI8 Pin

ADPC1 Register PM7 Register ADS Register P70/ANI8 Pin
Digital /0 selection Input mode Selects ANI8. Setting prohibited
Does not select ANIS8. Digital input
Output mode Selects ANI8. Setting prohibited
Does not select ANIS8. Digital output
Analog input Input mode Selects ANI8. Analog input (to be converted into digital signal)
selection Does not select ANIS8. Analog input (not to be converted into digital signal)
Output mode - Setting prohibited

Remark ADPCL1: A/D port configuration register 1
PM7: Port mode register 7
ADS:  Analog input channel specification register

Reset signal generation sets port 7 to analog input.
Figure 4-19 shows a block diagram of port 7.
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78KO0/Fx2-L
Figure 4-19. Block Diagram of P70
A
RD
Pary /I § ;
N P
g N 8
o)
© WRPpoRT
g P7
o
- Output latch I\
& (P70) © P70/ANI8
WRemMm
PM7
S PM70
A/D converter
S
P7: Port register 7

PM7:  Port mode register 7
RD: Read signal
WRxx: Write signal
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4.2.6 Port 12
78KO/FY2-L (16 Pins) 78KO0/FA2-L (20 Pins) 78KO0/FB2-L (30 Pins)
P121/X1/TOOLCO P121/X1/TOOLCO P121/X1/TOOLCO/<TIO00>/<INTPO>
P122/X2/EXCLK/TOOLDO P122/X2/EXCLK/TOOLDO P122/X2/EXCLK/TOOLDO

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).

P121 and P122 function as an input port.
This port can also be used as pins for potential input for connecting resonator for main system clock, external clock

input for main system clock, and clock input and data I/O for flash memory programmer/on-chip debugger.

The timer input or external interrupt request input can be assigned to P121 of the 78K0/FY2-L by setting the port
alternate switch control register (MUXSEL).

Reset signal generation sets port 12 to input mode.

Figure 4-20 shows block diagrams of port 12.

Caution When using the P121 and P122 pins to connect a resonator for the main system clock (X1, X2), or to
input an external clock for the main system clock (EXCLK), the X1 oscillation mode or external clock
input mode must be set by using the clock operation mode select register (OSCCTL) (for details,
refer to 5.3 (1) Clock operation mode select register (OSCCTL)). The reset value of OSCCTL is 00H
(all of the P121 and P122 pins are input port pins).

Remark For how to connect a flash memory programmer using TOOLCO0/X1, TOOLDO0/X2, refer to CHAPTER 24
FLASH MEMORY. For how to connect TOOLCO0/X1, TOOLDO0/X2 and an on-chip debug emulator, refer to
CHAPTER 25 ON-CHIP DEBUG FUNCTION.
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Figure 4-20. Block Diagram of P121 and P122

A
/]|
OSCCTL
"D OSCSEL
Fany | {
2 | \ © P122/X2/EXCLK/ITOOLDO
Qo
3
£
Q
£
0SscCTL
EXCLK, OSCSEL Til{x
RD
s | /—yj
| . © P121/X1/TOOLCO (78KO/FY2-L, 78KO/FA2-L)
P121/X1/TOOLCO/<TIO00>/<INTPO> (78KO/FB2-L)
MUXSELNt®
INTPOSELO | TMOOSELO |
Alternate 4 o 4 o ﬂ
function
—~_

MUXSEL: Port alternate switch control register
OSCCTL: Clock operation mode select register
RD: Read signal
WRxx: Write signal

Note 78KO/FB2-L only.
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4.3 Registers Controlling Port Function
Port functions are controlled by the following seven types of registers.

e Port mode registers (PMxx)

o Port registers (Pxx)

e Pull-up resistor option registers (PUxx)

e Port input mode register 6 (PIM6)

e Port output mode register 6 (POM6)

e A/D port configuration registers n (ADPCn)

e Port alternate switch control register (MUXSEL)

Remark n=0 :78KO0/FY2-L, 78K0O/FA2-L
n=0,1:78K0/FB2-L

(1) Port mode registers (PMxx)
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 4-21. Format of Port Mode Register (78K0/FY2-L)

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  R/W
pmo | 1 | 1 [ 1 | 1 | 1 | 1 | pmor | Pmoo | FFOH  FFH RIW
pvz | 1 | 1 | 1 |1 [pm2ave [pm22e | pm2ite [pmaote | FR22H FFH RIW
s | 1 | 1 | 1 | 1 | 1 | 1 | 1 | pmo | Frean FRH RIW
pme | 1 | 1 | 1 | 1 | 1 | 1 | pver | pmeo | FF2eH  FFH RIW

PMmn Pmn pin /O mode selection

(m=0,2,3,6;n=0t03)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note If this pin is set as an analog input by using the ADPCO register, be sure to set it to input mode.

Caution Be sure to set bits 2 to 7 of PMO, bits 4 to 7 of PM2, bits 1 to 7 of PM3, bits 2to 7 of PM6 to 1.

Figure 4-22. Format of Port Mode Register (78K0/FA2-L)

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  RIW
o [T T T T v T TowiTowm] ooon o eow
PM2 | 1 | 1 |Pm2se| pmaate | pm2ae [ pm22 e | pm2itee [pmaot | FR22H  FRH RIW
M3 | 1 | 1 [ 1 | 1 | 1 | pPms2 | pm31 | Pm30 | FF23H  FRH RIW
pme | 1 | 1 | 1 | 1 | 1 | 1 | pver | pmeo | Fr2eH  FFH RIW

PMmn Pmn pin /0 mode selection

(m=0,2,3,6;n=0to5)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note If this pin is set as an analog input by using the ADPCO register, be sure to set it to input mode.

Caution Be sure to set bits 2 to 7 of PMO, bits 6, 7 of PM2, bits 3to 7 of PM3, bits 2 to 7 of PM6 to 1.
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Figure 4-23. Format of Port Mode Register (78K0/FB2-L)

Symbol 7 6 5 4 3 2 1 0
Pmo | 1 1 | 1 ] 1 | 1 | pmoz | pmor | Pmoo |
PM2 |PM27Note PM26"°'® | PM25"' | PM24™'¢| PM23"'¢ | PM22"' | PM21M' PM20WW|

PM3 | PM37 | PM36 | PM35 | PM34 | PM33 | Pm32 | PM31 | PM30 |

Address

FF20H

FF22H

FF23H

FF26H

FF27H

After reset
FFH

FFH

FFH

FFH

FFH

R/W
R/W

R/W

R/W

R/W

R/W

PM6 | 1 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM61 ‘ PM60 |
PM7 | 1 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘PM?ON"‘el
PMmn Pmn pin 1/0O mode selection
(m=0,2,3,6,7,n=0t07)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Note If this pin is set as an analog input by using the ADPC1 or ADPCO register, be sure to set it to input mode.

Caution Be sure to set bits 3to 7 of PMO, bits 2to 7 of PM6, bits 1to 7 of PM7 to 1.

(2) Port registers (Pxx)

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.
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Figure 4-24. Format of Port Register (78K0/FY2-L)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PO1 ‘ POO | FFOOH  OOH (output latch) R/W
P2 o | o | o | o [pagwer|poower|poret|pogvet| FRO2H  00H (outputlatch) RMW
P3 o | o | o | o | o | o | o | P30 | FrosH  00H (outputlatch) RW
P6 o | o | o | o | o | o | per | P60 | FFosH  00H (outputlatch) R

P12 0 \ 0 \ 0 \ 0 \ 0 ‘P122N°'” p12ghe? 0 | FFOCH 00H R
Pmn m=0,2,3,6,12;,n=0to 3
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level
Notes 1. If this pin is set as an analog input and to input mode, do not access the output latch.
2. “0”is always read from the output latch of the pin in the X1 oscillation mode or external clock input
mode.
Figure 4-25. Format of Port Register (78K0/FA2-L)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
po| o | o | o | o | o | o | pox | Poo | FFOOH  00H (outputlatch) R
P2 0 \ 0 \st’“mel \ p2ghetel | ppghotel \Pzz“"tel \ p2qNetet P20N°‘el| FFO2H  OOH (output latch) R/W
P3 o | o | o | o | o | ps2 | Pt | P30 | FFosH  00H (outputlatch) RW
P6 o | o | o | o | o | o | per | P60 | FrosH  00H (outputlatch) RW

P2 o | o | o | o | o [prz2ezlprarezl o | FrocH 00H R
Pmn m=0,2,36,12;,n=0to5
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level
Notes 1. If this pin is set as an analog input and to input mode, do not access the output latch.
2. “0”is always read from the output latch of the pin in the X1 oscillation mode or external clock input

mode.
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Figure 4-26. Format of Port Register (78K0/FB2-L)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
P0| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ P02 ‘ PO1 ‘ P0OO | FFOOH  OOH (output latch) R/W

P2 pa7'iet [poghtet | posiotet | pagteret | pogiotet | pogietet | ppgvetet | pogheet | FRO2H  0OH (outputlatch) — RAW

P3 | P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 | FFOBH OOH (outputlaich) R
P6 | 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ P61 \ P60 | FFO6H  OOH (output latch)  R/W
p7| o | o | o | o | o | o | o | P | Fro7H 00H (outputlatch) RMW
P2 o | o | o | o | o [piz2vezlprarvezl o | FrocH 00H R
Pmn m=0,2,3,6,7,12,n=0to 7
Output data control (in output mode) Input data read (in input mode)
0 Output O Input low level
1 Output 1 Input high level

Notes 1. If this pin is set as an analog input and to input mode, do not access the output latch.
2. “0”is always read from the output latch of the pin in the X1 oscillation mode or external clock input
mode.
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(3) Pull-up resistor option registers (PUxx)
These registers specify whether the on-chip pull-up resistors 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 these registers. 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 these registers.

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

Reset signal generation clears these registers to O0H.

Symbol
PUO

PU3

PUG

Symbol
PUO

PU3

PUG

Figure 4-27. Format of Pull-up Resistor Option Register (78KO0/FY2-L)

7 6 5 4 3 2 1 0 Address  After reset R/W
0 o | o | o | o | o | puox | puoo | Fr3oH 00H RIW
0 o | o | o | o | o | o |Pu | FrsnH 00H RIW
0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PU61 ‘ PU60 | FF36H 00H R/W
PUmn Pmn pin on-chip pull-up resistor selection
(m=0,3,6;,n=0,1)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
Figure 4-28. Format of Pull-up Resistor Option Register (78K0/FA2-L)
7 6 5 4 3 2 1 0 Address  After reset R/W
0 0 0 0 0 o | puor | puoo | FFaoH 00H RIW
0 o | o | o | o [pus2| pust | Pus | FrasH 00H RIW
0 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PU6G1 ‘ PU60 | FF36H 00H R/W
PUmn Pmn pin on-chip pull-up resistor selection
(m=0,3,6,n=0t02)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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Figure 4-29. Format of Pull-up Resistor Option Register (78K0/FB2-L)

symbol 7 6 5 4 3 2 1 0 Address Afterreset R
poo| o | o | o | o | o [puoz| puor | Puoo | FFoH oo RIW
PU3 | PU37 | PU3s | Puss | Pu34 | PU33 | PU32 | PU3L | PU30 | FF33H  OOH RIW
e (5 T o T o T o T o [0 Tomlrm] mm o e

PUmMN Pmn pin on-chip pull-up resistor selection

(m=0,3,6;n=0t07)

0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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(4) Portinput mode register 6 (PIM6)
This register sets the input buffer of P60 or P61 in 1-bit units.

When using an input compliant with the SMBus specifications in I°C communication, set PIM60 and PIM61 to 1.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 4-30. Format of Port Input Mode Register 6 (PIM6)

Address: FF3EH Afterreset: 00H R/W

Symbol 7 6 3 2 1

[6;]
I

0

0 0 PIM61

o
o

PIM6 0 0

PIM60

PIM6n P6n pin input buffer selection (n = 0, 1)

0 Normal input (Schmitt) buffer

1 SMBus input buffer

(5) Port output mode register 6 (POM6)
This register sets the output mode of P60 and P61 in 1-bit units.
During I°’C communication, set POM60 and POM61 to 1.

When using the P60/TxD6/SCLAO pin as the data output of serial interface UART6, clear POM60 to 0.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0OH.

Figure 4-31. Format of Port Output Mode Register 6 (POM®6)

Address: FF2AH  Afterreset: 00H R/W
1

(6]
I
w

N

Symbol 7 6

0

POM6 0 0 0 0 0

0 POM61

POM60

POM6N P6n pin output mode selection (n =0, 1)

0 Normal output (CMOS output) mode

1 N-ch open drain output (Voo tolerance) mode
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(6) A/D port configuration registers n (ADPCn)
ADPCO switches the P20/ANIO to P27/ANI7 pins to digital I/O or analog input of port. Each bit of ADPCO corresponds
to a pin of port 2 and can be specified in 1-bit units.
ADPC1 switches the P70/ANI8 pin to digital I/O or analog input of port. Each bit of ADPC1 corresponds to the P70
pin in port 7 and can be specified in 1-bit units.
ADPCnh can be set by a 1-bit or 8-bhit memory manipulation instruction.
Reset signal generation clears ADPCn to O0H.

Remark n=0 :78KO0/FY2-L, 78KO/FA2-L
n=0,1:78K0/FB2-L

Figure 4-32. Format of A/D Port Configuration Register 0 (ADPCO)

(a) 78KO/FY2-L

Address: FF2EH  Afterreset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

ADPCO 0 0

o
o

ADPCS3 ADPCS2 ADPCS1 ADPCSO

(b) 78KO/FA2-L

Address: FF2EH  Afterreset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

ADPCO 0 0 ADPCS5 ADPCS4 ADPCS3 ADPCS2 ADPCS1 ADPCSO

(c) 78KO/FB2-L

Address: FF2EH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

ADPCO ADPCS7 ADPCS6 ADPCS5 ADPCS4 ADPCS3 ADPCS2 ADPCS1 ADPCSO

ADPCSn Digital 1/0 or analog input selection (n = 0 to 7)
0 Analog input
1 Digital /10

Cautions 1. Set the pin set to analog input to the input mode by using port mode register 2 (PM2).
2. If data is written to ADPCO, a wait cycle is generated. Do not write data to ADPCO when the
peripheral hardware clock is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR WAIT.
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Figure 4-33. Format of A/D Port Configuration Register 1 (ADPC1)
(78KO/FB2-L Only)

Address: FF2FH Afterreset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
ADPC1 0 0 0 0 0 0 0 ADPCS8
ADPCSS8 Digital I/O or analog input selection
0 Analog input
1 Digital /10

Cautions 1. Set the pin set to analog input to the input mode by using port mode register 7 (PM7).
2. If data is written to ADPC1, a wait cycle is generated. Do not write data to ADPC1 when the
peripheral hardware clock is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR WAIT.
(7) Port alternate switch control register (MUXSEL)"*"®
This register assigns the pin function.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears MUXSEL to O0H.

Note 78KO/FB2-L only

Figure 4-34. Format of Port Alternate Switch Control Register (MUXSEL)
(78K0/FB2-L Only)

Address: FF39H  Afterreset: 00H R/W

Symbol 7 <6> 5 <4> 3 2 1 0
MUXSEL 0 INTPOSELO 0 TMOOSELO 0 0 0 0
INTPOSELO External interrupt input (INTPO) pin assignment
0 (default)
1 P121/INTPO
TMOOSELO 16-bit timer/event counter 00 input (T1000) pin assignment
0 (default)
1 P121/T1000
RO1UHO068EJ0203 Rev.2.03 - zEN ESNS 119

Jun 29, 2012



78K0/Fx2-L CHAPTER 4 PORT FUNCTIONS

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 1/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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4.5 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 Tables 4-12 to 4-14.

Table 4-12. Settings of Port Mode Register and Output Latch When Using Alternate Function
(78KO/FY2-L) (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name 110
P00 TI000 Input 1 X
INTPO Input 1 X
PO1 TIO10 Input 1 x
TOO00 Output 0 0
P20 ANIQ"*e? Input 1 x
P21 ANJNe? Input 1 X
P22 ANJ2Me? Input 1 X
P23 ANj3Netet Input 1 X
CMmp2+'re? Input 1 X
P30 INTP1 Input 1 X
TI51 Input 1 X
TOH1 Output 0 0
P60 ScLAQNOtes ¥4 110 0 1
TxD6""®® Output 0 1
P61 SDAAQ" ' % /0 0 1
RxD6 Input 1 X

Notes 1. The pin function can be selected by using ADPCO register, PM2 register, and ADS register. Refer to Tables

4-6 to 4-8 of 4.2.3 Port 2.

2. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and CMPmMEN (m =
0 to 2) bit. Refer to Table 4-8in 4.2.2 Port 2.

3. During 1’c communication, set SCLAO and SDAAO to N-ch open drain output (Voo tolerance) mode by using
POMBG register (refer to 4.3 (5) Port output mode register 6 (POM6)).

4. When using an input compliant with the SMBus Specifications in I°C communication, select the SMBus input
buffer by using PIM6 register (refer to 4.3 (4) Port input mode register 6 (PIM6)).

5. During UART communication, set TxD6 to normal output (CMOS output) mode by using POM®6 register (refer
to 4.3 (5) Port output mode register 6 (POM®6)).

Remark x: Don't care
PMxx: Port mode register
Pxx:  Port output latch
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Table 4-12. Settings of Port Mode Register and Output Latch When Using Alternate Function

(78KO/FY2-L) (2/2)

Pin Name Alternate Function PMxx Pxx
Function Name 1/0
P121 xahete - x X
TOOLCO Input X X
P122 x2Nete - X X
EXCLKN"® Input x X
TOOLDO 1/10 X X

Note When using the P121 and P122 pins to connect a resonator for the main system clock (X1, X2) or to input an

external clock for the main system clock (EXCLK), the X1 oscillation mode or external clock input mode must be

set by using OSCCTL register (for details, refer to 5.3 (1) Clock operation mode select register (OSCCTL)).

The reset value of OSCCTL is 00H (both P121 and P122 are input port pins).

Remark x:

Don't care

PMxx: Port mode register
Pxx:  Port output latch
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Table 4-13. Settings of Port Mode Register and Output Latch When Using Alternate Function

(78KO/FA2-L) (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name 110
P00 TI000 Input 1 X
INTPO Input 1 X
P01 TI010 Input 1 x
TOO00 Output 0 0
P20 ANoMe? Input 1 X
P21 ANJ1Me? Input 1 X
P22 AN2Ne? Input 1 X
P23 AN|3"e? Input 1 x
CMp2+oe? Input 1 X
P24 AN|4Ne? Input 1 X
CMPO+"°te? Input 1 X
P25 AN|5Ne? Input 1 X
CMP1+Nte? Input 1 x
P30 INTP1 Input 1 x
TIS1 Input 1 X
TOH1 Output 0 0
P31 INTP2 Input 1 x
TOOLC1 Input X X
P32 INTP3 Input 1 x
TOOLD1 110 X X
P60 scLAQheres 4 /O 0 1
TxD6"'*® Output 0 1
P61 SDAAQN® 4 lle} 0 1
RxD6 Input 1 X
Notes 1. The pin function can be selected by using ADPCO register, PM2 register, and ADS register. Refer to Tables
4-6 and 4-7 of 4.2.2 Port 2.
2. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and CMPmMEN (m =
0 to 2) bit. Refer to Table 4-8in 4.2.2 Port 2.
3. During e communication, set SCLAO and SDAAO to N-ch open drain output (Voo tolerance) mode by using
POMEG register (refer to 4.3 (5) Port output mode register 6 (POM6)).
4. When using an input compliant with the SMBus Specifications in I°C communication, select the SMBus input
buffer by using PIM6 register (refer to 4.3 (4) Port input mode register 6 (PIM6)).
5. During UART communication, set TxD6 to normal output (CMOS output) mode by using POM6 register
(refer to 4.3 (5) Port output mode register 6 (POM®6)).
Remark x: Don't care

PMxx: Port mode register

Pxx:  Port output latch
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Table 4-13. Settings of Port Mode Register and Output Latch When Using Alternate Function
(78KO/FA2-L) (2/2)

Pin Name Alternate Function PMxx Pxx
Function Name lfe}
P121 xaher - x X
TOOLCO Input X X
P122 x2Net - x X
EXCLKN"® Input x X
TOOLDO 1/0 X X
Note When using the P121 and P122 pins to connect a resonator for the main system clock (X1, X2) or to input an

external clock for the main system clock (EXCLK), the X1 oscillation mode or external clock input mode must
be set by using OSCCTL register (for details, refer to 5.3 (1) Clock operation mode select register
(OSCCTL)). The reset value of OSCCTL is 00H (both P121 and P122 are input port pins).

Remark x: Don'tcare
PMxx: Port mode register
Pxx:  Port output latch
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Table 4-14. Settings of Port Mode Register and Output Latch When Using Alternate Function

(78KO/FB2-L) (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name 110
P00 TI000 Input 1 X
INTPO Input 1 X
P01 TI010 Input 1 x
TOO00 Output 0 0
P02 ssi1 Input 1 x
INTP5 Input 1 X
P20 ANOMe? Input 1 X
P21 ANJ1Me? Input 1 x
P22 AN2Ne? Input 1 X
P23 AN|3"e? Input 1 X
CMp2+te? Input 1 X
P24 AN|ghNee? Input 1 X
CMPO+N°te? Input 1 x
P25 AN|5Ne? Input 1 X
CMP1+Nte? Input 1 x
P26 ANIgNe? Input 1 X
CcMPcom™te? Input 1 x
P27 AN7Ne? Input 1 X
P30 INTP1 Input 1 X
TIS1 Input 1 X
TOH1 Output 0
Notes 1. The pin function can be selected by using ADPCO register, PM2 register, and ADS register. Refer to Tables
4-6 and 4-7 in 4.2.2 Port 2.
2. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and CMPmMEN (m =
0 to 2) bit. Refer to Table 4-8in 4.2.2 Port 2.
3. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and CmMODSEL1
and CmMODSELO (m = 0 to 2) bits. Refer to Table 4-9 in 4.2.2 Port 2.
4. The pin function can be selected by using ADPCO register, PM2 register, and ADS register. Refer to Table
4-10in 4.2.2 Port 2.
Remark x: Don'’t care

PMxx: Port mode register

Pxx:  Port output latch
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Table 4-14. Settings of Port Mode Register and Output Latch When Using Alternate Function

(78KO/FB2-L) (2/2)

Pin Name Alternate Function PMxx Pxx
Function Name 110

P31 TOX00 Output 0 0
INTP2 Input 1 X

TOOLC1 Input X X

P32 TOX01 Output 0 0
INTP3 Input 1 X

TOOLD1 110 X X

P33 TOX10 Output 0 0
P34 TOX11 Output 0 0
INTP4 Input 1 X

P35 SCK11 Input 1 X
Output 0 1

P36 SI11 Input 1 X
P37 SO11 Output 0 0
P60 SCLAQV'®* -2 110 0 1
TxD6"'®3 Output 0 1

P61 SDAAQ** 2 110 0 1
RxD6 Input 1 X

P70 ANIghe? Input 1 X
P121 xq"oe® - x X
TOOLCO Input X X

<TI000> Input X X

<INTPO> Input X X

P122 x2Noe® - x X
EXCLKMN*®® Input x X

TOOLDO 1/0 X X

Notes 1. During I°C communication, set SCLAO and SDAAO to N-ch open drain output (Vob tolerance) mode by using
POMS register (refer to 4.3 (5) Port output mode register 6 (POM6)).

2. When using an input compliant with the SMBus Specifications in 1°C communication, select the SMBus input
buffer by using PIM6 register (refer to 4.3 (4) Port input mode register 6 (PIM6)).

3. During UART communication, set TxD6 to normal output (CMOS output) mode by using POM6 register
(refer to 4.3 (5) Port output mode register 6 (POM6)).

4. The pin function can be selected by using ADPC1 register, PM7 register, and ADS register. Refer to Table
4-11 of 4.2.5 Port 7.

5. When using the P121 and P122 pins to connect a resonator for the main system clock (X1, X2) or to input an
external clock for the main system clock (EXCLK), the X1 oscillation mode or external clock input mode must
be set by using OSCCTL register (for details, refer to 5.3 (1) Clock operation mode select register
(OSCCTL)). The reset value of OSCCTL is 00H (both P121 and P122 are input port pins).

Remark x: Don't care

PMxx: Port mode register

Pxx:  Port output latch
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4.6 Cautions on 1-bit Memory Manipulation Instruction for Port Register n (Pn)

When a 1-bit memory 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 P20 is an output port, P21 to P27 are input ports (all pin statuses are high level), and the port
latch value of port 2 is O0H, if the output of output port P20 is changed from low level to high level via a
1-bit memory manipulation instruction, the output latch value of port 2 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 memory manipulation instruction is executed in the following order in the 78KO0/Fx2-L
microcontrollers.
<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 P20, which is an output port, is read, while the pin statuses of
P21 to P27, which are input ports, are read. If the pin statuses of P21 to P27 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 4-35. 1-bit Memory Manipulation Instruction (P20)
1-bit memory
P20 @ manipulation P20 @
instruction :
Low-level output (setl P2.0) is High-level output
executed for P20 bit,
P21 to P27 O P21 to P27 O

Pin status: High level

Port 2 output latch

[ofofofofofofo]o]

Pin status: High level

Port 2 output latch

(oo fafefafafa]a]

<2> Set the P20 bitto 1.

in 8-bit units.

1-bit manipulation instruction for P20 bit

<1> Portregister 1 (P2) is read in 8-bit units.
¢ In the case of P20, an output port, the value of the port output latch (0) is read.
e In the case of P21 to P27, input ports, the pin status (1) is read.

<3> Write the results of <2> to the output latch of port register 2 (P2)

Remark The following instructions are 1-bit memory manipulation instructions.
e MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT11, NOT1
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CHAPTER 5 CLOCK GENERATOR

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.

(1) Main

system clock

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 using the main clock mode register (MCM).

<1>

<2>

<3>

<4>

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 using the main OSC control register (MOC).
Internal high-speed oscillator

This circuit oscillates a clock of fin = 4 MHz (TYP.)/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 using the internal oscillation mode/PLL control register (RCM).

External main system clock input

An external main system clock (fexcik = 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 using RCM.
Multiplication function using PLL (phase locked loop)

If 4 MHz is selected for the main system clock, the PLL mode can be used. In this mode, a clock of ten times
the main system clock times 1/2 (20 MHz) can be supplied.

(2) Internal low-speed oscillation clock (clock for watchdog timer)
e Internal low-speed oscillator
This circuit oscillates a clock of fi = 30 kHz (TYP.). After a reset release, the internal low-speed oscillation clock

always starts operating.

Oscillation can be stopped by using the internal oscillation mode/PLL control register (RCM) when “internal low-
speed oscillator can be stopped by software” is set by option byte.

The internal low-speed oscillation clock cannot be used as the CPU clock. The following hardware operates with

the

internal low-speed oscillation clock.

e Watchdog timer

e 8-bit timer H1 (when fi, fiL/2®, or fi/2'is selected)
Remark fx: X1 clock oscillation frequency
fiH: Internal high-speed oscillation clock frequency
fexck: External main system clock frequency
fiL: Internal low-speed oscillation clock frequency
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5.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

Item Configuration

Control registers Clock operation mode select register (OSCCTL)

Processor clock control register (PCC)

Internal oscillation mode/PLL control register (RCM)

Main OSC control register (MOC)

Main clock mode register (MCM)

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

Oscillators High-speed system clock oscillator
Internal high-speed oscillator
Internal low-speed oscillator

The register settings specify the clocks to be supplied as the main system clock and peripheral hardware clock as
follows.

Table 5-2. Clocks Supplied to Main System Clock and Peripheral Hardware Clock

XSEL MCMO | SELPLL Main System Clock (fxp) Peripheral Hardware Clock (fers)
0 0 0 Internal high-speed oscillation clock (fi)
1
0 0 1 10 times the internal high-speed oscillation clock (fi1) x 1/2
1
1 0 0 Internal high-speed oscillation clock (fi) High-speed system clock (fx+)
1 0 1 Setting prohibited
1 1 0 High-speed system clock (fx+)
1 1 1 10 times the high-speed system clock (fxw) x 1/2

Remark XSEL: Bit 2 of the main clock mode register (MCM)
MCMO: Bit 0 of MCM
SELPLL: Bit 3 of the internal oscillation mode/PLL control register (RCM)
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Remark fx:
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fim:

fexcLk:

fxH:
fxp:
fiL:
fcpu:

fers:

Internal high-speed oscillation clock frequency
External main system clock frequency
High-speed system clock frequency

Main system clock frequency

Internal low-speed oscillation clock frequency
CPU clock frequency

Peripheral hardware clock frequency

5.3 Registers Controlling Clock Generator

The following seven registers are used to control the clock generator.

o Clock operation mode select register (OSCCTL)

e Processor clock control register (PCC)

e Internal oscillation mode/PLL control register (RCM)
e Main OSC control register (MOC)

e Main clock mode register (MCM)

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

(1) Clock operation mode select register (OSCCTL)
This register selects the operation modes of the high-speed system.

OSCCTL 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 5-2. Format of Clock Operation Mode Select Register (OSCCTL)

Address: FFOFH  After reset: OOH R/W

Symbol

OSCCTL EXCLK

<7> <6> 5 4 3 2 1 <0>
OSCSEL 0 0 0 0 0 AMPH
EXCLK OSCSEL | High-speed system clock P121/X1 pin P122/X2/EXCLK pin
pin operation mode
0 0 Input port mode Input port
0 1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 Input port mode Input port
1 1 External clock input Input port External clock input
mode
AMPH Oscillation frequency control
0 2 MHz < fxn £ 10 MHz
1 10 MHz < fx1 < 20 MHz
Cautions 1. Be sure to set AMPH to 1 if the high-speed system clock oscillation frequency

exceeds 10 MHz.

2. Set AMPH before setting the main system mode register (MCM).

Set AMPH before setting the peripheral functions after a reset release. The value of
AMPH can be changed only once after a reset release. When the high-speed system
clock (X1 oscillation) is selected as the CPU clock, supply of the CPU clock is
stopped for 5.00 to 19.35 us after AMPH is set to 1. When the high-speed system
clock (external clock input) is selected as the CPU clock, supply of the CPU clock is
stopped for the duration of 160 external clocks after AMPH is set to 1.

If the STOP instruction is executed when AMPH = 1, supply of the CPU clock is
stopped for 5.00 to 19.35 us after the STOP mode is released when the internal high-
speed oscillation clock is selected as the CPU clock, or for the duration of 160
external clocks when the high-speed system clock (external clock input) is selected
as the CPU clock. When the high-speed system clock (X1 oscillation) is selected as
the CPU clock, the oscillation stabilization time is counted after the STOP mode is
released.

To change the value of EXCLK and OSCSEL, be sure to confirm that bit 7 (MSTOP) of
the main OSC control register (MOC) is 1 (the X1 oscillator stops or the external
clock from the EXCLK pin is disabled).

Be sure to clear bits 1 to 5to 0.

7. Do not set PLLON and AMPH to 1 at the same time.
8. AMPH can be set to 1 only once following a reset. When AMPH is 1, therefore, the

Remark fxu:

STOP mode current is not a low current. When using the PLL, set PLLON to O, enter
STOP mode, and then set PLLON to 1. By doing this, a low current consumption of
0.3 ¢A can be guaranteed.

High-speed system clock frequency
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(2) Processor clock control register (PCC)
This register is used to set the division ratio of the CPU clock,.
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PCC to 01H.

Figure 5-3. Format of Processor Clock Control Register (PCC)

Address: FFFBH  After reset: 01H R/W

Symbol 7 6 5 4 3 2 1 0
PCC 0 0 0 0 0 pPCC2 PCC1 PCCO
PCC2 PCC1 PCCO CPU clock (fcru) selection

0 0 0 fxp

0 0 1 fxp/2 (default)

0 1 0 fxp/2?

0 1 1 fxpl2®

1 0 0 fxp/2*

Other than above Setting prohibited

Cautions 1. Be sure to clear bits 3to 7 to 0.

2. The peripheral hardware clock (fers) is not divided when the division ratio of the PCC

is set.

Remark fxe: Main system clock oscillation frequency
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The fastest instruction can be executed in 2 clocks of the CPU clock in the 78K0/Fx2-L microcontrollers. Therefore,
the relationship between the CPU clock (fceru) 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 (fcpu)

Minimum Instruction Execution Time: 2/fcpu

Main System Clock (fxe)

High-Speed System Clock (fxx)"***

Internal High-Speed Oscillation Clock (fin)

Note 1

At 10 MHz At 20 MHz At 4 MHz (TYP.) At 20 MHz (TYP.)
Operation 2 Operation"**¢? Operation™”*®* Operation"**¢*®
fxp 0.2 us 0.1 us 0.5 us (TYP.) 0.1 us (TYP.)
fxp/2 0.4 us 0.2 us 1.0 us (TYP.) 0.2 us (TYP.)
fxpl2? 0.8 us 0.4 us 2.0 us (TYP.) 0.4 us (TYP.)
fxp/2 1.6 us 0.8 us 4.0 us (TYP.) 0.8 us (TYP.)
fxp/2° 3.2 us 1.6 us 8.0 us (TYP.) 1.6 us (TYP.)
Notes 1. The main clock mode register (MCM) is used to set the main system clock supplied to CPU clock (high-
speed system clock/internal high-speed oscillation clock) (refer to Figure 5-6).

2. When using clock-through mode (during fxr = fxi = 10 MHz operation)

3. When using PLL mode (during operation at fxp = fxi X5, fxn = 4 MHz)

4. When using clock-through mode (during fxe = fin = 4 MHz (TYP.) operation)

5.  When using PLL mode (during operation at fxp = finX5, fxp = fin = 4 MHz (TYP.))
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(3) Internal oscillation mode/PLL control register (RCM)
This register sets the operation mode of internal oscillator and controls the PLL function.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to gonMNre !,

Figure 5-4. Format of Internal Oscillation Mode/PLL control Register (RCM)

Address: FFAOH  After reset: 80H""®'  R/w"°'?

Symbol <7> 6 <5> <4> <3> 2 <1> <0>
RCM RSTS 0 PLLS PLLON SELPLL 0 LSRSTOP RSTOP

RSTS Status of internal high-speed oscillator
0 Waiting for accuracy stabilization of internal high-speed oscillator
1 Stability operating of internal high-speed oscillator

PLLS Status of PLL clock mode

0 Clock-through mode
1 PLL mode

PLLON Control of PLL operation™**®* % *
0 Stops PLL operation
1 Enables PLL operation

SELPLL PLL clock mode selection**®®
0 Clock-through mode
1 PLL mode

LSRSTOP Internal low-speed oscillator oscillating/stopped

0 Internal low-speed oscillator oscillating
1 Internal low-speed oscillator stopped

RSTOP Internal high-speed oscillator oscillating/stopped
0 Internal high-speed oscillator oscillating
1 Internal high-speed oscillator stopped

Notes 1. The value of this register is 00H immediately after a reset release but automatically changes to
80H after internal high-speed oscillator has been stabilized.

2. Bits 7 and 5 are read-only.
3. A 10 us wait occurs as an internal stabilization wait time after PLLON = 1 is set.
4. Only 4 MHz can be used for the PLL reference clock oscillation frequency.
5. The PLL clock mode is actually switched when the following time has elapsed after SELPLL
was set.
e SELPLL 0 — 1: One clock of the clock before the mode was switched to PLL clock mode
(MAX.)
e SELPLL 1 — 0: Three clocks of the clock before the mode was switched to PLL clock mode
(MAX.)
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Cautions 1.

2.

When setting RSTOP to 1, be sure to confirm that the CPU operates with a clock
other (MCS = 1) than the internal high-speed oscillation clock. Specifically, set
under either of the following conditions.

In addition, stop peripheral hardware that is operating on the internal high-speed
oscillation clock before setting RSTOP to 1.

Do not set PLLON and AMPH to 1 at the same time.

Remark The source clock supplied to the peripheral hardware differs depending on the SELPLL setting.

SELPLL Peripheral hardware
0 frrs = fxp
1 fers = 10 fxp x 1/2
(20 MHz: fxr = 4 MHz operation)

(4) Main OSC control register (MOC)
This register selects the operation mode of the high-speed system clock.

This register is used to stop the X1 oscillator or to disable an external clock input from the EXCLK pin when the CPU

operates with a clock other than the high-speed system clock.
MOC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 80H.

Address: FFA2H  After

Figure 5-5. Format of Main OSC Control Register (MOC)

reset: 80H R/W

Symbol <7> 6 5 4 3 2 1 0
MOC MSTOP 0 0 0 0 0 0 0
MSTOP Control of high-speed system clock operation
X1 oscillation mode External clock input mode
0 X1 oscillator operating External clock from EXCLK pin is enabled
1 X1 oscillator stopped External clock from EXCLK pin is disabled
Cautions 1. Clear MSTOP to 0 while the regulator mode control register (RMC) is O0H.

2.

When setting MSTOP to 1, be sure to confirm that the CPU operates with a clock
other (MCS = 0) than the high-speed system clock.

In addition, stop peripheral hardware that is operating on the high-speed system
clock before setting MSTOP to 1.

. Do not clear MSTOP to 0 while bit 6 (OSCSEL) of the clock operation mode select

register (OSCCTL) is O (input port mode).

. The peripheral hardware cannot operate when the peripheral hardware clock is

stopped. To resume the operation of the peripheral hardware after the peripheral
hardware clock has been stopped, initialize the peripheral hardware.
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(5) Main clock mode register (MCM)
This register selects the main system clock supplied to CPU clock and clock supplied to peripheral hardware clock.
MCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 5-6. Format of Main Clock Mode Register (MCM)

Address: FFALH After reset: 00H R/W"°*®

Symbol 7 6 5 4 3 <2> <1> <0>
MCM 0 0 0 0 0 XSEL MCS MCMO
XSEL MCMO Selection of clock supplied to main system clock and peripheral hardware
Main system clock (fxp) Peripheral hardware clock (fers)
0 0 Internal high-speed oscillation clock Internal high-speed oscillation clock
0 1 (fin) (fin)
1 0 High-speed system clock (fx+)
1 1 High-speed system clock (fx+)

MCS Main system clock status
0 Operates with internal high-speed oscillation clock
1 Operates with high-speed system clock

Note Bit 1 is read-only.

Cautions 1. XSEL can be changed only once after a reset release.
2. Setting XSEL and MCMO to 1 and O, respectively, is prohibited in PLL mode.
3. A clock other than fers is supplied to the following peripheral functions regardless of
the setting of XSEL and MCMO.
e Watchdog timer (operates with internal low-speed oscillation clock)
e When “frmx” is selected as the count clock for 16-bit timers X0 and X1 (operates
with TMX control clock)
e When “fi”, “fiL/2%, or “fi/2'™ is selected as the count clock for 8-bit timer H1
(operates with internal low-speed oscillation clock)
e Peripheral hardware selects the external clock as the clock source
(Except when the external count clock of TMOO is selected (TI000 pin valid edge))
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(6) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1 clock
oscillation starts with the internal high-speed oscillation clock used as the CPU clock, the X1 clock oscillation
stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by Iﬁinput, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of MOC
register) = 1 clear OSTC to O0H.

Figure 5-7. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: OOH R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16
MOST11 | MOST13 | MOST14 | MOST15 | MOST16 Oscillation stabilization time status
fx = 10 MHz fx = 20 MHz

1 0 0 0 0 2"/t min. | 204.8 us min. 102.4 us min.

1 1 0 0 0 2%/x min. |819.2 (S min. 409.6 us min.

1 1 1 0 0 2"/t min. | 1.64 ms min. 819.2 us min.

1 1 1 1 0 2%/fx min. | 3.27 ms min. 1.64 ms min.

1 1 1 1 1 2%/fx min. | 6.55 ms min. 3.27 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.

2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

e Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

3. 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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(7) 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 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 05H.

Figure 5-8. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  Afterreset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 0STS1 OSTS0
OSTS2 OSTS1 OSTSO0 Oscillation stabilization time selection

fx = 10 MHz fx = 20 MHz

0 0 1 2" 204.8 us 102.4 us

0 1 0 25x 819.2 us 409.6 us

0 1 1 2%1x 1.64 ms 819.2 us

1 0 0 2%x 3.27ms 1.64 ms

1 0 1 2"/ 6.55 ms 3.27ms

Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS before
executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

3. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

e Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. 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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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (clock-through mode: 2 to 20 MHz, PLL mode:
4 MHz) connected to the X1 and X2 pins.

An external clock can also be input. In this case, input the clock signal (clock-through mode: 2 to 20 MHz, PLL mode: 4
MHz) to the EXCLK pin.

Figure 5-9 shows an example of the external circuit of the X1 oscillator.

Figure 5-9. Example of External Circuit of X1 Oscillator

(a) Crystal or ceramic oscillation (b) External clock

frrammrens

X2

External clock —— | EXCLK

Cautions are listed on the next page.

Caution When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in Figure 5-9 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.

Figure 5-10 shows examples of incorrect resonator connection.

Figure 5-10. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line

PORT

Vss X1 Vss X1 X2

3 n

)
(
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Figure 5-10. 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)

Vo

Pmn

Vs X2

P I:l Ii r— Vs X2
L —_

W PDP
e

S
A . B TC
High current
7 alE

High current

(e) Signals are fetched

Vs X2

Vo
TN

[

e

5.4.2 Internal high-speed oscillator

The internal high-speed oscillator is incorporated in the 78K0/Fx2-L microcontrollers. Oscillation can be controlled by
the internal oscillation mode/PLL control register (RCM).

After a reset release, the internal high-speed oscillator automatically starts oscillation.
Internal high-speed oscillation clock frequency (4 MHz (TYP.)/8 MHz (TYP.)) can be set by the option byte.
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5.4.3 Internal low-speed oscillator

The internal low-speed oscillator is incorporated in the 78K0/Fx2-L microcontrollers.

The internal low-speed oscillation clock is only used as the watchdog timer and the clock of 8-bit timer H1. The internal
low-speed oscillation clock cannot be used as the CPU clock.

“Can be stopped by software” or “Cannot be stopped” can be selected by the option byte. When “Can be stopped by
software” is set, oscillation can be controlled by the internal oscillation mode/PLL control register (RCM).

After a reset release, the internal low-speed oscillator automatically starts oscillation, and the watchdog timer is driven
(30 kHz (TYP.)) if the watchdog timer operation is enabled using the option byte.

5.4.4 Prescaler
The prescaler generates the clock to be supplied to the CPU by dividing the main system clock.

5.4.5 PLL (Phase Locked Loop)
The PLL can be used to multiply the internal high-speed oscillation clock or high-speed system clock.
Set as follows to use or stop the PLL.

(&) When using PLL
e The PLL is set to be stopped (PLLON = 0) after reset is released. After reset is released, check the oscillation
stability of the clock to be multiplied and then set the PLL to operate (PLLON = 1)N°te. After the PLL starts
operating, check that the PLL operation stabilization time (90 us) has elapsed in clock-through mode (SELPLL
= 0) and then change the mode to PLL mode (SELPLL = 1).

« To shift to STOP mode, execute the STOP instruction after making sure that the mode has been changed to
clock-through mode (SELPLL = 0) and the PLL has been stopped (PLLON = 0). To return from STOP mode,
start operating the PLL (PLLON = 1), check that the PLL operation stabilization time (90 us) has elapsed, and
then change the mode to PLL mode (SELPLL = 1).

(b) When stopping PLL
« Stop the PLL (PLLON = 0) after making sure that the mode has been switched to clock-through mode (SELPLL
= 0). Do not simultaneously write 0 to the SELPLL and PLLON bits by using an 8-bit memory manipulation
instruction.

Note X1 clock: Use the oscillation stabilization time counter status register (OSTC) to check the
oscillation stabilization time.
Internal high-speed oscillator: Use bit 7 (RSTS) of the internal oscillation mode/PLL control register (RCM) to
check the accuracy of the oscillation stabilization operation.

Cautions 1. Only 4 MHz can be used for the PLL reference clock oscillation frequency.
2. Do not set PLLON and AMPH to 1 at the same time.

Remarks 1. A 10 us wait occurs as an internal stabilization wait time after PLLON =1 is set.
2. SELPLL: Bit 3 of the internal oscillation mode/PLL control register (RCM)
PLLON: Bit4 of RCM

RO1UHO068EJ0203 Rev.2.03 R NS 142
Jun 29, 2012 ENES



78K0/Fx2-L

CHAPTER 5 CLOCK GENERATOR

Here is an example when using PLL (flow chart).

Figure 5-11. Setting Example When Using PLL (Flow Chart)
(When Multiplying Internal High-Speed Oscillation Clock)

Reset release

No

RSTS =17

PLLON«1

Not elapsed

stabilization time

Has PLL operation

(90 us) elapsed?

Elapsed

SELPLL«1Note

Sets the MCM and
PCC registers

Operation by multiplied clock of PLL

Waits for the accuracy of the internal

high-speed oscillation to stabilize.

: Starts to operate the PLL.
(Clock-through mode)

: Set to the PLL mode

Note After starting to operate the PLL, check that the PLL operation stabilization time (90 us) has elapsed and then

set to PLL mode (SELPLL = 1).

Remark A 10 us wait occurs as an internal stabilization wait time after PLLON = 1 is set.
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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 (refer to Figure 5-1).

e Main system clock fxe
e High-speed system clock fxH
X1 clock fx
External main system clock fexcix
¢ Internal high-speed oscillation clock fiH
e Internal low-speed oscillation clock fi.
e CPU clock fcpu
e Peripheral hardware clock frrs

The CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the 78K0/Fx2-
L microcontrollers, thus enabling the following.

(1) 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. Consequently, the system can be safely shut down by performing a
minimum operation, such as acknowledging a reset source by software or performing safety processing when there
is a malfunction.

(2) 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 Figures 5-12 and 5-13.
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Figure 5-12. Clock Generator Operation When Power Supply Voltage Is Turned On
(When LVI Default Start Function Stopped Is Set (Option Byte: LVISTART = 0))

Power supply
voltage (Vob)

oV

Internal reset signal <1>

! <3> Waiting for

1 voltage stabilization . Switched by
' (0.93t03.7ms) . T Reset processing (12 to 51 us) g software

CPU clock énternal high-speed oscillation clock>< High-speed system clock

3<2>

Internal high-speed :
oscillation clock (fin) '
Waiting for oscillation

High-speed accuracy stabilization <4>
system clock (fxH) (102 to 407 ps)"o'e?

(when X1 oscillation
selected) ' X1 clock
oscillation stabilization time:
28/fx to 218/fxNote 2

Starting X1 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 1.61 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 clock via software (refer to (1) in 5.6.1 Example of controlling high-speed
system clock).

<5> When switching the CPU clock to the X1 clock, wait for the clock oscillation to stabilize, and then set switching via
software (refer to (3) in 5.6.1 Example of controlling high-speed system 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).

Cautions 1. If the rise of the voltage to reach 1.8 V after turning on the power is more gradual than 0.5 V/ims
(MIN.), perform one of the following operations.

e Input alow level to the RESET pin until 1.8 V is reached after turning on the power.
e Set the LVI default start function to operate (LVISTART = 1) using the option byte.
When a low level has been input to the RESET pin until the voltage reaches 1.8 V, the CPU
operates with the same timing as <2> and thereafter in Figure 5-12, after the reset has been
released by the RESET pin.

2. It is not necessary to wait for the oscillation stabilization time when an external clock input from
the EXCLK pins is used.
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Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via software

Power supply
voltage (Vop)

Internal reset signal ~ <1> |

settings. The internal high-speed oscillation clock and high-speed system clock can be stopped by
executing the STOP instruction (refer to (4) in 5.6.1 Example of controlling high-speed system clock,
and (3) in 5.6.2 Example of controlling internal high-speed oscillation clock).

Figure 5-13. Clock Generator Operation When Power Supply Voltage Is Turned On
(When LVI Default Start Function Enabled Is Set (Option Byte: LVISTART = 1))

1.91V (TYP.)

oV

1<3> Reset processing (12 to 51 ps)

i 3 . Switched by
i software

; 3 <6>

CPU clock < Int(;esrgﬁgrgig:;slggﬁd X High-speed system clock

<2>

Internal high-speed
oscillation clock (fir) |

Waiting for oscillation - ‘

High-speed accuracy stabilization <>
system clock (fx+) (102 to 407 us)

(when X1 oscillation

<1>

<2>

<3>

<4>

<5>

selected) ' X1 clock '
' oscillation stabilization time: '
/ 28/fx to 218/fxNete
Starting X1 oscillation
is set by software.

When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.

When the power supply voltage exceeds 1.91 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 clock via software (refer to (1) in 5.6.1 Example of controlling high-speed
system clock).

When switching the CPU clock to the X1 clock, wait for the clock oscillation to stabilize, and then set switching via
software (refer to (3) in 5.6.1 Example of controlling high-speed system clock).

Note 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. A voltage oscillation stabilization time (0.93 to 3.7 ms) is required after the supply voltage
reaches 1.61 V (TYP.). If the supply voltage rises from 1.61 V (TYP.) to 1.91 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 pins 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 (refer to (4) in 5.6.1 Example of controlling high-speed system clock, and (3) in
5.6.2 Example of controlling internal high-speed oscillation clock).

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.
* X1 clock: Crystal/ceramic resonator is connected across the X1 and X2 pins.
» 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 clock and peripheral hardware clock
(4) When stopping high-speed system clock

Remark See 5.4.5PLL (phase locked loop) when using the PLL.
(1) Example of setting procedure when oscillating the X1 clock

<1> Setting P121/X1 and P122/X2/EXCLK pins and selecting X1 clock or external clock (OSCCTL register)
When EXCLK is cleared to 0 and OSCSEL is set to 1, the mode is switched from port mode to X1 oscillation

mode.
EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin
0 1 X1 oscillation mode Crystal/ceramic resonator connection

<2> Controlling oscillation of X1 clock (MOC register)
If MSTOP 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. Do not change the value of EXCLK and OSCSEL while the X1 clock is operating.
2. Set the X1 clock after the supply voltage has reached the operable voltage of the clock to be
used (refer to CHAPTER 27 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS) and
CHAPTER 28 ELECTRICAL SPECIFICATIONS ((A2) 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 and selecting operation mode (OSCCTL register)
When EXCLK and OSCSEL are set to 1, the mode is switched from port mode to external clock input mode.

EXCLK OSCSEL Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin

1 1 External clock input mode | Input port External clock input

<2> Controlling external main system clock input (MOC register)
When MSTORP is cleared to 0, the input of the external main system clock is enabled.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the external main system clock is
operating.
2. Set the external main system clock after the supply voltage has reached the operable voltage
of the clock to be used (refer to CHAPTER 27 ELECTRICAL SPECIFICATIONS ((A) GRADE
PRODUCTS) and CHAPTER 28 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTYS)).

(3) Example of setting procedure when using high-speed system clock as CPU clock and peripheral hardware
clock
<1> Setting high-speed system clock oscillation"°*

(Refer to 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 main system clock (MCM register)

When XSEL and MCMO are set to 1, the high-speed system clock is supplied as the main system clock and
peripheral hardware clock.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (fers)
1 1 High-speed system clock (fxn) High-speed system clock (fx+)

Caution If the high-speed system clock is selected as the main system clock, a clock other than the
high-speed system clock cannot be set as the peripheral hardware clock.

<3> Selecting the CPU clock division ratio (PCC register)
To select the CPU clock division ratio, use PCCO0, PCC1, and PCC2.

PCC2 PCC1 PCCO CPU Clock (fcru) Selection

0 0 0 fxp

0 0 1 fxp/2 (default)
0 1 0 fxel2

0 1 1 fxp/2°

1 0 0 fxel2"

Other than above Setting prohibited
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(4) Example of setting procedure when stopping the high-speed system clock

The high-speed system clock can be stopped in the following two ways.
e Executing the STOP instruction and stopping the X1 oscillation (disabling clock input if the external clock is used)
e Setting MSTOP to 1 and stopping the X1 oscillation (disabling clock input if the external clock is used)

(@) To execute a STOP instruction

(b)

<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, refer to CHAPTER 18 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after standby release
When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed.

<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).

To stop X1 oscillation (disabling external clock input) by setting MSTOP to 1

<1> Confirming the CPU clock status (MCM registers)
Confirm with MCS that the CPU is operating on the internal high-speed oscillation clock.
When MCS = 1, the high-speed system clock is supplied to the CPU, so change the CPU clock to the
internal high-speed oscillation clock.

<2> Stopping the high-speed system clock (MOC register)
When MSTORP is set to 1, X1 oscillation is stopped (the input of the external clock is disabled).

Caution Be sure to confirm that MCS = 0 when setting MSTOP to 1. In addition, stop peripheral
hardware that is operating on the high-speed system clock.
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5.6.2 Example of controlling internal high-speed oscillation clock

The following describes examples of clock setting procedures for the

following cases.

(1) When restarting oscillation of the internal high-speed oscillation clock

(2) When using internal high-speed oscillation clock as CPU clock,
speed system clock as peripheral hardware clock
(3) When stopping the internal high-speed oscillation clock

Remark See 5.4.5PLL (phase locked loop) when using the PLL.

(1) Example of setting procedure when restarting oscillation of the internal high-speed oscillation clock

<1> Setting restart of oscillation of the internal high-speed oscill
When RSTORP is cleared to 0, the internal high-speed oscill

<2> Waiting for the oscillation accuracy stabilization time of inte
Wait until RSTS is set to 1V 2,

and internal high-speed oscillation clock or high-

Note 1

ation clock (RCM register)
ation clock starts operating.

rnal high-speed oscillation clock (RCM register)

Notes 1. After a reset release, the internal high-speed oscillator automatically starts oscillating and the internal

high-speed oscillation clock is selected as the CPU clock.

2. This wait time is not necessary if high accuracy is
hardware clock.

(2) Example of setting procedure when using internal high-spe

not necessary for the CPU clock and peripheral

ed oscillation clock as CPU clock, and internal

high-speed oscillation clock or high-speed system clock as peripheral hardware clock

<1> e Restarting oscillation of the internal high-speed oscillation clock™'®

(Refer to 5.6.2 (1) Example of setting procedure when restarting oscillation of the internal high-

speed oscillation clock).
« Oscillating the high-speed system clock™°'®

(This setting is required when using the high-speed system clock as the peripheral hardware clock. Refer

to 5.6.1 (1) Example of setting procedure when osc

illating 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 the internal high-speed oscillation clock or high-speed

system clock is already operating.

<2> Selecting the clock supplied as the main system clock and peripheral hardware clock (MCM register)

Set the main system clock and peripheral hardware clock u

sing XSEL and MCMO.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxe) Peripheral Hardware Clock (fers)
0 0 Internal high-speed oscillation clock | Internal high-speed oscillation clock
0 1 (fin) (fin)
1 0 High-speed system clock (fxn)
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<3> Selecting the CPU clock division ratio (PCC register)
To select the CPU clock division ratio, use PCCO, PCC1, and PCC2.

PCC2 PCC1 PCCO CPU Clock (fcru) Selection
0 0 0 fxp
0 0 1 fxe/2 (default)
0 1 0 fxp/2®
0 1 1 fxpl2®
1 0 0 fxpl2*
Other than above Setting prohibited

(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.
e Executing the STOP instruction to set the STOP mode
¢ Setting RSTOP to 1 and stopping the internal high-speed oscillation clock

(@) To execute a STOP instruction

<1>

<2>

<3>

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, refer to CHAPTER 18 STANDBY FUNCTION).

Setting the X1 clock oscillation stabilization time after standby release

When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed. To operate the CPU immediately after the STOP mode has been released, set
MCMO to 0, switch the CPU clock to the internal high-speed oscillation clock, and check that RSTS is 1.

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 RSTOP to 1

<1>

<2>

Confirming the CPU clock status (MCM registers)

Confirm with MCS that the CPU is operating on the high-speed system clock.

When MCS = 0, the internal high-speed oscillation clock is supplied to the CPU, so change the CPU
clock to the high-speed system clock.

Stopping the internal high-speed oscillation clock (RCM register)
When RSTORP is set to 1, internal high-speed oscillation clock is stopped.

Caution Be sure to confirm that MCS = 1 when setting RSTOP to 1. In addition, stop peripheral

hardware that is operating on the internal high-speed oscillation clock.
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5.6.3 Example of controlling internal low-speed oscillation clock
The internal low-speed oscillation clock cannot be used as the CPU clock.
Only the following peripheral hardware can operate with this clock.
o Watchdog timer
o 8-bit timer H1 (if fi is selected as the count clock)

In addition, the following operation modes can be selected by the option byte.
« Internal low-speed oscillator cannot be stopped
 Internal low-speed oscillator can be stopped by software

The internal low-speed oscillator automatically starts oscillation after a reset release, and the watchdog timer is driven
(30 kHz (TYP.)) if the watchdog timer operation has been enabled by the option byte.

(1) Example of setting procedure when stopping the internal low-speed oscillation clock
<1> Setting LSRSTOP to 1 (RCM register)
When LSRSTOP is set to 1, the internal low-speed oscillation clock is stopped.

(2) Example of setting procedure when restarting oscillation of the internal low-speed oscillation clock
<1> Clearing LSRSTOP to 0 (RCM register)
When LSRSTOP is cleared to 0, the internal low-speed oscillation clock is restarted.

Caution If “Internal low-speed oscillator cannot be stopped” is selected by the option byte, oscillation of the
internal low-speed oscillation clock cannot be controlled.
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5.6.4 CPU clock status transition diagram
Figure 5-14 shows the CPU clock status transition diagram of this product.

Figure 5-14. CPU Clock Status Transition Diagram (When LVI Default Start Mode Function Stopped Is Set
(Option Byte: LVISTART = 0))
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©)
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Cautions 1.
2.
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(PLL mode)— HALT
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EXCLK input
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r
y
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©
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PLL: Operating
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Voo < 1.61 V (TYP.)

Voo = 1.61 V (TYP.)

Internal low-speed oscillation: Operating

Internal high-speed oscillation: Operating

X1 oscillation/EXCLK input: Stops (input port mode)
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(H)

CPU: Operating
with Internal high-
speed oscillation
— HALT

Internal low-speed oscillation:
Operable
Internal high-speed oscillation:
Operating
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X1 oscillation/EXCLK input: Operable

)
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with Internal high-
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Internal high-speed oscillation:
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Internal low-speed oscillation: Operable
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— STOP X1 oscillation/EXCLK input: Stops
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\fl)
CPU: Operating
with X1 oscillation Internal low-speed oscillation
JEXCLK input Operable
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A A A

(K)

X1 oscillation/EXCLK input:Operating

CPU: Operating

Internal low-speed oscillation: Operable
Internal high-speed oscillation: Operable
X1 oscillation/EXCLK input: Operating
PLL: Operating

with X1 oscillation
JEXCLK input
— STOP

Internal low-speed oscillation:
Operable

X1 oscillation/EXCLK input: Stops
PLL: Stops

Internal high-speed oscillation:Stops

Be sure to stop the operation of the PLL before shifting to STOP mode.
When transitioning to the STOP mode, it is possible to achieve low power consumption by

setting RMC = 56H.

Be sure to stop the operation of the PLL when switching the main system clock.
Only 4 MHz can be used for the PLL reference clock oscillation frequency.

Remark When LVI default start function enabled is set (option byte: LVISTART = 1), the CPU clock status changes to
(A) in the above figure when the supply voltage exceeds 1.91 V (TYP.), and to (B) after reset processing.
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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 (1/3)

(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 (B) immediately after a reset release.)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register EXCLK OSCSEL MSTOP OSTC XSEL MCMO
Status Transition Register
(A) — (B) = (C) (X1 clock) 0 1 0 Must be 1 1
checked
(A) = (B) — (C) (external main system clock) 1 1 0 Must not be 1 1
checked

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (refer to
CHAPTER 27 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS) and CHAPTER 28
ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS)).

(3) CPU clock changing from internal high-speed oscillation clock (B) to high-speed system clock (C)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register | EXCLK OSCSEL MSTOP OSTC XSEL® MCMO
Status Transition Register
(B) — (C) (X1 clock) 0 1 0 Must be 1 1
checked
(B) — (C) (external main system clock) 1 1 0 Must not be 1 1
checked
N N

Unnecessary if these  Unnecessary if the CPU is
registers are already set  operating with the high-
speed system clock

Note The value of this flag can be changed only once after a reset release. This setting is not necessary if it has already
been set.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (refer to
CHAPTER 27 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS) and CHAPTER 28
ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS)).

Remarks 1. (A)to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-14.
2. EXCLK, OSCSEL: Bits 7 and 6 of the clock operation mode select register (OSCCTL)

MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO: Bits 2 and 0 of the main clock mode register (MCM)
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (2/3)

(4) CPU clock changing from high-speed system clock (C) to internal high-speed oscillation clock (B)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register RSTOP RSTS MCMO

Status Transition

©) - (B 0

Confirm this flag is 1. 0

Unnecessary if the CPU is operating
with the internal high-speed oscillation clock

(5) CPU clock changing from internal high-speed oscillation clock (B) to internal high-speed oscillation clock
(PLL mode) (D)
CPU clock changing from high-speed system clock (C) to high-speed system clock (PLL mode) (E)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register SELPLL PLLON Waiting for SELPLL

Status Transition Oscillation

Stabilization
(B) — (D) 0 1 Necessary 1
(C) = (B) (90 us)

N J
Y

Unnecessary if
these registers
are already set

Unnecessary if the CPU is operating
with the PLL

(6) CPU clock changing from internal high-speed oscillation clock (PLL mode) (D) to internal high-speed
oscillation clock (B)
CPU clock changing from high-speed system clock (PLL mode) (E) to high-speed system clock (C)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register SELPLL PLLON

Status Transition

(D) - (B) 0 0
B -©

Remarks 1. (A) to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-14.
2. A 10 us wait occurs as an internal stabilization wait time after PLLON = 1 is set.
3. RSTS, PLLON, SELPLL, RSTOP: Bits 7,4 ,3, and 0 of the internal oscillation mode register (RCM)
MCMO: Bit 0 of the main clock mode register (MCM)
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (3/3)

(7) e HALT mode (H) set while CPU is operating with internal high-speed oscillation clock (B)
¢ HALT mode () set while CPU is operating with high-speed system clock (C)
¢ HALT mode (F) set while CPU is operating with internal high-speed oscillation clock (PLL mode) (D)
e HALT mode (G) set while CPU is operating with high-speed system clock (PLL mode) (E)

Status Transition

Setting

(B) = (H)
© -0

(D) - (F)
(E) > (G)

Executing HALT instruction

(8) e STOP mode (J) set while CPU is operating with internal high-speed oscillation clock (B)
e STOP mode (K) set while CPU is operating with high-speed system clock (C)

(Setting sequence)

v

Status Transition

Setting

B)— )
©) =K

Stopping peripheral functions that

cannot operate in STOP mode

Executing STOP instruction

Caution When transitioning to the STOP mode, it is possible to achieve low power consumption by setting

RMC = 56H.

Remark (A) to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-14.

5.6.5 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

CPU Clock

Before Change After Change

Condition Before Change

Processing After Change

Internal high-speed X1 clock

oscillation clock

Stabilization of X1 oscillation

e MSTOP =0, OSCSEL =1, EXCLK =0

o After elapse of oscillation stabilization
time

Internal high-speed oscillator can be
stopped (RSTOP = 1).

External main
system clock

Enabling input of external clock from
EXCLK pin
¢ MSTOP =0, OSCSEL =1, EXCLK =1

Internal high-speed oscillator can be
stopped (RSTOP = 1).

X1 clock Internal high-
External main system speed oscillation
clock

clock

Oscillation of internal high-speed oscillator
¢ RSTOP =0

X1 oscillation can be stopped (MSTOP = 1).

External main system clock input can be
disabled (MSTOP = 1).
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5.6.6 Time required for switchover of CPU clock and main system clock

By setting bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC), the division ratio of the main
system clock can be changed.

The actual switchover operation is not performed immediately after rewriting to PCC; operation continues on the pre-
switchover clock for several clocks (refer to Table 5-6).

Table 5-6. Time Required for Switchover of CPU Clock and Main System Clock Cycle Division Factor

Set Value Before Set Value After Switchover
Switchover
PCC2 | PCCL | PCCO | PCC2 | PCCL | PCCO | Pcc2 | Pccl | PCco | Pcc2 | Pccl | PCco | Pcc2 | Pcc | Pcco | PCc2 | PCcl | Pcco
0 0 0 0 0 1 0 1 0 0 1 1 1 0 0

0 0 0 16 clocks 16 clocks 16 clocks 16 clocks

0 0 1 8 clocks 8 clocks 8 clocks 8 clocks

0 1 0 4 clocks 4 clocks 4 clocks 4 clocks

0 1 1 2 clocks 2 clocks 2 clocks 2 clocks

1 0 0 1 clock 1 clock 1 clock 1 clock

Remark The number of clocks listed in Table 5-6 is the number of CPU clocks before switchover.

By setting bit 0 (MCMO) of the main clock mode register (MCM), the main system clock can be switched (between the
internal high-speed oscillation clock and the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to MCMO; operation continues on the pre-
switchover clock for several clocks (refer to Table 5-7).

Whether the CPU is operating on the internal high-speed oscillation clock or the high-speed system clock can be
ascertained using bit 1 (MCS) of MCM.

Caution Be sure to stop the operation of the PLL when switching the main system clock.

Table 5-7. Maximum Time Required for Main System Clock Switchover

Set Value Before Switchover Set Value After Switchover
MCMO MCMO
0 1
0 1 + 2fn/fxn clock
1 1 + 2fxu/fin clock

Caution When switching the internal high-speed oscillation clock to the high-speed system clock, bit 2
(XSEL) of MCM must be set to 1 in advance. The value of XSEL can be changed only once after a
reset release.

Remarks 1. The number of clocks listed in Table 5-7 is the number of main system clocks before switchover.
2. Calculate the number of clocks in Table 5-7 by removing the decimal portion.

Example When switching the main system clock from the internal high-speed oscillation clock to the high-speed
system clock (@ oscillation with fin = 4 MHz, fxv = 10 MHz)
1+ 2fmfmn=1+2x4/10=1+2%x04=1+0.8=1.8 — 1 clock
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5.6.7 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.

Table 5-8. Conditions Before 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 =1 RSTOP =1
oscillation clock (The CPU is operating on the high-speed system clock)
X1 clock MCS =0 MSTOP =1
External main system clock (The CPU is operating on the internal high-speed oscillation clock)

5.6.8 Peripheral hardware and source clocks
The following lists peripheral hardware and source clocks incorporated in the 78K0/Fx2-L microcontrollers.

Remark The peripheral hardware depends on the product. Refer to 1.4 Block Diagram and 1.5 Outline of

Functions.
Table 5-9. Peripheral Hardware and Source Clocks
Source Clock Peripheral Hardware Clock Internal Low-Speed External Clock from

Peripheral Hardware (fers) Oscillation Clock (fiL) Peripheral Hardware Pins
16-bit timers X0 and X1 Y N N
16-bit timer/event counter 00 Y N Y (TI000 pin)™°*®
8-bit timer/event counter 51 Y N Y (TI51 pin)M*®
8-bit timer H1 Y Y N
Watchdog timer N Y N
A/D converter Y N N
Serial interface UART6 Y N N

csli1 Y N Y (SCK11 pin)™°*

lICA \% N Y (SCLAO pin)™°*®

Note Do not start the peripheral hardware operation with the external clock from peripheral hardware pins when in
the STOP mode.

Remark Y: Can be selected, N: Cannot be selected
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CHAPTER 6 16-BIT TIMERS X0 AND X1

78KO/FY2-L 78K0/FA2-L ‘ 78KO0/FB2-L

16-bit timer X0 Note Mounted

16-bit timer X1 Not mounted ‘ Mounted

Note Only the interval timer function is provided.
6.1 Functions of 16-bit Timers X0 and X1

16-bit timers X0 and X1 are mounted onto all 78K0/Fx2-L microcontroller products.

16-hit timers X0 and X1 are dedicated PWM output timers and have two outputs each, enabling the generation of up to
four PWM outputs. Complementary PWM output can also be generated to control a half-bridge circuit (2 outputs) or full-
bridge circuit (4 outputs). Also, by linking with a comparator or INTPO, PFC control and PWM output can be stopped
urgently.

16-bit timer X0 is provided with the following functions.

(1) Interval timer
16-bit timers X0 and X1 generate an interrupt request at the preset time interval.

(2) A/D conversion start timing signal output
The A/D conversion start timing signal can be output by using a compare register (TXnCCRO register).

Remark n=0 :78K0/FY2-L, 78KO/FA2-L
n=0,1:78K0/FB2-L

(3) Capture function
This function captures the count value to the capture register by detecting a comparator output or an external interrupt
input (INPTO).

(4) PWM output™*
¢ A variable pulse with any duty or cycle can be output while the timer is operating.
* The default timer output level (high or low level) can be set.
Note 78KO0/FA2-L and 78K0/FB2-L only.

Note

(5) Timer start synchronization function
Up to 4 PWM outputs can be simultaneously started by combining two timer units (16-bit timers X0 and X1).

Note 78KO/FB2-L only.

(6) Timer start/clear synchronization function™
Up to 4 PWM output cycles can be synchronized by combining two timer units (16-bit timers X0 and X1).

Note 78KO/FB2-L only.
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(7) Timer output gating function (by interlocking with 8-bit timer H1)"*
Timer output can be gate-controlled by using the output of 8-bit timer H1 (the TOH1 output).

Note 78KO0/FA2-L and 78K0/FB2-L only.

(8) Timer reset mode (comparator, INTPO interlocking mode 1)"*
Timer output can be reset and the timer counter cleared while the comparator 0 to 2 outputs or the INTPO input is high
level. When the comparator 0 to 2 outputs or the INTPO input go to low level, timer output restarts.

Note 78KO0/FA2-L and 78K0/FB2-L only.

(9) Timer restart mode (comparator, INTPO interlocking mode 2)"*
Timer can be restarted upon detection of the rising edge of the comparator 0 to 2 outputs or the INTPO input.

Note 78KO0/FA2-L and 78KO0/FB2-L only.
(10) Timer output reset mode (comparator, INTPO interlocking mode 3)"°*
Timer output can be reset upon detection of the rising edge of the comparator 0 to 2 outputs or the INTPO input. The
reset status is cleared when the next timer interrupt occurs and timer output restarts.
Note 78KO0/FA2-L and 78K0/FB2-L only.
(11) High-impedance output control function (by interlocking with comparator and INTPO)"*®
Timer output can be made high impedance upon detection of the valid edge of the comparator O to 2 outputs or the

INTPO input.

Note 78KO0/FA2-L and 78K0/FB2-L only.
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6.2 Configuration of 16-bit Timers X0 and X1
16-hit timers X0 and X1 include the following hardware.
Table 6-1. Configuration of 16-bit Timers X0 and X1
(1) 16-bit timer X0
Iltem Configuration
Timer/counter 16-bit timer counter X0
Register 16-bit timer X0 capture/compare register 0 (TXOCCRO)
16-bit timer X0 compare registers 0 to 3 (TXOCRO to TXOCR3)
Timer output TOX00M"®, TOX01"**
Control registers 16-bit timer X0 operation control registers 0 to 3 (TXOCTLO to TXOCTL3)
16-bit timer X0 operation control register 4 (TXOCTL4) "
16-bit timer X0 output control register 0 (TX0IOCO)"**®
Port mode register 3 (PM3)
Port register 3 (P3)
Note 78KO0/FA2-L and 78K0/FB2-L only
(2) 16-bit timer X1 (78K0/FB2-L only)
Item Configuration
Timer/counter 16-bit timer counter X1
Register 16-bit timer X1 capture/compare register 0 (TX1CCRO)
16-bit timer X1 compare registers 0 to 3 (TX1CRO to TX1CR3)
Timer output TOX10, TOX11
Control registers 16-bit timer X1 operation control registers 0 to 2, 4 (TX1CTLO to TX1CTL2, TX1CTL4)
16-bit timer X1 output control register 0 (TX110CO0)
Port mode register 3 (PM3)
Port register 3 (P3)
Figures 6-1 to 6-3 show the block diagrams.
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Figure 6-1. Block Diagram of 16-bit Timer X0
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Figure 6-2. Block Diagram of 16-bit Timer X1
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Note For details, see Figure 6-44 Block Diagram of 16-bit Timer X1 Output Configuration.
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frrs —w|
frrs/2 — =
fers/4 — -
frrs/8 —
frrs/16 —
fPrs/32 —
frrs/64 —
frrs/128 — =

Selector

Synchronous
mode

frrs —
frrs/2 ——
fers/4 ——1
frrs/8 ——1
frrs/16 —
frrs/32 —
frrs/64 —1
frrs/128 —

Selector

Selector

Figure 6-3. Block Diagram of 16-bit Timers X0 and X1
(TMX0 and TMX1 Synchronous Start/Clear Mode, TMX0 and TMX1 Synchronous Start Mode)

(from TMH1)

¢ Internal bus g
16-bit timer X0 capture/ A
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compare buffer |
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I
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Note For details, see Figure 6-45 Block Diagram of 16-bit Timers X0 and X1 Output Configuration.
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(1) 16-bit timer Xn capture/compare register 0 (TXnCCRO)
This is a 16-bit register that can switch between being used for the capture function and the compare function.
TXNnCTL2 is used to switch between the capture function and compare function.
This register can be read or written in 16-bit units.

Reset signal generation clears this register to 0000H.

Figure 6-4. Format of 16-bit Timer Xn Capture/Compare Register 0 (TXnCCRO)

Address: FF92H, FF93H (TXOCCRO), FFB6H, FFB7H (TXICCRO)  After reset: 0000H  R/W
FF93H (TXOCCRO), FFB7H (TX1CCRO) FF92H (TXOCCRO), FFB6H (TX1CCRO)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
acero| [ | | L [ [ 0 [ [ [ [ [ |

Remark n=0 :78KO/FY2-L, 78KO/FA2-L
n=0,1:78K0/FB2-L

(i) Using TXnCCRO as a compare register
TXNCCRO can be refreshed (writing the same value) and its value can be rewritten while the timer is counting
(TXnTMC = 1). When the value of TXnCCRO is rewritten while the timer is operating, that value is latched,
transferred to TXnCCRO at the following timing, and the value of TXnCCRO is changed.
e The counter value and TXnCR1 setting value match (TXnPWM = 0)
e The counter value and TXnCR3 setting value match (TXnPWM = 1)
In interlocking mode 2, the latched value is transferred to TXnCCRO and the value of TXnCCRO is changed at the
timing of the comparator output by setting the TXOCMPLDSET1 and TXOCMPLDSETO bits.
(if) Using TXnCCRO as a capture register
The count value is captured to TXnCCRO by inputting a capture trigger.
Caution When reading TXnCCRO continuously, wait for at least 3 clock cycles of the 16-bit timer Xn
count clock between reads.
Remark n=0 :78KO/FY2-L, 78KO/FA2-L
n=0,1:78K0/FB2-L
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(2) 16-bit timer Xn compare register m (TXnCRm)
TXnCRm can be refreshed (writing the same value) and its value can be rewritten while the timer is counting
(TXnTMC = 1). When the value of TXnCRm is rewritten while the timer is operating, that value is latched, transferred
to TXnCRm at the following timing, and the value of TXnCRm is changed.

e The counter value and TXnCR1 setting value match (TXnPWM = 0)
e The counter value and TXnCR3 setting value match (TXnPWM = 1)

In interlocking mode 2, the latched value is transferred to TXnCRm and the value of TXnCRm is changed at the timing
of the comparator output by setting the TXOCMPLDSET1 and TXOCMPLDSETO bits.

This register can be read or written in 16-bit units.

Reset signal generation clears this register to 0000H.

Remark n=0 :78KO/FY2-L, 78KO/FA2-L
n=0,1:78K0/FB2-L

Figure 6-5. Format of 16-bit Timer Xn Compare Register m (TXnCRm)

Address: FF84H, FF85H (TX0CRO), FF86H, FF87H (TX0CR1), FF8AH, FF8BH (TX0CR2), FF90H, FF91H (TX0CR3),
FFI9CH, FF9DH (TX1CRO0), FFBOH, FFB1H (TX1CR1), FFB2H, FFB3H (TX1CR2), FFB4H, FFB5H (TX1CR3)
After reset: 0000H R/W

FF85H (TXOCRO), FF87H (TXOCR1), FF84H (TXOCRO), FF86H (TXOCR1),
FF8BH (TXOCR2), FF91H (TXOCR3), FFSAH (TXOCR2), FF90H (TXOCR3),
FFODH (TX1CRO), FFB1H (TX1CR1), FFICH (TX1CRO), FFBOH (TX1CR1),
FFB3H (TX1CR2), FFB5H (TX1CR3), FFB2H (TX1CR2), FFB4H (TX1CR3),

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
e N O R

Remark m=0to 3 : 78KO/FY2-L, 78K0/FA2-L, 78K0/FB2-L

n=0 : 78KO/FY2-L, 78K0/FA2-L
n=0,1 : 78K0/FB2-L
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6.3 Registers Controlling 16-bit Timers X0 and X1
Registers used to control 16-bit timers X0 and X1 are shown below.

e 16-bit timer X0
* 16-bit timer X0 operation control registers 0 to 3 (TXOCTLO to TXOCTL3)
« 16-bit timer X0 operation control register 4 (TXOCTL4)"**®
« 16-bit timer X0 output control register 0 (TX0IOCO0)"*'®
¢ Port mode register 3 (PM3)
o Port register 3 (P3)

Note 78KO/FA2-L and 78KO0/FB2-L only

e 16-bit timer X1 (78K0/FB2-L only)
* 16-bit timer X1 operation control registers 0 to 2, 4 (TX1CTLO to TX1CTL2, TX1CTL4)
¢ 16-bit timer X1 output control register 0 (TX110CO0)
e Port mode register 3 (PM3)
¢ Port register 3 (P3)
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(1) 16-bit timer Xn operation control register 0 (TXnCTLO)
TXnCTLO is a register that controls the count operation and sets the count clock of 16-bit timer Xn.
TXNnCTLO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TXnCTLO to OOH.

Remark n=0 :78KO/FY2-L, 78KO/FA2-L
n=0,1:78K0/FB2-L

Figure 6-6. Format of 16-bit Timer X0 Operation Control Register 0 (TXOCTLDO)

Address: FF7EH After reset: 00H R/W

Symbol <7> 6 5 4 3 <2> <1> <0>
TXOCTLO TX0TMC 0 0 0 0 TX0CKS2 TXO0CKS1 TXOCKSO0
TXO0TMC TMXO0 count operation control
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation
SELPLL TXOCKS2 TXOCKS1 TXOCKSO TMXO0 count clock selection
frrs = 4 MHz fers = 20 MHz
(when using PLL)
0 0 0 0 fers 4 MHz -
0 0 0 1 frrs/2 2 MHz -
0 0 1 0 fors/2” 1 MHz -
0 0 1 1 fors/2® 500 kHz -
0 1 0 0 fors/2” 250 kHz -
0 1 0 1 fors/2® 125 kHz -
0 1 1 0 fors/2° 62.5 kHz -
0 1 1 1 fors/2” 31.25 kHz -
1 0 0 1 frrs - 20 MHz
Other than above Setting prohibited

Cautions 1. Only 4 MHz can be used for the PLL reference clock oscillation frequency.
2. When rewriting TXOCKS2 to TXOCKSO bits to other data, stop the timer operation
beforehand (TXOTMC = 0).

Remark SELPLL: Bit 3 of the internal oscillation mode/PLL control register (RCM)

fers: Peripheral hardware clock frequency
fxp: Main system clock frequency
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Figure 6-7. Format of 16-bit Timer X1 Operation Control Register 0 (TX1CTLO) (78K0/FB2-L Only)

Address: FF94H After reset: 00H R/W
Symbol <7> 6 5 4 3 <2> <1> <0>
TX1CTLO TX1TMC 0 0 0 0 TX1CKS2 TX1CKS1 TX1CKSO0
TX1TMC TMX1 count operation control
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation
TX1 TX1 SEL TX1 TX1 TX1 TMX1 count clock selection
MD1 MDO PLL CKS2 CKSs1 CKSO0 frrs = 4 MHz fers = 20 MHz
(when using PLL)
0 0/1 0 0 0 0 frrs 4 MHz -
0 0 0 1 frrs/2 2 MHz -
0 0 1 0 | fers/2® 1 MHz -
0 0 1 1| fersi2® 500 kHz -
0 1 0 0 | fers2* 250 kHz -
0 1 0 1 | fers/2® 125 kHz -
0 1 1 0 | fers/2® 62.5 kHz -
0 1 1 1| ferss2’ 31.25 kHz -
1 0 0 1 fers - 20 MHz
1 0 X X X X TMXO0 count clock (see Figure 6-6 Format of 16-bit
Timer X0 Operation Control Register 0 (TXOCTLO))
Other than above Setting prohibited

Cautions 1. Only 4 MHz can be used for the PLL reference clock oscillation frequency.
2. When rewriting TX1CKS2 to TX1CKSO bits to other data, stop the timer operation
beforehand (TX1TMC = 0).

Remark SELPLL:

TX1MD1, TX1MDO:

frrs:

fxp:

Bit 3 of the internal oscillation mode/PLL control register (RCM)

Bits 1 and 0 of 16-bit timer X1 operation control register 1

Peripheral hardware clock frequency

Main system clock frequency
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(2) 16-bit timer Xn operation control register 1 (TXnCTL1)
TXNnCTL1 is a register that sets timer start via detection of INTPO rising edge, output gate function by TOH1 output,
the PWM output operation, and synchronous operation mode.
TXNnCTL1 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears TXnCTL1 to O0H.

Remark

n=
n=

0 :78KO/FY2-L, 78KO/FA2-L
0, 1: 78K0/FB2-L

Figure 6-8. Format of 16-bit Timer X0 Operation Control Register 1 (TX0OCTL1)

Address: FF7FH After reset: 00H R/W
Symbol <7> 6 <5> <4> <3>
TXOCTL1 TXOINTPST 0 TXOPWM TXOPWM TXOPWM
CENote 3 CINVNote 3 Note 3
TXOINTPST Control of timer start operation via detection of INTPO rising edge
0 Disables timer start operation via detection of INTPO rising edge (starts timer via setting (1) of
TX0TMC) ' .
1 Enables timer start operation via detection of INTPO rising edge™°"® 2.
TXOPWM Control of TOXO0n output gate function by TOH1 output (n =0, 1)
CENOte 3
0 Does not use output gate function.
1 Use output gate function.
TXOPWM Setting of TOXmn output by TOH1 output (mn = 00, 01, 10, 11)
CINVNote 3
0 e Performs PWM output from TOXmn while the TOH1 output is high level.
o Outputs a default level of TOXmn while the TOH1 output is low level.
1 e Performs PWM output from TOXmn while the TOH1 output is low level.
e Qutputs a level that is the inverse of the default level of TOXmn while the TOH1 output is high
level.
TXOPWM TMX0 PWM output operation setting
Note 3
0 ¢ Single output (TOX00 pin only)
e INTTMXO is generated upon match of counter and TXOCRL1 register
1 e Dual output (TOX00 and TOXO01 pins)
e INTTMXO is generated upon match of counter and TXOCRS3 register
Notes 1. In TMXO0 or TMX1 synchronous start mode (available only in 78K0/FB2-L), a timer start operation
via detection of INTPO rising edge cannot be performed, so set TXOINTPST to 0.
2. If lis setto TXOTMC after setting 1 to TXOINTPST, detection of INTPO rising edge will be waited
for. If the INTPO rising edge is detected, 16-bit timer X0 will start counting up.
3. 78KO0/FA2-L and 78KO0/FB2-L only.
(Caution is listed on next page. )
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Cautions 1. During timer operation, setting the other bits of TXOCTL1 is prohibited. However, TXOCTL1 can
be refreshed (the same value is written).
2. Besureto clear bits 0to 2 and 6to O.
3. When using the output gate function, set bit 0 (TOEN1) of the TMHMDL1 register to 1 (enable the
TOH1 output).

Figure 6-9. Format of 16-bit Timer X1 Operation Control Register 1 (TX1CTL1) (78K0/FB2-L Only)

Address: FF95H After reset: 00H R/W

Symbol 7 6 <5> 4 <3> 2 <1> <0>
TX1CTL1 0 0 TX1PWM 0 TX1IPWM 0 TX1MD1 TX1MDO
CE
TX1PWM Control of TOX1n output gate function by TOH1 output (n =0, 1)
CE
0 Does not use output gate function.
1 Use output gate function.
TX1IPWM TMX1 PWM output operation setting
0 ¢ Single output (TOX10 pin only)

INTTMX1 is generated upon match of counter and TX1CR1 register

1 e Dual output (TOX10 and TOX11 pins)
INTTMX1 is generated upon match of counter and TX1CR3 register

TX1IMD1 TX1MDO Operation mode setting
0 0 TMX1-only start mode
0 1 TMXO0 and TMX1 synchronous start mode
1 0 TMXO0 and TMX1 synchronous start/clear mode
1 1 Setting prohibited

Cautions 1. During the timer operation, setting the other bits of TX1CTL1 is prohibited. However, TX1CTL1
can be refreshed (the same value is written).
2. Be sureto clear bits 2,4, 6 and 7 to 0.
3. When using the output gate function, set bit 0 (TOEN1) of the TMHMDL1 register to 1 (enable the
TOH1 output).
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(3) 16-bit timer Xn operation control register 2 (TXnCTL2)

TXnCTL2 is a register that selects the capture trigger source, controls the generation of the A/D conversion

synchronization trigger, and sets the TXnCCRO register.
TXnCTL2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TXnCTL2 to O0H.

Remarks 1. The capture trigger source differs as follows, according to the operation mode.

Operation mode Capture trigger sources
TMXO0-only start mode INTCMP2, INTPO
TMX1-only start mode (78K0/FB2-L only) INTCMP1
TMXO0 and TMX1 synchronous start TMXO0 INTCMP2, INTPO
mode (78K0/FB2-L only) TMX1 INTCMP1
TMXO0 and TMX1 synchronous TMX0 INTCMP2, INTPO
start/clear mode (78K0/FB2-L only) TMX1 INTCMP1

2. n=0,1
Figure 6-10. Format of 16-bit Timer X0 Operation Control Register 2 (TXOCTL2)

Address: FF80H After reset: 00H R/W

Symbol 7 <6> 5 4 3 2 <1> <0>
TXOCTL2 0 TXOTRGS 0 0 0 0 TXOADEN TX0CCS

TXOTRGS TMXO capture trigger source selection
0 INTCMP2
1 INTPO

TXOADEN Control of generating A/D conversion synchronization trigger from TMX0
0 Disables generating A/D conversion synchronization trigger
1 Enables generating A/D conversion synchronization triggerNOte

TX0CCS TXOCCRO register control

0 Operates as compare registerN°te
1 Operates as capture register

Note When enabling generation of the A/D conversion synchronization trigger (TXOADEN = 1), set the TXOCCRO
register to operate as a compare register (TXOCCS = 0), because the A/D conversion synchronization trigger is

generated upon a match between the counter and the TXOCCRO register.

Cautions 1. During the 16-bit timer X0 operation, setting the other bits of TXOCTL2 is prohibited. However,

TXOCTL2 can be refreshed (the same value is written).

2. The registers used by the A/D converter (ADMO, ADPCO, ADPC1, ADS) can be rewritten while the

16-bit timer X0 is operating.

3. A/D conversion synchronization triggers that occur while A/D conversion is stopped (ADCS = 0)
are invalid. A/D conversion synchronization triggers that occur after A/D conversion has been

enabled (ADCS = 1) are valid.
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Figure 6-11. Format of 16-bit Timer X1 Operation Control Register 2 (TX1CTL2) (78K0/FB2-L only)

Address: FF96H After reset: 00H R/W

Symbol 7 6 5 4 3 2 <1> <0>
TX1CTL2 0 0 0 0 0 0 TX1ADEN TX1CCS
TX1ADEN Control of generating A/D conversion synchronization trigger from TMX1
0 Disables generating A/D conversion synchronization trigger
1 Enables generating A/D conversion synchronization triggerNOle
TX1CCS TX1CCRO register operation
0 Operates as compare register"°'
1 Operates as capture register

Note When enabling generation of the A/D conversion synchronization trigger (TX1ADEN = 1), set the TX1CCRO
register to operate as a compare register (TX1CCS = 0), because the A/D conversion synchronization trigger is

generated upon a match between the counter and the TX1CCRO register.

Cautions 1. During the 16-bit timer operation, setting the other bits of TX1CTL2 is prohibited. However,

TX1CTL2 can be refreshed (the same value is written).

2. The registers used by the A/D converter (ADMO, ADPCO, ADPC1, ADS) can be rewritten while the

16-bit timer X1 is operating.

3. A/D conversion synchronization triggers that occur while A/D conversion is stopped (ADCS = 0)
are invalid. A/D conversion synchronization triggers that occur after A/D conversion has been

enabled (ADCS = 1) are valid.

(4) 16-bit timer X0 operation control register 3 (TXOCTL3)

TXOCTL3 is a register that sets the mode of the interlocking function with comparator 2 and INTPO, and sets the

operation when restarting upon comparator output.
TXOCTL3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TXOCTL3 to O0H.
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Figure 6-12. Format of 16-bit Timer X0 Operation Control Register 3 (TXOCTL3)

Address: FF81H After reset: 00H R/W
Symbol 7 <6> <5> 4 <3> <2> <1> <0>
TXOCTL3 0 TXOCMPLD | TXOCMPLD 0 TXOINTPOR | TXOINTPOR | TXOCMP2R | TXOCMP2R
SET1V®® | seToN'e® M1 MO M1 MO
TXOCMPLD | TXOCMPLD Change of compare register when restarting upon comparator output
SET1V'®S | sgToNOte (When interlocking mode 2 (timer restart mode) is set)
0 0 Does not change compare register value when restarting.
0 1 Rewrites values of all compare registers (TXnCRO to TXnCR3, TXnCCRO)NOte at
. Notes 2, 3
once when restarting upon comparator O output .
1 0 Rewrites values of all compare registers (TXnCRO to TXnCR3, TXnCCRO)NOte bat
once when restarting upon comparator 1 output™°'*s %3,
1 1 Rewrites values of all compare registers (TXnCRO to TXnCR3, TXnCCRO)NOte bat
. Notes 2, 3
once when restarting upon comparator 2 output .
TXOINTPOR | TXOINTPOR Operation mode of interlocking function via INTPO (interlocking with TMXO0 timer)
M1 MO
0 0 Disables operation of interlocking function via INTPO.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when INTPO is at high level.
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when INTPO rising edge is
detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
INTPO rising edge to generation of next interruptNOte 4
TXOCMP2R | TXOCMP2R Operation mode of interlocking function via comparator 2 output (interlocking with
M1 MO TMXO timer)
0 0 Disables operation of interlocking function via comparator 2 output.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when comparator 2 output is at
high level (CMP2F flag = 1).
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when rising edge of
comparator 2 output is detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
. . . Note 4
rising edge of comparator 2 output to generation of next interrupt .
Notes 1. The values of TX1CRO to TX1CR3 and TX1CCRO are rewritten at once only in the TMX0 and TMX1
synchronous start/clear mode.
2. For TMXO single output, the values of the compare registers are rewritten at once upon restart by
comparator output after TXOCR1 is rewritten.
3. For TMXO0 dual output, the values of the compare registers are rewritten at once upon restart by
comparator output after TXOCR3 is rewritten.
4. Do not set to interlocking mode 3 when in TMX0 and TMX1 synchronous start/clear mode (available only in
78KO0/FB2-L).
5. 78KO/FA2-L and 78KO0/FB2-L only.

Caution During the timer operation, setting the other bits of TXOCTL3 is prohibited. However, TXOCTL3 can
be refreshed (the same value is written).
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(5) 16-bit timer Xn operation control register 4 (TXnCTL4)
TXnCTL4 is a register that sets the mode of the interlocking function with comparator 0 and comparator 1.
TXnCTL4 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TXnCTL4 to OOH.

n=0 :78K0/FA2-L
n=0,1:78K0/FB2-L

Remark

Figure 6-13. Format of 16-bit Timer X0 Operation Control Register 4 (TXOCTL4)
(78KO/FA2-L and 78K0/FB2-L only)

Address: FF82H After reset: 00H R/W
Symbol 7 6 <5> <4> <3> <2> <1> <0>
TXO0CTL4 0 0 TXOCMP1RP | TXOCMP1R | TXOCMP1R | TXOCMPORP | TXOCMPOR | TXOCMPOR
M1 MO M1 MO
TXOCMP1RP Selection of timer interlocking with comparator 1 output
0 Comparator 1 output interlocks with TMXO timer.
1 Comparator 1 output interlocks with TMX1 timer (available only in 78K0/FB2-L).
TXOCMP1R | TXOCMP1R Operation mode of interlocking function via comparator 1 output (interlocking with
M1 MO TMXO timer)
0 0 Disables operation of interlocking function via comparator 1 output.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when comparator 1 output is at
high level (CMP1F flag = 1).
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when rising edge of
comparator 1 output is detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
rising edge of comparator 1 output to generation of next interruptNme.
TXOCMPORP Selection of timer interlocking with comparator 0 output
0 Comparator 0 output interlocks with TMXO timer.
1 Comparator 0 output interlocks with TMX1 timer (available only in 78K0/FB2-L).
TXOCMPOR | TXOCMPOR Operation mode of interlocking function via comparator 0 output (interlocking with
M1 MO TMXO timer)
0 0 Disables operation of interlocking function via comparator 0 output.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when comparator O output is at
high level (CMPOF flag = 1).
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when rising edge of
comparator O output is detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
rising edge of comparator 0 output to generation of next interruptNme.

Note Do not set to interlocking mode 3 when in TMX0 and TMX1 synchronous start/clear mode (available only in
78KO0/FB2-L).

Caution During the timer operation, setting the other bits of TXOCTL4 is prohibited. However, TXOCTL4 can
be refreshed (the same value is written).
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Figure 6-14. Format of 16-bit Timer X1 Operation Control Register 4 (TX1CTL4) (78K0/FB2-L Only)

Address: FFOAH After reset: 00H R/W
Symbol 7 6 5 <4> <3> 2 <1> <0>
TX1CTL4 0 0 0 TX1CMPI1R | TX1CMP1R 0 TX1CMPOR | TX1CMPOR
M1 MO M1 MO
TX1CMP1R | TXICMP1R Operation mode of interlocking function via comparator 1 output (interlocking with
M1 MO TMX1 timer)
0 0 Disables operation of interlocking function via comparator 1 output.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when comparator 1 output is at
high level (CMP1F flag = 1).
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when rising edge of
comparator 1 output is detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
. . . Note
rising edge of comparator 1 output to generation of next interrupt ™ .
TX1CMPOR | TX1ICMPOR Operation mode of interlocking function via comparator 0 output (interlocking with
M1 MO TMX1 timer)
0 0 Disables operation of interlocking function via comparator 0 output.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when comparator O output is at
high level (CMPOF flag = 1).
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when rising edge of
comparator O output is detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of

rising edge of comparator 0 output to generation of next interruptNme.

Note Do not set to interlocking mode 3 when in TMXO0 and TMX1 synchronous start/clear mode.

Caution During the timer operation, setting the other bits of TX1CTL4 is prohibited. However, TX1CTL4 can
be refreshed (the same value is written).
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(6) 16-bit timer Xn output control register 0 (TXnIOCO)
TXnlOCQO is a register that sets the timer output.
TXnIOCO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TXnIOCO to 00H.

Remark n=0 :78KO0/FA2-L
n=0,1:78K0/FB2-L

Figure 6-15. Format of 16-bit Timer X0 Output Control Register 0 (TX0IOCO0)
(78K0/FA2-L and 78K0/FB2-L only)

Address: FF83H After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
TX0IOCO 0 0 0 0 TX0TOC1 TX0TOCO TX0TOL1 TXOTOLO
TX0TOC1 TOXO01 output control
0 Disables timer output (Fixes to low-level output when TXOTOL1 = 0, and fixes to high-level output

when TXOTOL1 = 1.)

1 Enables timer output (PWM output)
TX0TOCO TOXO00 output control
0 Disables timer output (Fixes to low-level output when TXOTOLO = 0, and fixes to high-level output

when TX0TOLO =1.)

1 Enables timer output (PWM output)

TX0TOL1 Default TOX01 output state setting
0 Normal output (low level)
1 Inverted output (high level)

TX0TOLO Default TOX00 output state setting
0 Normal output (low level)
1 Inverted output (high level)

Cautions 1. During the timer operation, setting the other bits of TX0IOCO is prohibited. However, TX0IOCO
can be refreshed (the same value is written).
2. The actual TOX00/P31/INTP2/TOOLC1 and TOX01/P32/INTP3/TOOLD1 pin outputs are determined
depending on PM31, P31, PM32, and P32 besides TOX00 and TOX01 outputs.
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Figure 6-16. Format of 16-bit Timer X1 Output Control Register 0 (TX1I0CO0) (78K0/FB2-L Only)

Address: FF9BH After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
TX1I0CO0 0 0 0 0 TX1TOC1 TX1TOCO TX1TOL1 TX1TOLO
TX1TOC1 TOX11 output control
0 Disables timer output (Fixes to low-level output when TX1TOL1 = 0, and fixes to high-level output

when TX1TOL1 = 1.)

1 Enables timer output (PWM output)
TX1TOCO TOX10 output control
0 Disables timer output (Fixes to low-level output when TX1TOLO = 0, and fixes to high-level output

when TX1TOLO =1.)

1 Enables timer output (PWM output)

TX1TOL1 Default TOX11 output state setting
0 Normal output (low level)
1 Inverted output (high level)

TX1TOLO Default TOX10 output state setting
0 Normal output (low level)
1 Inverted output (high level)

Cautions 1. During the timer operation, setting the other bits of TX1IOCO is prohibited. However, TX1I0CO
can be refreshed (the same value is written).
2. The actual TOX10/P33 and TOX11/P34/INTP4 pin outputs are determined depending on PM33, P33,
PM34, and P34 besides TOX10 and TOX11 outputs.
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(7) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P31/TOX00/INTP2/TOOLC1, P32/TOX01/INTP3/TOOLD1, P33/TOX10, and P34/TOX11/INTP4 pins
for timer output, set PM31 to PM34 and the output latches of P31 to P34 to 0.
PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM3 to FFH.

Figure 6-17. Format of Port Mode Register 3 (PM3)

Address: FF23H  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n P3n pin I/O mode selection (n=0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Remark The figure shown above presents the format of port mode register 3 of the 78KO0/FB2-L
products. For the format of port mode register 3 of other products, refer to (1) Port mode
registers (PMxx) in 4.3 Registers Controlling Port Function.
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The following table shows how the operation modes (TMXO0-only mode, TMX1l-only mode, TMX0 and TMX1

synchronous start mode, TMX0 and TMX1 synchronous start/clear mode) and register setting bits controlling 16-bit timers

X0 and X1 relate to each other.

Table 6-2. Register Setting Bits Controlling Operation Mode and 16-bit Timers X0 and X1 (1/2)

Register Bit Operation Mode
TMXn-Only Mode Synchronous Start Synchronous Start/Clear
(n _ 0 1) MOdeNote ModeNoIe
TMXO0 TMX1Ne Master Slave Master Slave
(TMXO0) (TMX1) (TMXO0) (TMX1)
TXOCTLO TXO0TMC Setting - Setting Setting
TXOCKS2 to Setting - Setting - Setting
TXOCKSO0
TX1CTLO TX1TMC - Setting - - - -
TX1CKS2 to - Setting - Setting - -
TX1CKSO
TXOCTL1 TXOINTPST Setting - 0 Setting
TXOPWMCE Setting - Setting - Setting -
TXOPWMCINV Setting - Setting Setting
TXOPWM Setting - Setting - Setting -
TX1CTL1 TX1PWMCE - Setting - Setting - Setting
TX1PWM - Setting - Setting - Setting
TX1MD1 - 0 - 0 - 1
TX1MDO - 0 - 1 - 0
TXOCTL2 TXOTRGS Setting - Setting - Setting -
TXOADEN Setting - Setting - Setting -
TX0CCS Setting - Setting - Setting -
TX1CTL2 TX1ADEN - Setting - Setting - Setting
TX1CCS - Setting - Setting - Setting
TXOCTL3 TXOCMPLDSET1, Setting - Setting - Setting
TXOCMPLDSETO
TXOINTPORML1, Setting - Setting - Setting (setting
TXOINTPORMO TXOINTPORML1 = 1 and
TXOINTPORMO =1 is
prohibited)
TXOCMP2RM1, Setting - Setting - Setting (setting
TXO0CMP2RMO TXOCMP2RM1 =1 and
TXOCMP2RMO =1 is
prohibited)
Note 78KO0/FB2-L only
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Table 6-2. Register Setting Bits Controlling Operation Mode and 16-bit Timers X0 and X1 (2/2)

Register Bit Operation mode
TMXn-Only Mode Synchronous Start Synchronous Start/Clear
(n=0,1) Mode™°*® Mode™°*®
TMXO0 TMX1V*® Master Slave Master Slave
(TMXO0) (TMX1) (TMXO0) (TMX1)
TXOCTL4 TXOCMP1RP Setting Setting - -
TXOCMP1RM1, Setting is - Setting is - - -
TXOCMP1RMO valid valid
when when
TXOCMP TXOCMP
1IRP=0 1IRP=0
TXOCMPORP Setting Setting - -
TXOCMPORM1, Setting is - Setting is - - -
TXOCMPORMO valid valid
when when
TXOCMP TXOCMP
ORP =0 ORP =0
TX1CTL4 TX1CMP1RM1, - Setting is - Setting is - -
TX1CMP1RMO valid valid
when when
TXOCMP TXOCMP
1IRP=1 1IRP=1
TX1CMPORM1, - Setting is - Setting is - -
TX1CMPORMO valid valid
when when
TXOCMP TXOCMP
ORP =1 ORP =1
TXO0IOCO TX0TOC1 Setting - Setting - Setting -
TX0TOCO Setting - Setting - Setting -
TX0TOL1 Setting - Setting - Setting -
TXOTOLO Setting - Setting - Setting -
TX1I0CO0 TX1TOC1 - Setting - Setting - Setting
TX1TOCO - Setting - Setting - Setting
TX1TOL1 - Setting - Setting - Setting
TX1TOLO - Setting - Setting - Setting
Note 78KO/FB2-L only
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The following tables show how the operation modes (TMXO0-only mode, TMX1l-only mode, TMX0 and TMX1

synchronous start mode, TMX0 and TMX1 synchronous start/clear mode) and the trigger source of each operation (start,

capture, interlocking function) relate to each other.

Table 6-3. Operation Mode and Trigger Source

(1) Timer start

Trigger Source

Operation Mode

TMXn-Only Mode

Synchronous Start

Synchronous Start/Clear

(h=0,1) Mode™°*® Mode™°*®
TMXO0 TMXLN® Master Slave Master Slave
(TMX0) (TMX1) (TMX0) (TMX1)
INTPO Usable Not Not usable Usable
usable

(2) Capture

Trigger Source

Operation Mode

TMXn-Only Mode Synchronous Start Synchronous Start/Clear
(h=0,1) Mode™°*® Mode™*®
TMX0 TMmX1oe Master Slave Master Slave
(TMXO0) (TMX1) (TMXO0) (TMX1)
INTPO Usable Not Usable Not Usable Not
usable usable usable
INTCMP1 Not Usable Not Usable Not Usable
usable usable usable
INTCMP2 Usable Not Usable Not Usable Not
usable usable usable

(3) Interlocking function

Trigger Source Operation Mode

TMXn-Only Mode Synchronous Start Synchronous Start/Clear
(h=0,1) Mode™*® Mode™*®
TMX0 TMX1oe Master Slave Master Slave
(TMXO0) (TMX1) (TMX0) (TMX1)
INTPO Usable Not Usable Not Usable
usable usable
INTCMPO Usable Usable Not usable
INTCMP1
INTCMP2 Not Not Usable
usable usable
Note Available only in 78K0/FB2-L
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6.4 Operation of 16-Bit Timer/Event Counter 00

(1) Interval timer operation

If bit 7 (TXnTMC) of the 16-bit timer Xn operation control register 0 (TXnCTLO) is set to 1, the count operation is started

in synchronization with the count clock.

When the value of the 16-bit timer counter Xn (TMXn) later matches the value of TXnCRm, TMXn is cleared to 0000H
and a match interrupt signal (INTTMXn) is generated. This INTTMXn signal enables TMXn to operate as an interval timer.

Remarks 1. For how to enable the INTTMXn interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.

2. m=1,3 : 78KO/FY2-L, 78KO/FA2-L, 78K0O/FB2-L
n=0 : 78KO/FY2-L, 78KO/FA2-L

n=0,1 : 78K0/FB2-L

Figure 6-18. Basic Timing Example of Interval Timer Operation

N N N N —
16-bit timer counter Xn
0000H
Operable bits 0
(TXnTMC)
Compare register
(TXnCRm)
Compare match interrupt _|
(INTTMXn)
Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)
Remark m=1,3 : 78K0/FY2-L, 78K0/FA2-L, 78KO0/FB2-L
n=0 : 78KO/FY2-L, 78K0/FA2-L
n=0,1 : 78K0/FB2-L
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Figure 6-19. Example of Register Settings for Interval Timer Operation

(a) 16-bit timer Xn operation control register 0 (TXnCTLO)

TXnTMC TXnCKS2 TXnCKS1 TXnCKSO
[ 1 ] o [ o | o | o | on | on | on |
\ | |
I Selects count clock

Starts timer count operation

(b) 16-bit timer X0 operation control register 1 (TXOCTL1)

TXONTPST TXOPWHCE  TXOPWMCINV__ TXGPM
[ o | o | o | o | on | o | o | o |

Select target compare register of INTTMX0
0 : INTTMXO is generated upon match of counter and TXOCRL1 register

1: INTTMXO is generated upon match of counter and TXOCRS3 register

(c) 16-bit timer X1 operation control register 1 (TX1CTL1) (78K0/FB2-L only)

TXIPUNCE TXIPI TAMDL  TXIMDO
[ o | o | o | o | on | o [ on | on |

T

Operation mode setting
00 : TMX1-only start mode
01 : TMXO0 and TMX1 Synchronous start mode
10 : TMXO0 and TMX1 Synchronous start/clear mode
11 : Setting prohibited

L— Select target compare register of INTTMX1
0: INTTMX1 is generated upon match of counter and TX1CR1 register

1:INTTMX1 is generated upon match of counter and TX1CRS3 register

(d) 16-bit timer Xn capture/compare register m (TXnCRm)
If N is set to TXnCRm, the interval time is as follows.

e Interval time = (N + 1) x Count clock cycle

Setting TXnCRm to 0000H is prohibited.

Remark m=1,3 : 78KO0/FY2-L, 78KO/FA2-L, 78K0/FB2-L

n=0 : 78KO/FY2-L, 78KO/FA2-L
n=0,1 : 78K0/FB2-L
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Figure 6-20. Example of Software Processing for Interval Timer Function

N — N — N —
16-bit timer counter Xn

0000H

Operable bits
(TXnTMC)

TXnCRm register x N
INTTMXn signal —| —| —|

<1> <2>

<1> Count operation start flow

(s )

Register initial setting - . . .
TXnCTL1 register, Initial setting of these registers is performed before
TXnCRm register setting the TXnTMC bit to 1.
TXNTMC bit=1 Starts count operation

<2> Count operation stop flow

P The counter is initialized and counting is stopped
TXnTMC bit =0 ] .
! by clearing the TXnTMC bit bit to 0.

=0

Remark m=1,3 : 78KO0O/FY2-L, 78K0/FA2-L, 78K0/FB2-L
n=0 : 78KO/FY2-L, 78K0O/FA2-L
n=0,1 : 78K0/FB2-L
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(2) A/D conversion start timing signal output

If bit 1 (TXnADEN) of the 16-bit timer Xn operation control register 2 (TXnCTL2) is set to 1, the generation of the A/D
conversion synchronization trigger is enabled. If bit 7 (TXnTMC) of the 16-bit timer Xn operation control register 0
(TXnCTLO) is set to 1, the count operation is started in synchronization with the count clock.

When the value of the 16-bit timer counter Xn (TMXn) later matches the value of TXnCCRO, the A/D conversion
synchronization trigger is generated. When the value of TMXn matches the value of TXnCRm, TMXn is cleared to 0000H.
To output the A/D conversion start timing signal, satisfy the relationship between TXnCCRO and TXnCRm as follows.

e TXNCCRO < TXnCRm
If this relationship is not satisfied, the A/D conversion trigger is not generated.

Remarks 1. For details of the A/D conversion in combination with 16 bit timer X0 or X1, refer to 11.4.2 Basic
operation of A/D converter (timer trigger mode).
2.m=1,3
n=0 : 78KO/FY2-L, 78K0/FA2-L
n=0,1 :78K0/FB2-L

Figure 6-21. Basic Timing Example of A/D Conversion Start Timing Signal Output

N A N A N - N -
16-bit timer counter Xn M Z M 7/ M ,Z M S~
0000H
A/D conversion synchronization 0 1
trigger enable bits (TXNADEN)
Operable bits 0 1
(TXnTMC)
Compare register N
(TXnCRm)
Compare register M
(TXnCCRO)
Compare match interrupt _| _| _| _|
(INTTMXn)
A/D conversion synchronization trigger _| _| _| _|
Remark m=1,3
n=0 : 78K0/FY2-L, 78K0/FA2-L
n=0,1 :78K0O/FB2-L
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Figure 6-22. Example of Register Settings for A/D Conversion Start Timing Signal Output

() 16-bit timer Xn operation control register 0 (TXnCTLO)

TXnTMC

TXnCKS2 TXnCKS1 TXnCKSO

[ 1

o | o | o | o [ o1 | on | on |

\ | |
.
Selects count clock

Starts timer count operation

(b) 16-bit timer Xn operation control register 2 (TXnCTL?2)

TXnADEN TXnCCS

o ol oo o] 1] o]

\— TXnCCRO used as compare register.

—— Enable generates
A/D conversion synchronization trigger.

(c) 16-bit timer X0 operation control register 1 (TXOCTL1)

TXOINTPST

TXOPWMCE TXOPWMCINV - TXOPWM

[ o

o | o | o [ on [ o | o | o |

Select target compare register of INTTMX0
0: INTTMXO is generated upon match of counter and TXOCR1 register
1: INTTMXO is generated upon match of counter and TXOCRS3 register

(d) 16-bit timer X1 operation control register 1 (TX1CTL1) (78K0/FB2-L only)

TXIPWMCE TXIPWM TXIMDL TXIMDO

o | o | o [ on | o | on | on |

T

— Select target compare register of INTTMX1
0: INTTMX1 is generated upon match of counter and TX1CR1 register
1: INTTMX1 is generated upon match of counter and TX1CRS3 register

Operation mode setting
00 : TMX1-only start mode

(e) 16-bit timer Xn compare register m (TXnCRm)
If N is set to TXnCRm, the A/D conversion synchronization trigger generation period is as follows.

e The A/D conversion synchronization trigger generation period = (N + 1) x Count clock cycle

Setting TXnCRm to 0000H is prohibited.

(f) 16-bit timer Xn capture/compare register 0 (TXnCCRO)

If M

is set to TXnCCRO, the A/D conversion synchronization trigger is generated at a time later than counting

0000H only for M.

Remarks

1. m=13
n=0 : 78KO/FY2-L, 78K0/FA2-L
n=0,1 :78KO0O/FB2-L

2. For details of A/D conversion in combination with 16 bit timer X0 or X1, refer to 11.4.2 Basic operation
of A/D converter (timer trigger mode).
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Figure 6-23. Example of Software Processing for A/D Conversion Start Timing Signal Output

N — N — N —
16-bit timer counter Xn M Z M Z M Z

0000H

Operable bits
(TXnT™MC) _° 1 0

Compare register N
(TXnCRm)

Compare register M
(TXnCCRO)

Compare match interrupt _| _| _|
(INTTMXn)

A/D conversion synchronization trigger —| _| —|

T T

<1> <2>

<1> Count operation start flow

(s )

Register initial setting
TXnCTL2 register, Initial setting of these registers is performed before
TXnCTL1 register, setting the TXnTMC bit to 1.

TXnCRm register,
TXnCCRO register

TXnTMC bit = 1 Starts count operation

<2> Count operation stop flow

- The counter is initialized and counting is stopped
TXnTMC bit =0
n ! by clearing the TXnTMC bit bit to 0.

=

Remarks 1. m=1, 3
n=0 : 78KO/FY2-L, 78K0/FA2-L
n=0,1 :78KO0/FB2-L
2. For details of A/D conversion in combination with 16 bit timer X0 or X1, refer to 11.4.2 Basic operation

of A/D converter (timer trigger mode).
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(3) Capture function

If bit 7 (TXnTMC) of the 16-bit timer Xn operation control register 0 (TXnCTLO) is set to 1, the count operation is started

in synchronization with the count clock.

Then, when the rising edge of the comparator m output or the INTPO input is detected, the count value of the 16-bit

Remarks 1. m=1, 2

: 78K0/FB2-L

m=2 : 78KO/FY2-L, 78K0O/FA2-L

n=0 : 78KO/FY2-L, 78K0O/FA2-L

n=0,1 :78K0/FB2-L

k=1,3 :78KO/FY2-L, 78K0O/FA2-L, 78K0/FB2-L

timer counter Xn (TMXn) is captured to a 16-bit timer Xn capture/compare register 0 (TXnCCRO) .
When the value of TMXn later matches the value of TXnCRk, TMXn is cleared to 0000H.

2. Capture trigger of 16-bit timer X0 : Rising edge of the comparator 2 output or the INTPO input

Capture trigger of 16-bit timer X1 : Rising edge of the comparator 1 output

Figure 6-24. Basic Timing Example of Capture Function Operation

16-bit timer counter Xn

0000H

Operable bits
(TXnTMC)

Compare register
(TXnCRK)

Capture trigger
(rising edge of the comparator m
output or the INTPO input)

Capture register
(TXnCCRO)

Remarks 1. m=1,2

0

|
\\____//

0000H

lw)
A
m

: 78K0/FB2-L

m=2 : 78KO/FY2-L, 78K0O/FA2-L

n=0 : 78KO/FY2-L, 78K0O/FA2-L

n=0,1 :78KO/FB2-L

k=1,3 :78K0/FY2-L, 78K0/FA2-L, 78K0/FB2-L

2. Capture trigger of 16-bit timer X0 : Rising edge of the comparator 2 output or the INTPO input

Capture trigger of 16-bit timer X1 : Rising edge of the comparator 1 output

RO1UHO068EJ0203 Rev.2.03
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Figure 6-25. Example of Register Settings for Capture Function Operation

(a) 16-bit timer Xn operation control register 0 (TXnCTLO)

TXnTMC TXnCKS2 TXnCKS1 TXnCKSO
[ 1 ] o [ o | o | o | on | on | on |
\ | |
I Selects count clock

Starts timer count operation

(b) 16-bit timer X0 operation control register 1 (TXOCTL1)

TXOINTPST TXOPWMCE TXOPWHCINY _ TXOPWM
[ o | o | o | o | on | o | o | o |

Select target compare register of INTTMX0
0: INTTMXO is generated upon match of counter and TXOCR1 register
1: INTTMXO is generated upon match of counter and TXOCRS3 register

(c) 16-bit timer X1 operation control register 1 (TX1CTL1) (78KO0/FB2-L only)

TXIPWICE TXIPUM TQWDL THINDD
[ o | o | o | o | on | o | on | on |

\—iOperation mode setting

00 : TMX1-only start mode

Select target compare register of INTTMX1
0: INTTMX1 is generated upon match of counter and TX1CR1 register
1: INTTMX1 is generated upon match of counter and TX1CR3 register

(d) 16-bit timer Xn operation control register 2 (TXnCTL?2)

Note

TXOTRGS TXNADEN TXnCCS
[ o | on | o | o | o | o | o | 1 |

\—TXnCCRO used as
compare register.

TMXO capture trigger source selection
0: INTCMP2
1:INTPO

Note The TXOTRGS bhit is not provided in the TX1CTL2 register.

Remarks 1. m=1,2 :78KO0/FB2-L
m=2 : 78KO/FY2-L, 78K0/FA2-L
n=0 : 78K0/FY2-L, 78K0/FA2-
n=0,1 :78KO0/FB2-L
2. Capture trigger of 16-bit timer X0 : INTCMP2 or INTPO
Capture trigger of 16-bit timer X1 : INTCMP1
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Figure 6-26. Example of Software Processing for Capture Function Operation

1 -1

0000H \

16-bit timer counter Xn A

Compare register

|
(TXnCRk) 9 \ \ ! \ ) 0

Operable bit
(xnT™Mc) © N
Capture trigger
(rising edge of the comparator m —| —| —l
output or the INTPO input) / / /
Capture register W A W B W c
(TXnCCRO) 0000H
<1> <2>
<1> Count operation start flow
< START >
\
Register initial setting
TXNCTL2 register, Initial setting of these registers is performed before
TXnCTLL1 register, setting the TXnTMC bit to 1.
TXnCRKk register
TXNTMC bit = 1 Starts count operation

<2> Count operation stop flow

L The counter is initialized and counting is stopped
TXnTMC bit =0 by clearing the TXnTMC bit bit to 0.

=

Remarks 1. m=1,2 :78KO0/FB2-L
m=2 : 78K0/FY2-L, 78K0/FA2-L
n=0 : 78K0/FY2-L, 78K0/FA2-
n=0,1 :78K0/FB2-L
k=1,3 :78K0/FY2-L, 78K0/FA2-L, 78KO0/FB2-L
2. Capture trigger of 16-bit timer X0 : Rising edge of the comparator 2 output or the INTPO input

Capture trigger of 16-bit timer X1 : Rising edge of the comparator 1 output
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6.5 Operation of PWM output operation of 16-Bit Timers X0 and X1

(1) PWM output operation (TMXn-only mode, single output)
PWM output is started from TOXnO if bit 7 (TXnTMC) of TXnCTLO is set to 1 after setting the count value of the
inverted output to TXnCRO and the count value of the cycle to TXnCRL1.

e Pulse cycle = (Set value of TXnCR1 + 1) x Count clock cycle
e Duty = (Set value of TXnCR1 — Set value of TXnCRO) / (Set value of TXnCR1 + 1)

TXnCRO and TXnCR1 can be rewritten while the timers are operating, and the duty and the pulse cycle can be
changed. When rewriting both TXnCRO and TXnCR1, be sure to rewrite TXnCRO before rewriting TXnCR1. If only
TXnCRL1 needs to be changed, there is no need to rewrite TXnCRO. If only TXnCRO needs to be changed, rewrite
TXnCRO and then write the same value to TXnCR1.

The output is changed when the INTTMXn interrupt is generated immediately after TXnCR1 is written. However, if
TXNCR1 is rewritten during the clock™*'®
Note cycles, the output will be changed when the INTTMXn interrupt subsequent to this INTTMXn interrupt is
generated. Note also that if TXnCRO or TXnCR1 is written with a different value in the period between when TXnCR1

is written and when the output changes, the output will be changed to this different value, not the originally specified

cycle in which the INTTMXn interrupt was generated, or during the previous

two clock

value.

To specify PWM output from TOXn0, set TXnCRO and TXnCR1 to a value in the following range:
0000H < TXnCRO < TXnCR1 < FFFFH

If TXnCRO = TXnCRL1 is specified, the output will be set to the default status (fixed).

Note Count clock of 16-bit timer Xn

Remark n=0 :78K0O/FA2-L
n=0,1:78K0/FB2-L

Figure 6-27. Example of Register Settings for PWM Output Operation (Single Mode) (1/2)

(a) 16-bit timer Xn operation control register 0

TXnTMC TXnCKS2 TXnCKS1 TXnCKSO

TXnCTLOl 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Selects count clock

Starts timer count operation

Remark n=0 :78K0O/FA2-L
n=0,1:78K0/FB2-L
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Figure 6-27. Example of Register Settings for PWM Output Operation (Single Mode) (2/2)
(b) 16-bit timer Xn operation control register 1

o PWM output: TOXO0O0 pin

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
TXOCTL1 | 0/1 ‘ 0 0 0 0 0 0 0 |
‘ Single output
Using the TOXO0n output gate function by
TOH1 output is prohibited.
0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit = 1
and INTPO rising edge is detected.
e PWM output: TOX10 pin
TX1IPWMCE TX1PWM TX1IMD1 TX1MDO
TX1CTL1 | 0 0 0 0 0 0 0 0 |

TMX1-only start mode

Single output
Using the TOX1n output gate function by
TOH1 output is prohibited.

(c) 16-bit timer Xn output control register 0

TXnTOC1 TXnTOCO TXnTOL1 TXnTOLO

TXnlOCO | 0 0 0 0 0 1 0 ‘ 0/1 |
L 0: Normal output (low level)
1: Inverted output (high level)
Enables timer output
Disables timer output
Remark n=0 :78KO0/FA2-L
n=0,1:78K0/FB2-L
RO1UHO068EJ0203 Rev.2.03 RENESAS 192

Jun 29, 2012



78K0/Fx2-L CHAPTER 6 16-BIT TIMERS X0 AND X1

Figure 6-28. PWM Output Timing (TMXn-only Operation, PWM output: TOXnO pin)

FFFFH D1 D1 D1

— [~ B Dl'
16-bit timer counter Xn Do / Do / = / /*

Do
0000H

16-bit timer Xn compare D X Do’
register 0 (TXnCRO) 0 0

16-bit timer Xn compare
buffer register 0

16-bit timer Xn compare X Dy
1

register 1 (TXnCR1) D:

16-bit timer Xn compare
buffer register 1 D1

TOXnO pin output
(TXnTOLO = 0) —

TOXnO pin output
(TXnTOLO = 1)

INTTMXn signal _I_

Remark n=0 :78K0O/FA2-L
n=0,1:78K0/FB2-L

(2) PWM output operation (TMXn-only mode, dual output)
PWM outputs are started when the count value of the inverted output of TOXnO is set to TXnCRO and TXnCR1, the
count value of the inverted output of TOXn1 and the count value of the cycle are set to TXnCR2 and TXnCR3, and 1
is set to hit 7 (TXnTMC) of TXnCTLO.

e Pulse cycle and duty of TOXn0
ePulse cycle = (Set value of TXnCR3 + 1) x Count clock cycle
eDuty = (Set value of TXnCR1 - Set value of TXnCRO) / (Set value of TXnCR3 + 1)

e Pulse cycle and duty of TOXn1l
ePulse cycle = (Set value of TXnCR3 + 1) x Count clock cycle
eDuty = (Set value of TXnCR3 - Set value of TXnCR2) / (Set value of TXnCR3 + 1)

TXnCRO to TXnCR3 can be rewritten while the timers are operating, and the duty and the pulse cycle can be changed.
When rewriting TXnCRO to TXnCR3, be sure to rewrite TXnCRO to TXnCR2 before rewriting TXnCR3. Registers
among TXnCRO to TXnCR2 that are not to be changed do not have to be rewritten. If one of TXnCRO to TXnCR2
needs to be changed but TXnCR3 does not need to be changed, be sure to write the same value to TXnCR3.

The output is changed when the INTTMXn interrupt is generated immediately after TXnCR3 is written. However, if
TXnCRS is rewritten during the clockM'® cycle in which the INTTMXn interrupt was generated, or during the previous
two clock"°' cycles, the output will be changed when the INTTMXn interrupt subsequent to this INTTMXn interrupt is
generated. Note also that if TXnCRO to TXnCR3 are written with a different value in the period between when
TXnCR3 is written and when the output changes, the output will be changed to this different value, not the originally

specified value.
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To specify PWM output from TOXnO0, set TXnCRO and TXnCR1 to a value in the following range:
0000H £ TXnCRO < TXnCR1 < TXnCR3

If TXnCRO = TXnCRL1 is specified, the output will be set to the default status (fixed).
To specify PWM output from TOXn1, set TXnCR2 and TXnCR3 to a value in the following range:
0000H < TXnCR2 < TXnCRS3 < FFFFH

If TXnCR2 = TXnCR3 is specified, the output will be set to the default status (fixed).

Note Count clock of 16-bit timer Xn

Figure 6-29. Example of Register Settings for PWM Output Operation (Dual Mode) (1/2)

(a) 16-bit timer Xn operation control register 0

TXnTMC TXnCKS2 TXnCKS1 TXnCKSO
TXnCTLO | 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

——— Selects count clock

Starts timer count operation

(b) 16-bit timer Xn operation control register 1

o PWM output: TOX00 and TOXO01 pins

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
TXOCTL1 | 0/1 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |

Dual output

Using the TOXOn output gate function by
TOH1 output is prohibited.

0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit=1
and INTPO rising edge is detected.

e PWM output: TOX10 and TOX11 pins

TX1IPWMCE TX1IPWM TX1MD1 TX1MDO
TX1CTL1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |
\— TMX1-only start mode
Dual output

Using the TOX1n output gate function by
TOH1 output is prohibited.

Remark n=0 :78K0O/FA2-L
n=0,1:78K0/FB2-L
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Figure 6-29. Example of Register Settings for PWM Output Operation (Dual Mode) (2/2)

(c) 16-bit timer Xn output control register 0

TXnTOC1 TXnTOCO TXnTOL1 TXnTOLO

TXnIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0/1 ‘ 0/1 |

\—|——‘ 0: Normal output (low level)

1: Inverted output (high level)

Enables timer output

Remark n=0 :78K0O/FA2-L
n=0,1:78K0/FB2-L

Figure 6-30. PWM Output Timing (TMXn-only Operation, PWM output: TOXn0 and TOXn1 pins)

FRFFH Ds Ds Ds

i .| .| .| 5
16-bit timer counter Xn D1 _— D1 D1_= D}Z
D —" | D, | o~ }72
16-bit timer Xn compare

register 0 (TXnCRO) Do X Do

\
\
\

0000H

16-bit timer Xn compare
buffer register 0

16-bit timer Xn compare Ds X Dy
register 1 (TXnCR1)

16-bit timer Xn compare

buffer register 1 D1 Dr

16-bit timer Xn compare X ]
register 2 (TXnCR2) D2 D2

16-bit timer Xn compare

buffer register 2 D2 D2

16-bit timer Xn compare b X Dy
register 3 (TXnCR3) 3 3

16-bit timer Xn compare

buffer register 3 D3 Ds'

TOXnNO pin output
(TXnTOLO = 0)

TOXnO pin output
(TXnTOLO = 1)

TOXn1 pin output
(TXnTOL1 = 0) |

TOXn1 pin output
(TXnTOL1 =1)

INTTMXn signal _| _| _| —I_

Remark n=0 :78K0O/FA2-L
n=0,1:78K0/FB2-L
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(3) PWM output operation (TMX0 and TMX1 synchronous start mode) (78K0/FB2-L only)
Output from the two timer outputs of TMX0 and TMX1 (up to 4 outputs) is simultaneously started.
Setting bit 7 (TXOTMC) of TXOCTL1 to 1 starts PWM output.

Setting bit 7 (TXOTMC) of TXOCTL1 to 0 stops PWM output.

Remark This mode is simultaneously used when starting or stopping output.
While the TMX0 and TMX1 are operating, output control is performed according to the setting of each
timer. See (1) PWM output operation (TMXn-only mode, single output) and (2) PWM output
operation (TMXn-only mode, dual output) for the setting of TXnCRm.

Figure 6-31. Example of Register Settings for PWM Output Operation
(TMX0 and TMX1 Synchronous Start Mode) (1/2)

(a) 16-bit timer Xn operation control register 0

TXOTMC TXOCKS2 TXOCKS1 TXOCKSO
TXOCTLOl 1 ‘ 0 ‘ 0 ‘ 0‘0‘0/1‘0/1‘0/1|

—— Selects count clock

Starts timer count operation
TX1TMC TX1CKS2 TX1CKS1 TX1CKS0
TX1CTLO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

- Selects count clock

(Invalid setting)

(b) 16-bit timer Xn operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
TXOCTL1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0 |
‘ 0: Single output
1: Dual output
Using the TOXOn output gate function by
TOH1 output is prohibited.
Starts counting when TXOTMC bit = 1.
TX1PWMCE TX1PWM TX1MD1 TX1MDO
TX1CTL1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0 ‘ 0 ‘ 1 |

\—\——‘ TMXO0 and TMX1 synchronous start mode

0: Single output
1: Dual output

Using the TOX1n output gate function by
TOH1 output is prohibited.

Remark n=0,1
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Figure 6-31. Example of Register Settings for PWM Output Operation
(TMXO0 and TMX1 Synchronous Start Mode) (2/2)
(c) 16-bit timer Xn output control register 0
TXNTOC1 TXnTOCO TXnTOL1 TXnTOLO
TXnlOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0/1 |
\— 0: Normal output (low level)
1: Inverted output (high level)
0: Disables timer output
1: Enables timer output
Remark n=0,1
197
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Figure 6-32. PWM Output Timing (Synchronous Start mode, TMXO0 dual output, TMX1 dual output)

Synchronous Start

FFFFH

- Doz - Dos
Do / b /
Do Do

— | —]

Do / DO/

7* D13 — D13

s
16-bit timer counter X1 Dz D1z D1z~
D1 DL~ D1

16-bit timer counter X0

0000H
FFFFH

0000H

16-bit timer X0 compare
buffer register 0

16-bit timer X0 compare
buffer register 1

16-bit timer X0 compare
buffer register 2

16-bit timer X0 compare
buffer register 3

16-bit timer X1 compare
buffer register 0

16-bit timer X1 compare
buffer register 1 D11

16-bit timer X1 compare
buffer register 2 D12

16-bit timer X1 compare
buffer register 3 D1s

TOXO00 pin output
(TXOTOLO = 0)

TOXO01 pin output
(TXOTOL1 = 0)

TOX10 pin output
(TX1TOLO = 0)

TOX11 pin output
(TX1TOL1 = 0)

INTTMXO signal —l —I_

INTTMX1 signal —l —l
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(4) PWM output operation (TMX0 and TMX1 synchronous start/clear mode) (78K0/FB2-L only)
Output cycles from the two timer outputs of TMX0 and TMX1 (up to 4 outputs) are synchronized.
Setting bit 7 (TXOTMC) of TXOCTL1 to 1 starts PWM output.

Setting bit 7 (TXOTMC) of TXOCTL1 to 0 stops PWM output.

TXnCRm can be rewritten while the timers are operating, and the duty and the pulse cycle can be changed.
(&) TMXO single output, TMX1 single output or dual output

e Pulse cycle and duty of TOX00

e Pulse cycle = (Set value of TXOCR1 + 1) x Count clock cycle

e Duty = (Set value of TXOCR1 - Set value of TXOCRO) / (Set value of TXOCR1 + 1)
e Pulse cycle and duty of TOX10

e Pulse cycle = (Set value of TXOCR1 + 1) x Count clock cycle

e Duty = (Set value of TX1ICR1 - Set value of TX1CRO) / (Set value of TXOCR1 + 1)
e Pulse cycle and duty of TOX11V**¢*

e Pulse cycle = (Set value of TXOCR1 + 1) x Count clock cycle

e Duty = (Set value of TX1CR3 - Set value of TX1CR2) / (Set value of TXOCR1 + 1)

When changing TXnCRm, be sure to rewrite TXOCR1 after rewriting the registers other than TXOCR1. The registers
other than TXOCRL1 that are not to be changed do not have to be rewritten. If one of the registers other than TXOCR1
needs to be changed but TXOCR1 does not need to be changed, be sure to write the same value to TXOCRL1.

The output is changed when the INTTMXO interrupt is generated immediately after TXOCR1 is written. However, if
TXOCRL is rewritten during the clock™°'® 2

Note 2
two clock '

cycle in which the INTTMXO interrupt was generated, or during the previous
cycles, the output will be changed when the INTTMXO interrupt subsequent to this INTTMXO interrupt
is generated. Note also that if TXnCRm is written with a different value in the period between when TXOCR1 is
written and when the output changes, the output will be changed to this different value, not the originally specified
value.

To specify PWM output from TOX00, set TXOCRO and TXOCRL1 to a value in the following range:
0000H < TXOCRO < TXOCR1 < FFFFH

If TXOCRO = TXOCRL1 is specified, the output will be set to the default status (fixed).

To specify PWM output from TOX10, set TX1CRO and TX1CR1 to a value in the following range:
0000H £ TX1CRO £ TX1CR1 £ TXOCR1

If TX1ICRO = TX1CRL1 is specified, the output will be set to the default status (fixed).

To specify PWM output from TOX11V°*® ! set TX1CR2 and TX1CRS3 to a value in the following range:
0000H £ TX1CR2 £ TX1CR3 < TX0CR1

If TX1CR2 = TX1CR3 is specified, the output will be set to the default status (fixed).

Notes 1. TMX1 dual output only
2. Count clock of 16-bit timer X0
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(b) TMXO dual output, TMX1 single output or dual output

e Pulse cycle and duty of TOX00

e Pulse cycle = (Set value of TXOCR3 + 1) x Count clock cycle

e Duty = (Set value of TXOCR1 - Set value of TXOCRO) / (Set value of TXOCR3 + 1)
e Pulse cycle and duty of TOX01

¢ Pulse cycle = (Set value of TXOCR3 + 1) x Count clock cycle

e Duty = (Set value of TXOCR3 - Set value of TXOCR2) / (Set value of TXOCR3 + 1)
e Pulse cycle and duty of TOX10

¢ Pulse cycle = (Set value of TXOCR3 + 1) x Count clock cycle

e Duty = (Set value of TX1ICR1 - Set value of TX1CRO) / (Set value of TXOCR3 + 1)
e Pulse cycle and duty of TOX11"°**

e Pulse cycle = (Set value of TXOCR3 + 1) x Count clock cycle

e Duty = (Set value of TX1CR3 - Set value of TX1CR2) / (Set value of TXOCR3 + 1)

When changing TXnCRm, be sure to rewrite TXOCR3 after rewriting the registers other than TXOCR3. The registers
other than TXOCRS3 that are not to be changed do not have to be rewritten. If one of the registers other than TXOCR3
needs to be changed but TXOCR3 does not need to be changed, be sure to write the same value to TXOCRS3.

The output is changed when the INTTMXO interrupt is generated immediately after TXOCR3 is written. However, if

TXOCRS is rewritten during the clock™'® 2
Note 2

cycle in which the INTTMXO interrupt was generated, or during the previous
cycles, the output will be changed when the INTTMXO interrupt subsequent to this INTTMXO interrupt
is generated. Note also that if TXnCRm is written with a different value in the period between when TXOCR3 is
written and when the output changes, the output will be changed to this different value, not the originally specified
value.

two clock

To specify PWM output from TOX00, set TXOCRO and TXOCRL1 to a value in the following range:
0000H < TXOCRO < TXOCR1 < TXOCR3
If TXOCRO = TXOCRL1 is specified, the output will be set to the default status (fixed).

To specify PWM output from TOX01, set TXOCR2 and TXOCR3 to a value in the following range:
0000H < TXOCR2 < TXOCR3 < FFFFH
If TXOCR2 = TXOCRS is specified, the output will be set to the default status (fixed).

To specify PWM output from TOX10, set TX1CRO and TX1CR1 to a value in the following range:
0000H £ TX1CRO £ TX1CR1 < TXOCR3

If TXICRO = TX1CRL1 is specified, the output will be set to the default status (fixed).

To specify PWM output from TOX11V°*® ! set TX1CR2 and TX1CRS3 to a value in the following range:
0000H £ TX1CR2 £ TX1CR3 < TXOCR3

If TX1CR2 = TX1CR3 is specified, the output will be set to the default status (fixed).

Notes 1. TMX1 dual output only
2. Count clock of 16-bit timer X0
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Figure 6-33. Example of Register Settings for PWM Output Operation
(TMX0 and TMX1 synchronous start/clear mode)

(a) 16-bit timer X0 operation control register 0

TX0TMC TXOCKS2 TXOCKS1 TX0CKSO0
TXOCTLOl 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

- Selects count clock

Starts timer count operation

(b) 16-bit timer Xn operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
et | o | o | o | o [ o | o | o | o |
‘ 0: Single output
1: Dual output
Using the TOX0n output gate function by
TOH1 output is prohibited.
0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit = 1
and INTPO rising edge is detected.
TX1IPWMCE TX1PWM TX1IMD1 TX1MDO
TX1CTL1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0 ‘ 1 ‘ 0 |

L]

———— TMXO0 and TMX1 synchronous
start/clear mode

0: Single output
1: Dual output

Using the TOX1n output gate function by
TOH1 output is prohibited.

(c) 16-bit timer Xn output control register 0

TXnTOC1 TXnTOCO TXnTOL1 TXnTOLO
TXnlOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

\—|——‘ 0: Normal output (low level)

1: Inverted output (high level)

0: Disables timer output
1: Enables timer output

Remark n=0,1
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Figure 6-34. PWM Output Timing (Synchronous start/clear mode, TMXO0 dual output, TMX1 dual output)
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Do1 Do1
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D D
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D D
D1o 711’/ Do —
—

0000H

16-bit timer X0 compare

buffer register 0 Doo

16-bit timer X0 compare
buffer register 1

16-bit timer X0 compare

buffer register 2 Doz

16-bit timer X0 compare

buffer register 3 Dos

16-bit timer X1 compare

buffer register 0 D1o

16-bit timer X1 compare
buffer register 1 Du

16-bit timer X1 compare

buffer register 2 De2

16-bit timer X1 compare

buffer register 3 D13

TOXO00 pin output
(TXOTOLO = 0)

TOXO01 pin output
(TX0TOL1 = 0) —

TOX10 pin output
(TX1TOLO = 0)

TOX11 pin output
(TX1TOL1 = 0)

INTTMXO signal —l —I_

INTTMX1 signal —l —l
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(5) PWM output operation (PWM output from TOXOn when TOH1 output is at high level)
A square wave is output from the TOXOn pin by combining 8-bit timer H1 and 16-bit timer X0, only when the TOH1
output is at high level.
See (1) PWM output operation (single output) through (4) PWM output operation (TMX0 and TMX1
synchronous start mode) for the setting of outputting a square wave.

Remarks 1. n=0,1
2. For the setting of TOH1 output, see CHAPTER 9 8-BIT TIMER H1.

Figure 6-35. Example of Register Settings for PWM Output Operation (TMX0-Only Operation (Dual Output), PWM
Output from TOX00 and TOX01 When TOH1 Output Is at High Level)

(a) 16-bit timer X0 operation control register 0

TXO0TMC TXOCKS2 TXOCKS1 TXO0CKSO0
0 ‘0/1‘0/1‘0/1|

TXOCTLO | 1

Selects count clock

Starts timer count operation

(b) 16-bit timer X0 operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM

TXOCTL1 | 0/1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |

Dual output

Performs PWM output from TOXmn pin
when TOH1 output is high level.

Using the TOXO0n output gate function by
TOH1 output is enabled.

0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit =1
and INTPO rising edge is detected.

(c) 16-bit timer X0 output control register 0

TXOTOC1 TXOTOCO TXOTOL1 TXOTOLO

TXOIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0/1 ‘ 0/1 |

\—|——‘ 0: Normal output (low level)

1: Inverted output (high level)

Enables timer output

Remark n=0,1, mn=00, 01, 10, 11
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Figure 6-36. PWM Output Timing (TMX0-Only Operation (Dual Output), PWM Output from
TOXO00 and TOX01 When TOH1 Output Is at High Level)

TOH1 output
(intarnal output)

TOXO00 output 1 M1 M1 — S _
(intarnal output) 1AREREnn UL L

TOXO00 pin output ;
(TXoTOLO=0) ——— — — — — | —

TOXO00 pin output
(TXOTOLO = 1)

TOX01 output nnnon: =
(intarnal output) L HEnR

:

TOXO01 pin output
(TXOTOL1 = 0)

TOXO01 pin output
(TXOTOL1 = 1)

(6) PWM output operation (PWM output from TOX0n when TOH1 output is at low level)
A square wave is output from the TOXOn pin by combining 8-bit timer H1 and 16-bit timer X0, only when the TOH1
output is at low level.
See (1) PWM output operation (single output) through (4) PWM output operation (TMX0 and TMX1
synchronous start mode) for the setting of outputting a square wave.

Remarks 1. n=0,1
2. For the setting of TOH1 output, see CHAPTER 9 8-BIT TIMER H1.
3. The above functions cannot be used in the 78KO0/FY2-L. In the 78K0/FY2-L, only the interval timer can be
used.

Figure 6-37. Example of Register Settings for PWM Output Operation (TMX0-Only Operation (Dual Output), PWM
Output from TOX00 and TOX01 When TOH1 Output Is at Low Level) (1/2)

(a) 16-bit timer X0 operation control register 0

TXO0TMC TXOCKS2 TX0OCKS1 TXOCKSO0

TXOCTLOl 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Selects count clock

Starts timer count operation
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Figure 6-37. Example of Register Settings for PWM Output Operation (TMX0-Only Operation (Dual Output), PWM

Output from TOX00 and TOX01 When TOH1 Output Is at Low Level) (2/2)

(b) 16-bit timer X0 operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM

mocra [on | o | 1 [ 1+ | 1+ | o [ o | o |

Dual output

Performs PWM output from TOXmn pin
when TOH1 output is low level.

Using the TOXO0n output gate function by
TOH1 output is enabled.

0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit = 1
and INTPO rising edge is detected.

(c) 16-bit timer X0 output control register 0

TXOTOC1 TXOTOCO TXOTOL1 TXOTOLO

TXOIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0/1 ‘ 0/1 |

\—\——‘ 0: Normal output (low level)

1: Inverted output (high level)

Enables timer output

Remark n=0,1, mn=00,01, 10, 11

Figure 6-38. PWM Output Timing (TMX0-Only Operation (Dual Output), PWM Output from
TOX00 and TOX01 When TOH1 Output Is at Low Level)

TOH1 output
(intarnal output)

TOXO00 output
(intarnal output)

U

TOXO00 pin output
(TXOTOLO = 0)

TOXO00 pin output
(TXOTOLO = 1)

TOXO01 output
(intarnal output)

TOXO01 pin output
(TXOTOL1 = 0)

TOXO01 pin output : :
(TX0TOL1=1) — j S
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(7) PWM output operation (PWM output from TOX1n when TOH1 output is at high level) (78K0/FB2-L only)

A square wave is output from the TOX1n pin by combining 8-bit timer H1 and 16-bit timer X1, only when the TOH1
output is at high level.

See (1) PWM output operation (single output) through (4) PWM output operation (TMX0 and TMX1
synchronous start mode) for the setting of outputting a square wave.

Remarks 1. n=0, 1
2. For the setting of TOH1 output, see CHAPTER 9 8-BIT TIMER H1.

Figure 6-39. Example of Register Settings for PWM Output Operation (TMX1-Only Operation (Dual Output), PWM
Output from TOX10 and TOX11 When TOH1 Output Is at High Level) (1/2)

(2) 16-bit timer X1 operation control register 0

TX1TMC TX1CKS2 TX1CKS1 TX1CKS0
TX1CTLO| 1 ‘ o‘o‘o‘o‘on‘oa‘oul

Selects count clock

Starts timer count operation

(b) 16-bit timer Xn operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
TXOCTL1 | 0/1 ‘ 0 ‘ 0/1 ‘ 0 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0 |

0: TMXO Single output
1: TMXO0 Dual output

Performs PWM output from TOXmn pin
when TOH1 output is high level.

0: Using the TOXOn output gate function by
TOH1 output is prohibited.

1: Using the TOXOn output gate function by
TOH1 output is enabled.

0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit = 1
and INTPO rising edge is detected.

TX1IPWMCE TX1IPWM TX1IMD1 TX1MDO
TX1CTL1 | 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |

\—\——‘ TMX1-only start mode

Dual output

Using the TOX1n output gate function by
TOHL1 output is enabled.

Remark n=0,1, mn=00,01, 10, 11
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Figure 6-39. Example of Register Settings for PWM Output Operation (TMX1-Only Operation (Dual Output), PWM
Output from TOX10 and TOX11 When TOH1 Output Is at High Level) (2/2)

(c) 16-bit timer X1 output control register 0

TX1TOC1 TX1TOCO TX1TOL1 TX1TOLO

maoco [0 1 o | o | o | 1 | 1 | o ] on]

\— 0: Normal output (low level)

1: Inverted output (high level)

Enables timer output

Figure 6-40. PWM Output Timing (TMX1-Only Operation (Dual Output), PWM Output from
TOX10 and TOX11 When TOH1 Output Is at High Level)

TOH1 output
(intarnal output)

TOX10 output
(intarnal output)

5
g
g’

TOX10 pin output
(TX1TOLO = 0)

TOX10 pin output
(TX1TOLO = 1)

TOX11 output
(intarnal output)

TOX11 pin output
(TX1TOL1 =0)

TOX11 pin output
(TX1TOL1 =1)

| E
E
é
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(8) PWM output operation (PWM output from TOX00, TOX01, TOX10, and TOX11 when TOH1 output is at high

level) (78K0/FB2-L only)

A square wave is output from the TOX00, TOX01, TOX10, and TOX11 pins by combining 8-bit timer H1 and 16-bit

timers X0 and X1, only when the TOH1 output is at high level.

See (1) PWM output operation (single output) through (4) PWM output operation (TMX0 and TMX1

synchronous start mode) for the setting of outputting a square wave.

Remark For the setting of TOH1 output, see CHAPTER 9 8-BIT TIMER H1.

Figure 6-41. Example of Register Settings for PWM Output Operation (TMX0 and TMX1 Synchronous Start/Clear

Mode, PWM Output from TOX00, TOX01, TOX10, and TOX11 When TOH1 Output Is at High Level) (1/2)

(a) 16-bit timer X0 operation control register 0

TX0TMC TXOCKS2 TXOCKS1 TXOCKSO

TXOCTLOI 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Selects count clock

Starts timer count operation

(b) 16-bit timer Xn operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
TXOCTL1 | 0/1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |
‘ TMXO0 Dual output
Performs PWM output from TOXmn pin
when TOH1 output is high level.
Using the TOXOn output gate function by
TOH1 output is enabled.
0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit =1
and INTPO rising edge is detected.
TX1IPWMCE TX1IPWM TX1IMD1 TX1MDO
TX1CTL1 I 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘

0|
\— TMXO0 and TMX1 synchronous

start/clear mode

Dual output

Using the TOX1n output gate function by
TOH1 output is enabled.

Remark n=0,1, mn=00, 01, 10, 11
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Figure 6-41. Example of Register Settings for PWM Output Operation (TMX0 and TMX1 Synchronous Start/Clear
Mode, PWM Output from TOX00, TOX01, TOX10, and TOX11 When TOH1 Output Is at High Level) (2/2)

(c) 16-bit timer Xn output control register 0

TXnTOC1 TXnTOCO TXnTOL1 TXnTOLO
maoco [ 0 1 o | o | o | 1 | 1 | o ] on]

\— 0: Normal output (low level)

1: Inverted output (high level)

Enables timer output

Remark n=0,1

Figure 6-42. PWM Output Timing (TMX0 and TMX1 Synchronous Start/Clear Mode, PWM Output from
TOX00, TOX01, TOX10, and TOX11 When TOH1 Output Is at High Level)

FFFFH
16-bit timer counter X0
0000H
FFFFH
16-bit timer counter X1
0000H

TOH1 output
(intarnal output)

TOXO00 output
(intarnal output)

TOXO01 output
(intarnal output)

TOX10 output
(intarnal output)

TOX11 output
(intarnal output)

TOXO00 pin output
TOXO01 pin output || || || || || || || || ||
TOX10 pin output || || || || || || || ||
TOX11 pin output || || || || || || || || ||

RO1UHO068EJ0203 Rev.2.03 R nS 209
Jun 29, 2012 ENES



78K0/Fx2-L CHAPTER 6 16-BIT TIMERS X0 AND X1

6.6 Interlocking Function with Comparator or INTPO

16-hit timers X0 and X1 can control PWM waveforms by interlocking with the output of comparators 0 to 2 or the INTPO
input signal, without involving the CPU.
TMXO0 and TMX1, comparators 0 to 2, and INTPO can be combined as follows.

e 16-bit timer X0 (TMXO0-only operation mode, synchronous start modeN"‘e): CMPO, CMP1, CMP2, INTPO
e 16-bit timer X1 (TMX1-only operation mode, synchronous start mode)Nme: CMPO, CMP1
e 16-hit timers X0 and X1 (synchronous start/clear mode)"°*: CMP2, INTPO

Note Available only in 78K0/FB2-L

Figure 6-43. Block Diagram of 16-bit Timer X0 Output Configuration

TOH1
(from TMH1) Output latch
(P31) PM31

Notel
TOTX0CO Level Output gate TOX00/P3L
TOTX0C1 controller control circuit

i Output latch
(P32) PM32

Notel L
TOTX0C2
Level Output gate © TOX01/P32
TOTX0C3 controller control circuit
Note2
Mode
selector Comparator O output
Notezf;
. | ianal Timer clear L Mode
Timer counter clear signal -— controller selector Comparator 1 output
Notez*;f
Mode Comparator 2 output
) . selector
Capture trigger signal INTPO
INTTMXO 4;

Notes 1. Timer output is controlled by the level controller according to the value of the compare register and the
mode selector output.
2. Resetting timer output (interlocking modes 1 and 3) and clearing the timer counter (interlocking modes 1
and 2) are controlled by the mode selector according to the comparator output or INTPO input.
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Figure 6-44. Block Diagram of 16-Bit Timer X1 Output Configuration (78K0/FB2-L only)

Output latch
Notel (P33) Pu3s
TOTX1CO Level LD_S_@ TOX10/P33
TOTX1C1 controller
Output latch
+— pp34 PM34
Notel ( )
TOTX1C2 Level LDS_@ TOX11/P34
TOTX1C3 controller
Note2
— Mode
selector Comparator O output
) . Timer clear ‘ f;
Timer counter clear signal=——{  -qntoller Note2
| Mode Comparator 1 output
Capture trigger signal selector p p

INTTMX1 Ai

Figure 6-45. Block Diagram of 16-Bit Timers X0 and X1 Output Configuration (78K0/FB2-L only)

TOH1

(from TMH1)
Notel |Output latch (P31)| |PM31|
TOTX0CO
Level Output gate ) OIS Toxoorat
TOTX0C1 controller control circuit
orer | — [output latch (P32)| | Pm32 |
TOTX0C2 Level Output gate D >’ © TOX01/P32
TOTX0C3 controller control circuit
Nmel* * |Output latch (P33)| |PM33|
TOTX1CO
Level Output gate ) OIS Tox1o/p33
TOTX1C1 controller control circuit
oo | * [output latch (P34)| [PMm34 |
TOTX1C2 g
Level Output gate ) > > o TOX11/P34
TOTX1C3 controller control circuit
|
Note2
) . Timer clear
Timer counter clear signal controller Mode Comparator 2 output
selector
Capture trigger signal INTPO
|NTTMX04T
INTTMX1

Notes 1. Timer output is controlled by the level controller according to the value of the compare register and the
mode selector output.
2. Resetting timer output (interlocking modes 1 and 3) and clearing the timer counter (interlocking modes 1

and 2) are controlled by the mode selector according to the comparator output or INTPO input.
The modes controlled by comparator output or external interrupt input (INTPO) are described below.
(1) Interlocking mode 1 (timer reset mode)

This mode sets the output of the corresponding timer to the reset state while the output of comparators 0 to 2 or
INTPO input is at high level, and restarts the timer when the detection signal is stopped.
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Figure 6-46 Example of Register Settings for Interlocking Mode 1 (Timer Reset Mode)

e Using CMP2 and INTPO as triggers

TXOCTL3 | 0 ‘ 0 ‘ 0 ‘

]

T

Uses CMP?2 as trigger

Uses INTPO as trigger

Remark When interlocking the timers with either CMP2 or INTPO, set all bits of CMP2 or INTPO, whichever is

not used, to 0.

e Using CMPO and CMP1 as triggers

TXOCMP1RP TXOCMPORP

TXOCTL4 | 0 ‘ 0/1 ‘

Uses CMPO as trigger
TXOCMPORP = 0: Interlocks with TMXO0
TXOCMPORP = 1: Interlocks with TMX1

Uses CMP1 as trigger
TXOCMP1RP = 0: Interlocks with TMX0
TXOCMP1RP = 1: Interlocks with TMX1

Remark When interlocking the timers with either CMPO or CMP1, set all bits of CMPO or CMP1, whichever is

not used, to 0.

Figure 6-47 Timing of Interlocking Mode 1 (Timer Reset Mode)

FFFFH

Digfff”;;P

16-bit timer counter Xn =T

/

0000H

D3

Dqtfzf”;:;7

16-bit timer X0 compare

buffer register 0 Do

16-bit timer X0 compare

buffer register 1 D1

16-bit timer X0 compare

buffer register 2 D2

16-bit timer X0 compare
buffer register 3

TOXnO pin output

(TXnTOLO = 0)

TOXn1 pin output
(TXnTOL1 = 0)

Comparator output or

INTPO input

n=0 :78K0/FA2-L
n=0,1:78K0/FB2-L

Remark
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(2) Interlocking mode 2 (timer restart mode)
This mode restarts the corresponding timer when the rising edge of the comparators 0 to 2 outputs or the INTPO
input is detected.

Figure 6-48 Example of Register Settings for Interlocking Mode 2 (Timer Restart Mode)

e Using CMP2 and INTPO as triggers

TXOCTL3 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 |

Uses CMP?2 as trigger

Uses INTPO as trigger

Remark When interlocking the timers with either CMP2 or INTPO, set all bits of CMP2 or INTPO, whichever is
not used, to 0.

e Using CMPO and CMP1 as triggers

TXOCMP1RP TXOCMPORP

TXOCTL4 | 0 ‘ 0 ‘ 0/1 ‘ 1 ‘ 0 ‘ 0/1 ‘ 1 ‘ 0 |

— Uses CMPO as trigger
TXOCMPORP = 0: Interlocks with TMXO0
TXOCMPORP = 1: Interlocks with TMX1

Uses CMPL1 as trigger
TXOCMP1RP = 0: Interlocks with TMXO0
TXOCMP1RP = 1: Interlocks with TMX1

Remark When interlocking the timers with either CMPO or CMP1, set all bits of CMPO or CMP1, whichever is
not used, to 0.
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Figure 6-49 Timing of Interlocking Mode 2 (Timer Restart Mode)

FFFFH

16-bit timer counter Xn

0000H

o_— |

D3
DZ/

D1__—=

Dqgfzf”;:;7

o_— |

16-bit timer X0 compare
buffer register 0

16-bit timer X0 compare
buffer register 1

D1

16-bit timer X0 compare
buffer register 2

D2

16-bit timer X0 compare
buffer register 3

Ds

TOXnO0 pin output
(TXnTOLO = 0)

TOXn1 pin output

(TXnTOL1 = 0)

Comparator output or
INTPO input

Remark n=0 :78K0O/FA2-L
n=0,1:78K0/FB2-L
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(3) Interlocking mode 3 (timer output reset mode)
This mode sets the output of the corresponding timer to the reset state from when the rising edge of the
comparators 0 to 2 outputs or the INTPO input is detected until the next interrupt is generated.
Caution Do not set to interlocking mode 3 when in TMX0 and TMX1 synchronous start/clear mode.

Figure 6-50 Example of Register Settings for Interlocking Mode 3 (Timer Output Reset Mode)

e Using CMP2 and INTPO as triggers

mocs [ 0 | o | o | o [ 1 ] 1+ | 1 | 1]

Uses CMP2 as trigger

Uses INTPO as trigger

Remark When interlocking the timers with either CMP2 or INTPO, set all bits of CMP2 or INTPO, whichever is
not used, to 0.

e Using CMPO and CMP1 as triggers

TXOCMP1RP TXOCMPORP

TXOCTL4 | 0 ‘ 0 ‘ 0/1 ‘ 1 ‘ 1 ‘ 0/1 ‘ 1 ‘ 1 |

— Uses CMPO as trigger
TXOCMPORP = 0: Interlocks with TMX0
TXOCMPORP = 1: Interlocks with TMX1

Uses CMP1 as trigger
TXOCMP1RP = 0: Interlocks with TMXO0
TXOCMP1RP = 1: Interlocks with TMX1

Remark When interlocking the timers with either CMPO or CMP1, set all bits of CMPO or CMP1, whichever is
not used, to 0.
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Figure 6-51 Timing of Interlocking Mode 3 (Timer Output Reset Mode)

FFFFH

16-bit timer counter Xn

0000H

D3
D/
- D1

_— |

— D3
Dz/

Do

/

—1 D3
Dz/

16-bit timer X0 compare
buffer register 0

16-bit timer X0 compare
buffer register 1

D1

16-bit timer X0 compare
buffer register 2

D2

16-bit timer X0 compare
buffer register 3

Ds

TOXnO pin output
(TXnTOLO=0) ———

TOXn1 pin output
(TXnTOL1 =0)

Reset —»

Comparator output or

— 1

|
| Reset —»
|
I
|

INTPO input

Remark n=0 :78K0O/FA2-L
n=0,1:78K0/FB2-L
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(4) Priority when multiple interlocking modes occur

If multiple interlocking modes have been specified for TMX0 or TMX1, the priority order is as follows:

Interlocking mode 1 > Interlocking mode 2 > Interlocking mode 3

(a) Priority of interlocking modes 1 and 2

If interlocking modes 1 and 2 occur at the same time, or if interlocking mode 2 occur while the timer is being

reset in interlocking mode 1, interlocking mode 1 has priority and interlocking mode 2 is invalid.

Figure 6-52. Priority When Interlocking Mode 1 Conflicts with Interlocking Mode 2

FFFFH —
DZ/ Dz,z Dzé
16-bit timer counter Xn Di_—"] Count Di__~T |count D1_~—~
Do~ D152, Dy | dear | by
0000H ‘ ‘ ‘
| |
| Timer | | Timer |
TOXnO pin output output }Oruetggtt :
(TXnTOLO = 0) ‘ ‘
| I ! !
| Timer | | Timer |
TOXn1 pin output ! Oruetg:tt | ] Oruetg:tt !
(TXnTOL1 = 0) ‘ | —

INTTMXn signal

Comparator output or
INTPO input

(Interlocking mode 1)

Comparator output or
INTPO input

(Interlocking mode 2)

n=0 :78KO0/FA2-L
n=0,1:78K0/FB2-L

Remark

Interlocking mode 1 has priority
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(b) Priority of interlocking modes 1 and 3
If interlocking modes 1 and 3 occur at the same time, or if interlocking mode 3 occur while the timer is being
reset in interlocking mode 1, interlocking mode 1 has priority and interlocking mode 3 is invalid.

Figure 6-53. Priority When Interlocking Mode 1 Conflicts with Interlocking Mode 3

FFFFH —Ds
D2/ D2 D2
16-bit timer counter Xn Di_—"] Count D1 /’Z Count DL~
DOZ Do clear ' Do clear QZ
0000H i f :
| |
| Timer ! | Timer |
. output
TOXnO pin output Ofésp:tt ! | reset
(TXnTOLO = 0) ‘ i
| | ! !
:Timer ! | Timer |
. tput tput
TOXn1 pin output ;Or%s‘,’é’t | %é’é’t |
(TXnTOL1 = 0) h— —
L o
| | !
INTTMXn signal ! ! ! |

| 1
Comparator output or ‘
INTPO input
(Interlocking mode 1) i I ‘
|
Comparator output or ‘ | | !
INTPO input ﬂ l ! ﬂ ‘
(Interlocking mode 3) \/& T \

Interlocking mode 1 has priority

(c) Priority of interlocking modes 2 and 3
If interlocking modes 2 and 3 occur at the same time, interlocking mode 2 has priority and interlocking
mode 3 is invalid.

Figure 6-54. Priority When Interlocking Mode 2 Conflicts with Interlocking Mode 3

FFFFH —5.
o Dz/ Count D2 Count D2__
16-bit timer counter Xn DL— restart D1 . | restart DL_—~
DOZ Do D077 Count Do
0000H 47 continue
| |
: :Timer
TOXnO pin output ‘0:’9‘2;‘{
(TXnTOLO = 0) —
\ | |
Timer | Timer
TOXn1 pin output output output
|- reset reset

|
|
|
(TXnTOL1 = 0) ;
|
|
|
|

INTTMXn signal

Comparator output or
INTPO input
(Interlocking mode 2)

Comparator output or
INTPO input
(Interlocking mode 3)

10
=

Interlocking mode 2 has priority

If interlocking mode 2 is triggered by the detection of an edge while the timer
is being reset in interlocking mode 3, interlocking mode 2 is valid.

Remark n=0 :78K0O/FA2-L
n=0,1:78K0/FB2-L
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6.7 High-Impedance Output Control Function
The high-impedance output control function changes the outputs of 16-bit timers X0 and X1 to a high-impedance state
at the generation of an external interrupt input (INTPO) or comparator output (INTCMPO to INTCMP2) and executes

functions such as the PWM output emergency stop function.

6.7.1 Configuration of high-impedance output controller
The high-impedance output control circuit includes the following hardware.

Table 6-4. Configuration of High-Impedance Output Controller

Iltem Configuration

Control registers High-impedance output function enable register (HIZTREN)
High-impedance output mode select register (HIZTRS)
High-impedance output function control register 0 (HZAOCTLO)

Figure 6-55 Block Diagram of High-Impedance Output Controller

TMXO © P31/TOX00
TMX1
© P32/TOX01
D,
© P33/TOX10
O
INTPO —— 5 .-
Comparator 0 output —={ 5 High-impedance Output [—
Comparator 1 output ° output decoder © P34/TOX11
Comparator 2 output —=| & controller
Output latch
ﬁ‘j P34
HIZ HZAO| HZAO | HZAO| HZAO | HZAO | HZAO | HZAO HIZ | HIZ | HIZ | HIZ | HIZ | HIZ
TRENO DCEO|DCMO0| DCNO| DCPO| DCTO0|DCCO | DCFO TRS1|TRSO| PTS3| PTS2| PTS1|PTSO
High-impedance output High-impedance output High-impedance output
function enable register function enable register mode select register
(HIZTREN) (HZAOCTLO) (HIZTRS)
Internal bus g
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6.7.2 Registers controlling high-impedance output controller
Registers used to control the high-impedance output controller are shown below.

¢ High-impedance output function enable register (HIZTREN)
¢ High-impedance output mode select register (HIZTRS)

¢ High-impedance output function control register 0 (HZAOCTLO)

(1) High-impedance output function enable register (HIZTREN)

HIZTREN is a register that enables/disables the input of the trigger signal used for controlling high-impedance output.

HIZTREN can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears HIZTREN to 0O0H.

Figure 6-56 Format of High-Impedance Output Function Enable Register (HIZTREN)

Address: FF6EH After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1
HIZTREN HIZTRENO 0 0 0 0 0 0
HIZTRENO Input control of trigger signal used for high-impedance output control
0 Disables input
1 Enables input
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(2) High-impedance output mode select register (HIZTRS)

HIZTRS is a register that selects the signal to be used as the high-impedance control trigger and the pin to be set to

the high-impedance output state.

HIZTRS can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears HIZTRS to O0H.

Figure 6-57 Format of High-Impedance Output Mode Select Register (HIZTRS)

Address: FF6FH After reset: O0H R/W
Symbol <7> <6> 5 4 <3> <2> <1> <0>
HIZTRS HIZTRS1 HIZTRSO 0 0 HIZPTS3NOt HIZPTSZNOt HIZPTS1 HIZPTSO
e e

HIZTRS1 HIZTRSO Selection of signal to be used as trigger
0 0 INTPO
0 1 Comparator 0 output
1 0 Comparator 1 output
1 1 Comparator 2 output

HIizPTS3V'*® P34/TOX11 pin control
0 Normal output
1 Can be used as high-impedance output
HIZPTS2"'® P33/TOX10 pin control

0 Normal output
1 Can be used as high-impedance output

HIZPTS1 P32/TOX01 pin control
0 Normal output
1 Can be used as high-impedance output

HIZPTSO P31/TOX00 pin control
0 Normal output
1 Can be used as high-impedance output

Note 78KO/FB2-L only.
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(3) High-impedance output function control register 0 (HZAOCTLDO)
HZAOCTLO is a register that controls the high-impedance state of the output buffers.
HZAOCTLO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears HZAOCTLO to 00H.

Figure 6-58 Format of High-Impedance Output Function Control Register 0 (HZAOCTLO) (1/2)

Address: FF78H  Afterreset: 00H  R/w"°®!

Symbol <7> <6> <5> <4> <3> <2> 1 <0>
HZAOCTLO | HZAODCEO | HZAODCMO | HZAODCNO | HZAODCPO | HZAODCTO | HZAODCCO 0 HZAODCFO
HZAODCEO High-impedance output control
0 Disables high-impedance output control operation. Output of target pin can be performed.
1 Enables high-impedance output control operation
HZAODCMO Condition of releasing high-impedance state by HZAODCCO bit
Note 2
0 HZAODCCO bit setting is valid regardless of signal to be used.
1 HZAODCCO bit setting is invalid while signal to be used holds abnormal detection level (active level).
HZAODCNO | HZAODCPO Valid-edge specification during high-impedance control"****
Note 2 Note 2
0 0 No valid edge (disables setting (1) HZAODCFO bit by INTPO or comparator output).
0 1 Enables rising edge of signal to be used (abnormal detection at rising edge).
1 0 Enables falling edge of signal to be used (abnormal detection at falling edge).
1 1 Setting prohibited

Notes 1. BitOisread only.

2. The HZAODCMO, HZAODCNO, and HZAODCPO bits should be rewritten when HZAODCEO = 0.

3. For the valid edge for INTPO, and INTCMPO to INTCMP2, see 18.3 (5) External interrupt rising edge
enable registers 0, 1 (EGPCTLO, EGPCTL1), external interrupt falling edge enable registers 0, 1
(EGNCTLO, EGNCTL1).

4. High-impedance output control will be performed if a valid edge is detected after the high-impedance output
control operation is enabled (HZAODCEOQ = 1). Consequently, if the trigger signal to be used is at the active
level when the operation is enabled, high-impedance output control will not be performed.
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Figure 6-58 Format of High-Impedance Output Function Control Register 0 (HZAOCTLO) (2/2)

HZAODCTO High-impedance output trigger bit
Notes 1to 4
0 Does not operate.
1 Sets target pin to high-impedance output state and sets (1) HZAODCFO bit.
HZAODCCO High-impedance output control clear bit
Notes 2to 6
0 Does not operate.
1 Enables output of target pin and clears (0) HZAODCFO bit.
HZAODCFO High-impedance output state flag
0 Output of target pin is enabled.
e Clears (0) when HZAODCEOQ = 0.
e Clears (0) when HZAODCCO = 1.
1 Target pin is in high-impedance output state.

e Sets (1) when HZAODCTO = 1.

» Sets (1) when edge indicating abnormality is detected from trigger signal (when valid edge set by
HZAODCNO and HZAODCPO bits is detected).

Notes 1.

a kr wDn

This is invalid even if the HZAODCTO bit is set (1), when an edge indicating an abnormality is detected from
the trigger signal to be used (when the valid edge set by the HZAODCNO and HZAODCPO bits is detected).
This is invalid even if the HZAODCTO and HZAODCCO bits are set (1) when HZAODCEO = 0.
0 is read from the HZAODCTO and HZAODCCO bits.

Do not simultaneously set the HZAODCTO and HZAODCCO bits to 1.

If the HZAODCCO bit is set (1) when HZAODCMO = 0, the high-impedance output state of the target pin will
be released regardless of the signal to be used as the trigger.

This is invalid even if the HZAODCCO bit is set (1), when an edge indicating an abnormality is detected from
the signal to be used as the trigger (when the valid edge set by the HZAODCNO and HZAODCPO bits is
detected) when HZAODCMO = 1.
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6.7.3 High-impedance output control circuit setting procedure

(1) Transitioning to the high-impedance output state by detecting the valid edge of the INPTO input or the output
of comparators 0to 2

<1>

<2>

<3>

<4>

Set the HIZTRS1, HSTRSO, and HIZPTS3 to HIZPTSO bits (select the trigger source and the high-impedance
target pin).

Set the HZAODCMO, HZAODCNO, and HZAODCPO bits (select the high-impedance state release condition and
valid edge).

Set (1) the HIZTRENO bit (enable the input of the trigger signal).

Set (1) the HZAODCEDQO bit (enable the high-impedance output control operation).

(2) Changing the settings after enabling the high-impedance output control operation

<1>
<2>

<3>

<4>

<5>

<6>

Clear (0) the HZAODCEDQO bit (disable the high-impedance output control operation).

Clear (0) the HIZTRENO bit (disable the input of the trigger signal).

Change the HIZTRS1, HSTRSO, and HIZPTS3 to HIZPTSO bits (change the trigger source and high-
impedance target pin).

Set the HZAODCMO0, HZAODCNO, and HZAODCPO bits (select the high-impedance state release condition and
valid edge).

Set (1) the HIZTRENO bit (re-enable the input of the trigger signal).

Set (1) the HZAODCEQO bit (re-enable the high-impedance output control operation).

(3) Restarting output while a pin is in the high-impedance output state

The impedance output state can be released only when the valid edge of the trigger to be used is detected when
HZAODCMO = 1 and the HZAODCCO bit is set (1) after the trigger signal is set to the inactive level.

When HZAODCMO = 0, the impedance output state is released when the HZAODCCO bit is set (1), regardless of the
level of the trigger signal.

(a) HZAODCMO = 1
<1> Set (1) the HZAODCCO bit (generate the instruction signal releasing the high-impedance state).
<2> Read the HZAODCFO bit and check the flag status.
<3> If HZAODCFO = 1, return to operation <1>. The level of the trigger signal must be checked.

If HZAODCFO = 0, pin output can be performed.

(b) HZAODCMO =0

Set (1) the HZAODCCO bit (the instruction signal releasing the high-impedance state is generated -> pin output
can be performed).

Caution If the trigger signal is at the inactive level and the timing of setting (1) the HZAODCCO bit and the
timing at which the valid edge of the trigger signal is detected match, setting (1) the HZAODCCO bit
may be given precedence.
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(4) Transitioning to the high-impedance output state by using the HZAODCTO bit
To set the pin to the high-impedance output state by using the HZAODCTO bit, the HZAODCTO bit must be set (1)
while the trigger signal is in the inactive-level state. When not using the trigger signal (HZAODCNO = HZAODCPO = 0),
however, the high-impedance output state can be entered by setting (1) the HZAODCTO bit.

(a) HZAODCNO = 0 and HZAODCPO = 1, or HZAODCNO = 1 and HZAODCPO =0
<1> Set (1) the HZAODCTO bit (generate the high-impedance output instruction signal).
<2> Read the HZAODCFO bit and check the flag status.
<3> |If HZAODCFO = 1, return to operation <1>. The level of the trigger signal must be checked.
If HZAODCFO = 0, the high-impedance output state is entered.

(b) HZAODCNO = HZAODCPO =0
e Set (1) the HZAODCTO bit (the high-impedance output instruction signal is generated -> the high-impedance
output state is entered).
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER 00

7.1 Functions of 16-bit Timer/Event Counter 00

16-hit timer/event counter 00 is mounted onto all 78K0/Fx2-L microcontroller products.
16-bit timer/event counter 00 has the following functions.

(1) Interval timer
16-bit timer/event counter 00 generates an interrupt request at the preset time interval.

(2) Square-wave output
16-bit timer/event counter 00 can output a square wave with any selected frequency.

(3) External event counter
16-bit timer/event counter 00 can measure the number of pulses of an externally input signal.

(4) One-shot pulse output
16-bit timer event counter 00 can output a one-shot pulse whose output pulse width can be set freely.

(5) PPG output
16-bit timer/event counter 00 can output a rectangular wave whose frequency and output pulse width can be set freely.

(6) Pulse width measurement
16-bit timer/event counter 00 can measure the pulse width of an externally input signal.
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7.2 Configuration of 16-bit Timer/Event Counter 00

16-hit timer/event counter 00 includes the following hardware.

Table 7-

1. Configuration of 16-bit Timer/Event Counter 00

Item

Configuration

Time/counter

16-bit timer counter 00 (TM0O)

Register

16-bit timer capture/compare registers 000, 010 (CR000, CR010)

Timer input

TIO0O, TI010

Timer output

TOO00, output controller

Control registers

16-bit timer mode control register 00 (TMCO00)

Capture/compare control register 00 (CRC00)
16-bit timer output control register 00 (TOCO00)
Prescaler mode register 00 (PRMO00)

Port alternate switch control register (MUXSEL)
Port mode register 0 (PMO0)

Port register 0 (P0)

Note

Note 78KO/FB2-L only.
Figure 7-1 shows a block diagram.

Figure 7-1. Block Diagram of 16-bit Timer/Event Counter 00

5

§

Internal bus

Capture/compare control
register 00 (CRCO00)
]
To CRO10 8 INTTMOOO
<7
Noise r% 16-bit timer capture/compare 2
TI010/TO00/P01 ©——elimi- 3 register 000 (CR0O00)
nator 2]
u Match
fers ﬁ
fers/22 g ——
fors/28 2 16-bit timer counter 00
e 3 (TM00) [Clear Outout | TOO00 output
p TOO00/TI010/
L controller PO
Noise Match
fers —=1 elimi- | 12
nator
r Noise 16-bit timer capture/compare
TI000/P00 © elmi- 171 register 010 (CRO10)
%|g‘ * INTTMO010
3
CRC002 —
[rmcoosfrmconziTmeootovFoo] [ospToojospenofrocoodLvson[LvroofrocoolToEw0]
16-bit timer mode 16-bit timer output
Pre_scaler mode control register 00 control register 00
register 00 (PRMOO) 1y Y (TMCO0) (TOCO00)
S Internal bus
Remarks 1. 78KO0/FY2-L, 78KO0/FA2-L: TIO00/INTPO/PQO, TI010/TO00/PO1
78KO/FB2-L: TIO00/INTPO/POO0, TI010/TO00/P01, <TI000>/P121/X1/TOOLCO/<INTPO>
2.

Functions in angle brackets < > in Remark 1 can be assigned by setting the input switch control
register (MUXSEL).
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Cautions 1. The valid edge of TI010 and timer output (TO00) cannot be used for the PO1 pin at the same time.

Select either of the functions.

2. If clearing of bits 3 and 2 (TMCO003 and TMCO002) of 16-bit timer mode control register 00 (TMCO00)
to 00 and input of the capture trigger conflict, then the captured data is undefined.

3. To change the mode from the capture mode to the comparison mode, first clear the TMC003 and
TMCO002 bits to 00, and then change the setting.
A value that has been once captured remains stored in CR000 unless the device is reset. If the
mode has been changed to the comparison mode, be sure to set a comparison value.

(1) 16-bit timer counter 00 (TMOQO)
TMOO is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 7-2. Format of 16-bit Timer Counter 00 (TM0O)

Address: FF10H, FF11H After reset: 0000H R

FF11H FF10H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

oo | | [ TP

The count value of TMOO can be read by reading TM0OO when the value of bits 3 and 2 (TMC003 and TMC002) of 16-
bit timer mode control register 00 (TMCQO) is other than 00. The value of TM0O is 0000H if it is read when TMCO003
and TMCO002 = 00.

The count value is reset to 0000H in the following cases.

o At reset signal generation

If TMC003 and TMCO002 are cleared to 00

o If the valid edge of the TI000 pin is input in the mode in which the clear & start occurs when inputting the valid edge
to the TI000 pin

¢ |f TMOO and CR0O00 match in the mode in which the clear & start occurs when TM00 and CR000 match

e OSPTOO is set to 1 in one-shot pulse output mode or the valid edge is input to the TI000 pin

Caution Even if TMOO is read, the value is not captured by CRO010.
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(2) 16-bit timer capture/compare register 000 (CR000), 16-bit timer capture/compare register 010 (CR010)
CRO000 and CRO010 are 16-bit registers that are used with a capture function or comparison function selected by using
CRCO00.
Change the value of CR000 while the timer is stopped (TMC003 and TMCO002 = 00).
The value of CR010 can be changed during operation if the value has been set in a specific way. For details, refer to
7.5.1 Rewriting CR010 during TMOO operation.
These registers can be read or written in 16-bit units.
Reset signal generation clears these registers to 0000H.

Figure 7-3. Format of 16-bit Timer Capture/Compare Register 000 (CR000)

Address: FF12H, FF13H After reset: 0000H R/IW
FF13H FF12H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
koo | | [ [ [ PP

(i) When CRO000 is used as a compare register
The value set in CRO0O0 is constantly compared with the TM0O count value, and an interrupt request signal
(INTTMOO0O) is generated if they match. The value is held until CR0OOO is rewritten.

Caution CRO000 does not perform the capture operation when it is set in the comparison mode, even if a
capture trigger is input to it.

(i) When CRO0O00 is used as a capture register
The count value of TMOO is captured to CRO00 when a capture trigger is input.
As the capture trigger, an edge of a phase reverse to that of the TI000 pin or the valid edge of the TI010 pin can
be selected by using CRC00 or PRMOO.
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0]

Figure 7-4. Format of 16-bit Timer Capture/Compare Register 010 (CR010)

Address: FF14H, FF15H After reset: 0000H R/IW

FF15H FF14H

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
oo | [ | [ [ [ | [ [ [ [ [ ] [ [ |

When CRO010 is used as a compare register
The value set in CR010 is constantly compared with the TM0O count value, and an interrupt request signal
(INTTMO10) is generated if they match.

Caution CRO010 does not perform the capture operation when it is set in the comparison mode, even if a
capture trigger is input to it.

(i) When CRO010 is used as a capture register

The count value of TMOO is captured to CR010 when a capture trigger is input.
It is possible to select the valid edge of the TIO00 pin as the capture trigger. The TI000 pin valid edge is set by
PRMO0O.

(iii) Setting range when CR000 or CR010 is used as a compare register

When CR0O00 or CR010 is used as a compare register, set it as shown below.

Operation CRO000 Register Setting Range CRO010 Register Setting Range

Operation as interval timer

0000H < N < FFFFH 0000H""*® < M < FFFFH

Normally, this setting is not used.

Operation as square-wave output

Operation as external event counter

Mask the match interrupt signal
(INTTMO010).

Operation in the clear & start mode
entered by TI000 pin valid edge input

Operation as free-running timer

0000H"""® < N < FFFFH

0000H"""® < M < FFFFH

Operation as PPG output

M <N < FFFFH

0000H™™© <M < N

Operation as one-shot pulse output

0000H""® < N < FFFFH (N = M)

0000H"°"® < M < FFFFH (M # N)

Note When 0000H is set, a match interrupt immediately after the timer operation does not occur and timer output is

not changed, and the first match timing is as follows. A match interrupt occurs at the timing when the timer
counter (TMOO register) is changed from 0000H to 0001H.
¢ When the timer counter is cleared due to overflow

e When the timer counter is cleared due to TI000 pin valid edge (when clear & start mode is entered by TIO00

pin valid edge input)

e When the timer counter is cleared due to compare match (when clear & start mode is entered by match
between TM00 and CR000 (CR0O0O0 = other than 0000H, CR010 = 0000H))
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Timer counter clear —

TMOO register

Compare register set value

(O000H)
. ) .. Operation Operation enabled
Timer operation enable bit  §isapled (00
(TMC003, TMC002) (00) (other than 00)
Interrupt request signal _|
Interrupt signal Interrupt signal
is not generated is generated

Remarks 1. N: CROOO register set value, M: CRO010 register set value

2. For details of the operation enable bits (bits 3 and 2 (TMCO003 and TMCO002)), refer to 7.3 (1) 16-bit timer

mode control register 00 (TMCO00).
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Table 7-2. Capture Operation of CR000 and CR010

External Input
Signal TI000 Pin Input | | ‘ | TI010 Pin Input | | | |
Capture '
Operation
Capture operation of | CRC001 =1 Set values of ES010 and | CRCO001 bit=0 Set values of ES110 and
CR000 TI00O0 pin input ES000 TI010 pin input ES100
(reverse phase) Position of edge to be Position of edge to be
captured captured
01: Rising | | | | 01: Rising
00: Falling 00: Falling
11: Both edges 11: Both edges
(cannot be captured) | t I 1
Interrupt signal INTTMOOO signal is not Interrupt signal INTTMOOO signal is
generated even if value generated each time
is captured. value is captured.
Capture operation of | TI000 pin input™°* Set values of ES010 and
CR010 ES000

Position of edge to be

I—I _I_ captured
‘ 01: Rising

-

00: Falling

-
7

11: Both edges

1

Interrupt signal INTTMO10 signal is
generated each time
value is captured.

=

Note The capture operation of CR010 is not affected by the setting of the CRCO001 bit.

Caution To capture the count value of the TMOO register to the CR0O0O register by using the phase reverse to
that input to the TIO0O0 pin, the interrupt request signal (INTTMO0OO) is not generated after the value
has been captured. If the valid edge is detected on the TI010 pin during this operation, the capture
operation is not performed but the INTTMOOO signal is generated as an external interrupt signal. To
not use the external interrupt, mask the INTTMOOO signal.

Remark CRCO001: Refer to 7.3 (2) Capture/compare control register 00 (CRCO00).
ES101 ES100, ES001 ES000: Refer to 7.3 (4) Prescaler mode register 00 (PRM00).
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7.3 Registers Controlling 16-bit Timer/Event Counter 00
Registers used to control 16-bit timer/event counter 00 are shown below.

e 16-bit timer mode control register 00 (TMCO00)
e Capture/compare control register 00 (CRC00)

e 16-bit timer output control register 00 (TOCO00)
e Prescaler mode register 00 (PRM00)

e Port alternate switch control register (MUXSEL)
e Port mode register 0 (PMO)

e Port register 0 (P0O)

Note

Note 78KO/FB2-L only.

(1) 16-bit timer mode control register 00 (TMCOO)
TMCO0O is an 8-bit register that sets the 16-bit timer/event counter 00 operation mode, TMOO clear mode, and output
timing, and detects an overflow.
Rewriting TMCOO is prohibited during operation (when TMC003 and TMC002 = other than 00). However, it can be
changed when TMCO003 and TMCO002 are cleared to 00 (stopping operation) and when OVFOQO is cleared to 0.
TMCOO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TMCO0O to 00H.

Caution 16-bit timer/event counter 00 starts operation at the moment TMC003 and TMCO002 are set to values
other than 00 (operation stop mode), respectively. Set TMC003 and TMCO002 to 00 to stop the
operation.
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Figure 7-5. Format of 16-bit Timer Mode Control Register 00 (TMCOO0)

Address: FFBAH After reset: 00H R/IW

Symbol 7 6 5 4 3 2 1 <0>
TMCO0 0 0 0 0 TMCO003 TMC002 TMCO001 OVF00
TMCO003 TMC002 Operation enable of 16-bit timer/event counter 00
0 0 Disables 16-bit timer/event counter 00 operation. Stops supplying operating clock.

Clears 16-bit timer counter 00 (TMO00).

0 1 Free-running timer mode

1 0 Clear & start mode entered by TI000 pin valid edge input"**®

1 1 Clear & start mode entered upon a match between TMOO and CR0O00
TMCO001 Condition to reverse timer output (TOO00)

0 e Match between TMOO and CR0O00 or match between TMOO and CR010

1 e Match between TMOO and CR0O00 or match between TMOO and CR010

o Trigger input of TI000 pin valid edge

OVF00 TMOO overflow flag

Clear (0) Clears OVF00 to 0 or TMC003 and TMC002 = 00

Set (1) Overflow occurs.

OVFOO is set to 1 when the value of TMOO changes from FFFFH to 0000H in all the operation modes (free-running
timer mode, clear & start mode entered by TI000 pin valid edge input, and clear & start mode entered upon a match
between TMOO and CR00Q0).

It can also be set to 1 by writing 1 to OVFO0O0.

Note The TIO00 pin valid edge is set by bits 5 and 4 (ES010, ES000) of prescaler mode register 00
(PRMOO).

(2) Capture/compare control register 00 (CRCO00)
CRCOO is the register that controls the operation of CRO00 and CR010.
Changing the value of CRCOO is prohibited during operation (when TMC003 and TMCO002 = other than 00).
CRCOO0 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears CRCO00 to 00H.
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Figure 7-6. Format of Capture/Compare Control Register 00 (CRC00)

Address: FFBCH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 CRC002 CRCO001 CRCO000
CRCO002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRC001 CROO0O capture trigger selection
0 Captures on valid edge of T1010 pin
1 Captures on valid edge of TI000 pin by reverse phase™'
The valid edge of the TI010 and TI000 pin is set by PRMOO.
If ES010 and ES000 are set to 11 (both edges) when CRCO001 is 1, the valid edge of the TI000 pin cannot
be detected.
CRCO000 CRO000 operating mode selection
0 Operates as compare register
1 Operates as capture register
If TMCO003 and TMCO002 are set to 11 (clear & start mode entered upon a match between TM0O0 and
CRO000), be sure to set CRC000 to 0.
Note When the valid edge is detected from the TI010 pin, the capture operation is not performed but the
INTTMOOQO signal is generated as an external interrupt signal.
Caution To ensure that the capture operation is performed properly, the capture trigger requires
a pulse two cycles longer than the count clock selected by prescaler mode register 00
(PRMO0O).
Figure 7-7. Example of CR010 Capture Operation (When Rising Edge Is Specified)
Valid edge
v
Count clock _I | | | | | 4\ | |
1
™o f nN-3 f N-2 f n~N-1 f)/ N, f] N+1
)
TIO00 | ! |
Rising edge detection '
:
CRO010 Ind
INTTMO10 \‘l |
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(3) 16-bit timer output control register 00 (TOCO00)
TOCOO is an 8-bit register that controls the TOO0O output.
TOCOO0 can be rewritten while only OSPTO0O is operating (when TMC003 and TMCO002 = other than 00). Rewriting the
other bits is prohibited during operation.
However, TOC004 can be rewritten during timer operation as a means to rewrite CR010 (refer to 7.5.1 Rewriting
CRO010 during TMOO operation).
TOCO00 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TOCO0O0 to O0H.

Caution Be sure to set TOCO0O0 using the following procedure.
<1> Set TOC004 and TOCO001 to 1.
<2> Set only TOEOQO to 1.
<3> Set either of LVS00 or LVROO to 1.
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Figure 7-8. Format of 16-bit Timer Output Control Register 00 (TOCO00)

Address: FFBDH  After reset: 00H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO00 0 OSPTO0 OSPEOQ0 TOC004 LVSO00 LVR0O TOCO001 TOEOQO0
OSPT00 One-shot pulse output trigger via software
0 —
1 One-shot pulse output
The value of this bit is always “0” when it is read. Do not set this bit to 1 in a mode other than the one-
shot pulse output mode.
If itis set to 1, TMOO is cleared and started.
OSPEQO One-shot pulse output operation control
0 Successive pulse output
1 One-shot pulse output
One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by
TIO00 pin valid edge input.
The one-shot pulse cannot be output in the clear & start mode entered upon a match between TM00 and
CRO000.
TOC004 TOOO0 output control on match between CR010 and TM00
0 Disables inversion operation
1 Enables inversion operation
The interrupt signal (INTTMO010) is generated even when TOC004 = 0.
LVS00 LVROO Setting of TOO0O0 output status
0 0 No change
0 1 Initial value of TOO0O output is low level (TO00 output is cleared to 0).
1 0 Initial value of TOO0O output is high level (TO00 output is set to 1).
1 1 Setting prohibited
e LVS00 and LVROO can be used to set the initial value of the TO00 output level. If the initial value does
not have to be set, leave LVS00 and LVRO0O as 00.
e Be sure to set LVS00 and LVROO when TOEOO = 1.
LVSO00, LVRO00, and TOEOO being simultaneously set to 1 is prohibited.
e LVSO00 and LVROO are trigger bits. By setting these bits to 1, the initial value of the TO00 output level
can be set. Even if these bits are cleared to 0, TOO0O0 output is not affected.
e The values of LVS00 and LVROO are always 0 when they are read.
e For how to set LVS00 and LVROO, refer to 7.5.2 Setting LVS00 and LVROO.
e The actual TO00/TI010/P01 pin output is determined depending on PM01 and P01, besides TO00
output.
TOCO001 TOOO0 output control on match between CR000 and TM00
0 Disables inversion operation
1 Enables inversion operation
The interrupt signal (INTTMOOO) is generated even when TOCO001 = 0.
TOEOO TOOO0 output control
0 Disables output (TO0O0 output fixed to low level)
1 Enables output
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(4) Prescaler mode register 00 (PRMO0O)
PRMOO is the register that sets the TM0O count clock and TI0O00 and T1010 pin input valid edges.
Rewriting PRMOO is prohibited during operation (when TMC003 and TMC002 = other than 00).
PRMOO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears PRMOO to O0H.

Cautions 1. Do not apply the following setting when setting the PRM001 and PRMOQO bits to 11 (to specify

the valid edge of the TIO00 pin as a count clock).
e Clear & start mode entered by the TI000 pin valid edge
e Setting the TIO00 pin as a capture trigger

2. If the operation of the 16-bit timer/event counter 00 is enabled when the TI0O00 or TI010 pin is at
high level and when the valid edge of the TIO00 or TI010 pin is specified to be the rising edge or
both edges, the high level of the TI000 or TI010 pin is detected as a rising edge. Note this when
the TIO00 or TIO10 pin is pulled up. However, the rising edge is not detected when the timer
operation has been once stopped and then is enabled again.

3. The valid edge of TI010 and timer output (TO00) cannot be used for the P01 pin at the same time.
Select either of the functions.
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Figure 7-9. Format of Prescaler Mode Register 00 (PRMO00)

Address: FFBBH  After reset: OOH R/W

Symbol
PRMOO

7 6 5 4 3 2 1 0
ES110 ES100 ES010 ES000 0 0 PRMO001 PRMO000
ES110 ES100 TI010 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES010 ES000 TI000 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO001 | PRMO00O Count clock selection™'®*
frrs = 2 MHz frrs = 5 MHz frrs = 10 MHz | frrs = 20 MHz
0 0 fers 2 MHz 5 MHz 10 MHz 20 MHz
0 1 fers/2? 500 kHz 1.25 MHz 2.5 MHz 5 MHz
1 0 fers/2® | 7.81 kHz 19.53 kHz 39.06 kHz 78.13 kHz
1 1 TI000 valid edge™® %2
Notes 1. If the peripheral hardware clock (frrs) operates on the high-speed system clock (fxt) (XSEL =
1), the fers operating frequency varies depending on the supply voltage.
e Vpp=2.71t05.5V: frrs £ 10 MHz
e Vop=1.8102.7 V: frrs <5 MHz
2. The external clock from the TIO00 pin requires a pulse longer than twice the cycle of the
peripheral hardware clock (frrs).
3. Do not start timer operation with the external clock from the TIO00 pin when in the STOP

mode.

Remark fers: Peripheral hardware clock frequency
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(5) Port alternate switch control register (MUXSEL)"'®
This register assigns the pin function.
The timer input (T1000) function can be assigned to the P121 pin of the 78KO0/FB2-L.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears MUXSEL to O0H.

Note 78KO0/FB2-L only
Figure 7-10. Format of Port Alternate Switch Control Register (MUXSEL)

Address: FF39H  After reset: O0OH R/W

Symbol 7 <6> 5 <4> 3 2 1 0
MUXSEL 0 INTPOSELO 0 TMOOSELO 0 0 0 0
TMOOSELO 16-bit timer/event counter 00 input (T1000) pin assignment

0 (default)
1 P121/TI000

(6) Port mode register 0 (PMO)
This register sets port 0 input/output in 1-bit units.
When using the P0O1/TO00/TI010 pin for timer output, set PM01 and the output latches of P01 to 0.
When using the POO/TIO00/INTPO and P01/TI010/TOO00 pins for timer input, set PM0OO and PMO01 to 1. At this time,
the output latches of POO and PO1 may be 0 or 1.
PMO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PMO to FFH.

Remark When the timer input (TI000) function is assigned to the P121 pin by setting the input switch register
(MUXSEL), the port mode register and port register are not required to be set.

Figure 7-11. Format of Port Mode Register 0 (PMO)

Address: FF20H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMO 1 1 1 1 1 PMO02 PMO1 PMOO
PMONn POn pin I/O mode selection (n =0 to 2)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Remark The figure shown above presents the format of port mode register 0 of the 78K0/FB2-L. For the
format of port mode register O of other products, refer to (1) Port mode registers (PMxx) in
4.3 Registers Controlling Port Function.

RO1UHO068EJ0203 Rev.2.03 R NS 240
Jun 29, 2012 ENES



78K0/Fx2-L CHAPTER 7 16-BIT TIMER/EVENT COUNTER 00

7.4 Operation of 16-bit Timer/Event Counter 00

7.4.1 Interval timer operation
If bits 3 and 2 (TMCO003 and TMC002) of the 16-bit timer mode control register (TMCO0O0) are set to 11 (clear & start
mode entered upon a match between TMOO and CR000), the count operation is started in synchronization with the count

clock.
When the value of TMO0O later matches the value of CR0O00, TMOO is cleared to 0000H and a match interrupt signal

(INTTMOO0O) is generated. This INTTMOOO signal enables TMO0O to operate as an interval timer.

Remarks 1. For the setting of I/O pins, refer to 7.3 (6) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.

Figure 7-12. Block Diagram of Interval Timer Operation

Clear ¢—

Count clock r D— 16-bit counter (TMOO0)

{} Match signal .
INTTMOOO signal

Operable bits
TMCO003, TMCO002

CROO0O register

Figure 7-13. Basic Timing Example of Interval Timer Operation

N - N A N - N .
TMOO register
0000H
Operable bits
(TMC003, TMC002) 90 11
Compare register N
(CR000)
Compare match interrupt _| _| _| _|
(INTTMO000)
Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)
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Figure 7-14. Example of Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO001 OVFOO
Lo [ o[ o o 2 [ 2 [ o[ o]

Clears and starts on match

between TM00 and CR00O.

(b) Capture/compare control register 00 (CRCO00)

CRC002 CRC001 CRCO000
L o [ o] of ol o] o of o
| CROO0O used as
compare register

(c) 16-bit timer output control register 00 (TOCO0O0)

OSPTO0 OSPEOO TOC004 LVSO0 LVROO TOCO001 TOEOO

Lol ofofof ool ofeo]

(d) Prescaler mode register 00 (PRMOO)

ES110 ES100 ESO010 ES000 3 2 PRM001 PRMO000

o [ o ] o] o o] o on ] on]

\—|—1— Selects count clock

(e) 16-bit timer counter 00 (TMOQO)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CROO0O, the interval time is as follows.

e Interval time = (M + 1) x Count clock cycle

Setting CRO00 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)

Usually, CR010 is not used for the interval timer function. However, a compare match interrupt (INTTMO010) is

generated when the set value of CR010 matches the value of TMO0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 7-15. Example of Software Processing for Interval Timer Function

N — N — N —
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

CROO0O register x N
INTTMOOO signal —| —| —|

<1> <2>

00 11

<1> Count operation start flow

(s )

Register initial setting
PRMOO register,
CRCOO register,
CROOO register,

port setting

Initial setting of these registers is performed before
setting the TMCO003 and TMCO002 bits to 11.

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

™ ™ 2 bits =
€003, TMC002 bits =00 by clearing the TMC003 and TMCO002 bits to 00.

=0
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7.4.2 Square-wave output operation
When 16-bit timer/event counter 00 operates as an interval timer (refer to 7.4.1), a square wave can be output from the
TOO0O0 pin by setting the 16-bit timer output control register 00 (TOCO00) to 03H.
When TMCO003 and TMCO002 are set to 11 (count clear & start mode entered upon a match between TMOO and CR000),
the counting operation is started in synchronization with the count clock.
When the value of TMOO later matches the value of CR000, TMQO is cleared to 0000H, an interrupt signal (INTTMOO0O0)
is generated, and TOOO output is inverted. This TO0O0 output that is inverted at fixed intervals enables TOOn to output a

square wave.

Remarks 1. For the setting of I/O pins, refer to 7.3 (6) Port mode register 0 (PMO).

2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.

Figure 7-16. Block Diagram of Square-Wave Output Operation

Count clock

D-

Operable bits
TMCO003, TMCO002

TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Compare register

Clear ¢—

TOOO output
Output .
16-bit counter (TM0O) "1 controller ——O TO00 pin
{} Match signal .
{} INTTMOOO signal
CROO0O register
Figure 7-17. Basic Timing Example of Square-Wave Output Operation
N — N — N - N .
00 11
X )

(CR000)

TOOO output

Compare match interrupt

(INTTMOO00)
Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)
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Figure 7-18. Example of Register Settings for Square-Wave Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 OVFOO
Lo [ o ol ol 1] 1 ol o]

LH

(b) Capture/compare control register 00 (CRCO00)

Clears and starts on match
between TM0O and CR00O.

CRC002 CRC001 CRCO00
L o [ o[ o o of ol ol o]

\— CRO0O00 used as
compare register

(c) 16-bit timer output control register 00 (TOCO0O0)

OSPTO0 OSPEOO TOC004 LVSO0 LVROO TOC001 TOEOQO

|o‘o‘o‘o‘0/1‘0/1‘1‘1|

\;J \— Enables TO0O output.
Inverts TOOO output on match

between TM0O and CR000.

Specifies initial value of TO00 output F/F

(d) Prescaler mode register 00 (PRMOO)

ES110 ES100 ES010 ES000 3 2 PRM001 PRMO000
o ] o ] o] o o] o on ] on]

T

Selects count clock

(e) 16-bit timer counter 00 (TMOQO0)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CROO0O, the interval time is as follows.

e Square wave frequency = 1/[2 x (M + 1) x Count clock cycle]
Setting CR000 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used for the square-wave output function. However, a compare match interrupt
(INTTMO010) is generated when the set value of CR010 matches the value of TMO0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMK010).
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Figure 7-19. Example of Software Processing for Square-Wave Output Function

N — N — N —
TMOO register

0000H

Operable bits
(TMCO003, TMCO002) 00 1 00

CROO0O register x N

TOO0O output

INTTMOOQO signal —| —| —|

TOON output control bit |
(TOCO001, TOE00)

<1> <2>

<1> Count operation start flow

(s )

Register initial setting Initial setting of these registers is performed before
PRMOO register, setting the TMCO003 and TMCO002 bits to 11.
CRCOO register,

TOCOO registerote,
CROOO register,
port setting

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMCO03, TMC002 bits = 00 by clearing the TMC003 and TMCO002 bits to 00.

( sor )

Note Care must be exercised when setting TOCO00. For details, refer to 7.3 (3) 16-bit timer output control
register 00 (TOCOO).
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7.4.3 External event counter operation
When bits 1 and 0 (PRM001 and PRMO0QO0) of the prescaler mode register 00 (PRMO0O0) are set to 11 (for counting up
with the valid edge of the TI000 pin) and bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00
(TMCO00) are set to 11, the valid edge of an external event input is counted, and a match interrupt signal indicating
matching between TM00 and CR000 (INTTMOOO) is generated.
To input the external event, the TI000 pin is used. Therefore, the timer/event counter cannot be used as an external
event counter in the clear & start mode entered by the TI000 pin valid edge input (when TMCO003 and TMCO002 = 10).
The INTTMOOO signal is generated with the following timing.

¢ Timing of generation of INTTMOOO signal (second time or later)
= Number of times of detection of valid edge of external event x (Set value of CR000 + 1)

However, the first match interrupt immediately after the timer/event counter has started operating is generated with the

following timing.

¢ Timing of generation of INTTMOOO signal (first time only)
= Number of times of detection of valid edge of external event input x (Set value of CR000 + 2)

To detect the valid edge, the signal input to the TI000 pin is sampled during the clock cycle of fers. The valid edge is
not detected until it is detected two times in a row. Therefore, a noise with a short pulse width can be eliminated.

Remarks 1. For the setting of I/O pins, refer to 7.3 (6) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.

Figure 7-20. Block Diagram of External Event Counter Operation

frrs
Clear
Output TOOO output .
) Edge © TOO00 pin
T1000 pin © detection >— 16-bit counter (TMO0O) controller
r =, Match signal INTTMO00 signal
Operable bits {} 9
TMCO003, TMC002
CROO0O register
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Figure 7-21. Example of Register Settings in External Event Counter Mode (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCOOL OVFO0
Lo [ ol of ol 2 [ 1 [ of o]

L’J

(b) Capture/compare control register 00 (CRCO00)

Clears and starts on match
between TM0O and CR000.

CRC002 CRC001 CRCO00
Lo [ o[ o] ol of o ol o]

\— CRO0O00 used as
compare register

(c) 16-bit timer output control register 00 (TOCOO0)

OSPTO0 OSPEOO TOCO004 LVSO00 LVROO TOC001 TOEOO

|o\0\0\0/1\0/1\0/1\0/1\0/1|

L

\— 0: Disables TOO0O output
1: Enables TO0O output

Specifies initial value of
TOO0O output F/F

‘ 00: Does not invert TO00 output on match

between TM00 and CRO00/CR010.

01: Inverts TOO0O output on match between
TMO00 and CRO000.

10: Inverts TO0O output on match between
TMO00 and CRO010.

11: Inverts TO0O output on match between
TMO0O0 and CR000/CR010.

(d) Prescaler mode register 00 (PRMOO)

ES110 ES100 ES010 ESO000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 |

— i
Selects count clock

(specifies valid edge of TI000).

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection
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Figure 7-21. Example of Register Settings in External Event Counter Mode (2/2)

(e) 16-bit timer counter 00 (TMQO)
By reading TMO0O, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CROO0O, the interrupt signal (INTTMOOO) is generated when the number of external events reaches
M+ 1).
Setting CR0O00 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used in the external event counter mode. However, a compare match interrupt
(INTTMO010) is generated when the set value of CR010 matches the value of TMOO.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 7-22. Example of Software Processing in External Event Counter Mode

N — N — N —
TMOO register

0000H

Operable bits )
(TMC003, TMC002) %0 1 00

Compare register X N
(CR000)

TOOO output

Compare match interrupt
(INTTMO000)

TOOO0 output control bits |
(TOCO004, TOCO001, TOEOQO)

<1> <2>

<1> Count operation start flow

(s )

Register initial setting
PRMOO register,
CRCO0O register,

TOCOO registerote,
CROOO register,
port setting

Initial setting of these registers is performed before
setting the TMCO003 and TMCO0O02 bits to 11.

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits = 00 ! ;
s by clearing the TMCO003 and TMCOO2 bits to 00.

( sor )

Note Care must be exercised when setting TOC00. For details, refer to 7.3 (3) 16-bit timer output control
register 00 (TOCO0O).
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7.4.4 Operation in clear & start mode entered by TIO00 pin valid edge input

When bits 3 and 2 (TMCO003 and TMCO002) of 16-bit timer mode control register 00 (TMCOO) are set to 10 (clear & start
mode entered by the TIO00 pin valid edge input) and the count clock (set by PRMO0O) is supplied to the timer/event counter,
TMOO starts counting up. When the valid edge of the TIO00 pin is detected during the counting operation, TMOO is cleared
to 0000H and starts counting up again. If the valid edge of the TIO00 pin is not detected, TMOO overflows and continues

counting.

The valid edge of the TIO00 pin is a cause to clear TM0O. Starting the counter is not controlled immediately after the

start of the operation.

CRO000 and CR010 are used as compare registers and capture registers.

(&) When CR000 and CR010 are used as compare registers
Signals INTTMO000 and INTTMO010 are generated when the value of TMOO matches the value of CR0O00 and

CRO10.

(b) When CR000 and CR010 are used as capture registers
The count value of TMOO is captured to CR000 and the INTTMOOO signal is generated when the valid edge is
input to the T1010 pin (or when the phase reverse to that of the valid edge is input to the TIO00 pin).
When the valid edge is input to the TIO00 pin, the count value of TMOO is captured to CR010 and the INTTM010
signal is generated. As soon as the count value has been captured, the counter is cleared to 0000H.

Caution Do not set the count clock as the valid edge of the TI000 pin (PRM001 and PRMO0O = 11). When
PRMO001 and PRMO0O0O = 11, TMOO is cleared.

Remarks 1. For the setting of the I/O pins, refer to 7.3 (6) Port mode register 0 (PMO).

2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.

(1) Operation in clear & start mode entered by TI000 pin valid edge input
(CR0O00: compare register, CR010: compare register)

Figure 7-23. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

Edge

T1000 pin ©—* etection

Clear

Timer counter
(TMO00)

Count clock )

Operable bits
TMCO003, TMC002

& Match signal

Interrupt signal

{}

!

(INTTMO0O)

Compare register Output | TOOO output .
(CR000) controller © 7000 pin
Match signal i Interrupt signal
(INTTMO010)
Compare register
(CRO10)
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Figure 7-24. Timing Example of Clear & Start Mode Entered by TIO00 Pin Valid Edge Input
(CRO00: Compare Register, CR010: Compare Register)

(a) TOCOO = 13H, PRM0O0O = 10H, CRC00 = 00H, TMCO00 = 08H

, M M M M_1
TMOO register N// N// N// N
0000H
Operable bits <
(TMC003, TMC002) 20 10
Count clear input | _l —I_
(TI000 pin input)

Compare register M
(CR000) > (
Compare match interrupt

(INTTMO00O) _| _| _| _|

Compare register

(CRO10) :X N

Compare match interrupt
(INTTMO10)

—
—
—
— |

TOOO output

(b) TOCOO0 = 13H, PRMO0O = 10H, CRCO00 = 00H, TMCO00 = 0AH

; M M M M, 1
TMOO register N// N// N// N
0000H
Operable bits <
(TMCO003, TMC002) o0 10

Count clear input | _l |
(TI000 pin input)
Compare register M
(CR000) > (
Compare match interrupt

(INTTMO00O) _| _| _| _|

Compare register

(CRO10) :X N

Compare match interrupt
(INTTMO10)

—
—
—
—

TOOO output

(a) and (b) differ as follows depending on the setting of bit 1 (TMCO001) of the 16-bit timer mode control register 00
(TMCOO0).
(@) The TOOO output level is inverted when TMOO matches a compare register.
(b) The TOOO output level is inverted when TMOO matches a compare register or when the valid edge of the
TI000 pin is detected.
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(2) Operation in clear & start mode entered by TI000 pin valid edge input
(CRO00: compare register, CR010: capture register)

Figure 7-25. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CRO00: Compare Register, CR010: Capture Register)

. Edge
T1000 pin © detector
Clear
Count clock \ Timer counter
r / (TMO00)
- {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMOOO)
TMCO003, TMCO002
Compare register output | TO00 output .
— O TOO00
(CR0O00) controller © pin
Capture signal L,| Capture register Interrupt signal
(CRO10) (INTTMO010)

Figure 7-26. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR0O00: Compare Register, CR010: Capture Register) (1/2)

(a) TOCOO = 13H, PRMOO = 10H, CRCO00 = 04H, TMCO00 = 08H, CR0O00 = 0001H

M N P

TMOO register

0000H

Operable bits 00 >
(TMCO003, TMCO002)

Capture & count clear input _l _|
(T1000 pin input)

Compare register
(CR000) >< 0001H

Compare match interrupt '| '| '| '| '|
(INTTMOO00)

Capture register
(CRO10) 0000H M >

Capture interrupt '| '| '| '|
(INTTMO10)

TOO0O output

10

—

ol —

zZ

wn

e
P2

This is an application example where the TO00 output level is inverted when the count value has been captured &
cleared.

The count value is captured to CR010 and TMOO is cleared (to 0000H) when the valid edge of the TIO00 pin is
detected. When the count value of TM0O is 0001H, a compare match interrupt signal (INTTMO0OO) is generated, and
the TOOO output level is inverted.
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Figure 7-26. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CRO00: Compare Register, CR010: Capture Register) (2/2)

(b) TOCOO = 13H, PRMO0O = 10H, CRCO00 = 04H, TMCO00 = 0AH, CR000 = 0003H

M N P Q

TMOO register

0003H
0000H

Operable bits 00 >
(TMCO003, TMCO002)

Capture & count clear input _l _l _I-
(TI000 pin input)
Compare register 0003
(CRO00) H

Compare match interrupt '| ] '| '| '|
(INTTMOOO)

Capture register
(CRO10) 0000H M > N

Capture interrupt '| '| '| '|
(INTTMO010)

TOO0O0 output

10

This is an application example where the width set to CR000 (4 clocks in this example) is to be output from the TO00
pin when the count value has been captured & cleared.

The count value is captured to CR010, a capture interrupt signal (INTTMO010) is generated, TMOO is cleared (to
0000H), and the TOQO output level is inverted when the valid edge of the TI0O00 pin is detected. When the count
value of TMOO is 0003H (four clocks have been counted), a compare match interrupt signal (INTTMOOO) is generated
and the TOOO output level is inverted.
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(3) Operation in clear & start mode by entered TI000 pin valid edge input
(CROO00: capture register, CR010: compare register)

Figure 7-27. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CROO00: Capture Register, CR010: Compare Register)

Edge

TI000 pin ©— detection

Count clock

Clear

D

Operable bits
TMCO003, TMC002

Capture signal

Timer counter
(TMO00)

Interrupt signal

{} Match signal

!

Compare register
(CR010)

-

Capture register

Output
controller

TOOO output

(INTTMO10)

©) TOO00 pin

Interrupt signal

(CR000)

(INTTMO0O)
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Figure 7-28. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CROO0O0: Capture Register, CR010: Compare Register) (1/2)

(a) TOCOO = 13H, PRM0OO = 10H, CRC00 = 03H, TMCO00 = 08H, CR010 = 0001H

TMOO register
M S P

0000H N

Operable bits 00 >
(TMCO003, TMC002)

10

Capture & count clear input
(TI1000 pin input)

Capture register
(CR000) 0OOO0C0H M N S P

Capture interrupt
(INTTMO000) L

Compare register 3 (
(CROlO) 0001H
Compare match interrupt '| ‘| '| '| '|
(INTTMO10)

TOO0O output

This is an application example where the TOO0O output level is to be inverted when the count value has been captured
& cleared.

TMOO is cleared at the rising edge detection of the TI000 pin and it is captured to CR0O0O0 at the falling edge detection
of the TI1000 pin.

When bit 1 (CRCO001) of capture/compare control register 00 (CRCO0O) is set to 1, the count value of TMOO is captured
to CROO0O in the phase reverse to that of the signal input to the TI000 pin, but the capture interrupt signal (INTTMOOO)
is not generated. However, the INTTMOOO signal is generated when the valid edge of the TI0O10 pin is detected.
Mask the INTTMOOO signal when it is not used.
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Figure 7-28. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CROO00: Capture Register, CR010: Compare Register) (2/2)

(b) TOCOO = 13H, PRMO0O = 10H, CRCO00 = 03H, TMCO00 = 0AH, CR010 = 0003H

TMOO register
M S P

0003H
0000H N

Operable bits 00 >
(TMCO003, TMCO002)

Capture & count clear input ] _I-
(TI000 pin input)

10

t ist
Cap ure( E:eRgIOSO g; 0000H M N S P

Capture interrupt
(NTTMo00) _L

Compare register
(CRO10) >< 0003H

Compare match interrupt '| '| '| '|
(INTTMO010)

TOO0O output

This is an application example where the width set to CR010 (4 clocks in this example) is to be output from the TO00
pin when the count value has been captured & cleared.

TMOO is cleared (to 0000H) at the rising edge detection of the TIO00 pin and captured to CR000 at the falling edge
detection of the TI000 pin. The TOO0O output level is inverted when TMOO is cleared (to 0000H) because the rising
edge of the TIO00 pin has been detected or when the value of TMOO matches that of a compare register (CR010).
When bit 1 (CRC001) of capture/compare control register 00 (CRCO00) is 1, the count value of TMOO is captured to
CROO0O in the phase reverse to that of the input signal of the TI000 pin, but the capture interrupt signal (INTTMO0O) is
not generated. However, the INTTMOOO interrupt is generated when the valid edge of the TIO10 pin is detected.
Mask the INTTMOOO signal when it is not used.
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(4) Operation in clear & start mode entered by TI000 pin valid edge input
(CROO00: capture register, CR010: capture register)

Figure 7-29. Block Diagram of Clear & Start Mode Entered by TIO00 Pin Valid Edge Input
(CRO00: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMC002

N

Clear

)
|/

Timer counter
(TMOQO0)

iy

Capture register
(CR010)

Interrupt signal

Capture register

(CRO00)

(INTTMO010)

Outp
contro

TOO00
ut outputhete

inNote
ller ©) TOO00 pin

Interrupt signal

Count clock
Capture signal
. Edge | _
T1000 pin © detection %
[}
. Note Edge © Capture
T1010 pintee © n signal

(INTTMO0O)

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI010 pin is used.

Figure 7-30. Timing Example of Clear & Start Mode Entered by TIO00 Pin Valid Edge Input
(CROO0O0: Capture Register, CR010: Capture Register) (1/3)

(a) TOCOO = 13H, PRMO0O = 30H, CRC00 = 05H, TMCO00 = OAH

TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI000 pin input)

Capture register
(CRO000)

Capture interrupt
(INTTMO0O)

Capture register
(CRO10)

Capture interrupt
(INTTMO10)

TOOO output

L

00

10

0000H

0000H

o

L[]

L

(VXX P

|

000
L]

G
L

This is an application example where the count value is captured to CR010, TMOO is cleared, and the TOOQO output is
inverted when the rising or falling edge of the TIO00 pin is detected.
When the edge of the TI010 pin is detected, an interrupt signal (INTTMO0OO) is generated. Mask the INTTMOOO signal

when it is not used.
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Figure 7-30. Timing Example of Clear & Start Mode Entered by TIO00 Pin Valid Edge Input
(CROO00: Capture Register, CR010: Capture Register) (2/3)

(b) TOCOO0 = 13H, PRM00 = COH, CRCO00 = 05H, TMCO00 = 0AH

FFFFH
TMOO register

0000H
Operable bits
(TMCO003, TMC002)

Capture trigger input
(T1010 pin input)

Capture register

(CR000)

Capture interrupt
(INTTMOOO)

Capture & count clear input
(T1000)

Capture register

(CR010)

Capture interrupt
(INTTMO010)

]

OO>

10

0000H L M

0000H

L

This is a timing example where an edge is not input to the TIO00 pin, in an application where the count value is
captured to CR0O00 when the rising or falling edge of the TI010 pin is detected.
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Figure 7-30. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CROO0O0: Capture Register, CR010: Capture Register) (3/3)

(c) TOCOO0 = 13H, PRM0OO = 00H, CRCO00 = 07H, TMCO0 = OAH

M_— O S W

TMOO register / N / / /
L Qs+ R T

0000H P

Operable bits
(TMCO003, TMCO002)

00 10

Capture & count clear input
(TI1000 pin input)

Capture register
(CROO00) 0000H L N P R T

Capture register
(CRO10)

Capture interrupt
(INTTMO010)
Capture input
(TI010) L

0000H M o) Q s

— =1

Capture interrupt
(INTTMO00) L

This is an application example where the pulse width of the signal input to the TIO00 pin is measured.

By setting CRCO0O, the count value can be captured to CR00O0 in the phase reverse to the falling edge of the TI000 pin
(i.e., rising edge) and to CR010 at the falling edge of the TI000 pin.

The high- and low-level widths of the input pulse can be calculated by the following expressions.

¢ High-level width = [CR010 value] — [CR0O00 value] x [Count clock cycle]
¢ Low-level width = [CR0O0O0 value] x [Count clock cycle]

If the reverse phase of the TI000 pin is selected as a trigger to capture the count value to CR000, the INTTMO00
signal is not generated. Read the values of CR0O00 and CR010 to measure the pulse width immediately after the
INTTMO10 signal is generated.

However, if the valid edge specified by bits 6 and 5 (ES110 and ES100) of prescaler mode register 00 (PRMO00) is
input to the TI1010 pin, the count value is not captured but the INTTMOOO signal is generated. To measure the pulse
width of the TI000 pin, mask the INTTMOOO signal when it is not used.
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Figure 7-31. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO01 _OVF00
[ o | o [ o | o | 2 | o | on | o |

L]

0: Inverts TOOO output on match
between TM00 and CR0O00/CR010.

1: Inverts TOO0O output on match
between TM00 and CR0O00/CR010
and valid edge of TI000 pin.

Clears and starts at valid
edge input of TI000 pin.

(b) Capture/compare control register 00 (CRCO00)

CRCO002 CRC001 CRCO00
[ o [ o [ o | o | o [ on | on | on |

—— 0: CRO00O0 used as compare register
1: CROO0O used as capture register

0: TIO10 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

0: CRO010 used as compare register
1: CRO010 used as capture register

(c) 16-bit timer output control register 00 (TOCOO0)

OSPTO0 OSPEOO TOCO004 LVSO00 LVROO TOC001 TOEOO

|o\0\0\0/1\0/1\0/1\0/1\0/1|

L

\— 0: Disables TOO0O0 output°t®
1: Enables TO0O output

Specifies initial value of
TOO0O0 output F/F

00: Does not invert TO00 output on match
between TM0OO0 and CR0O00/CR010.

01: Inverts TOOO output on match between
TMOO0 and CR00O.

10: Inverts TOOO output on match between
TMOO and CRO010.

11: Inverts TOOO output on match between
TMO0O0 and CRO00/CRO010.

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI010 pin is used.

RO1UHO068EJ0203 Rev.2.03 R nS 261
Jun 29, 2012 ENES



78K0/Fx2-L CHAPTER 7 16-BIT TIMER/EVENT COUNTER 00

Figure 7-31. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (2/2)

(d) Prescaler mode register 00 (PRMOO)

ES110 ES100 ES010  ES000 3 2 PRM001 PRMO00O
|0/1‘0/1‘0/1‘0/1‘ 0 ‘ 0 ‘0/1‘0/1|

Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRCO001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMOO)
By reading TMO0O, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TIO0O0 or TI010 pin
When the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

No' input as a capture trigger.

Note The timer output (TO00) cannot be used when detection of the valid edge of the TI010 pin is used.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TMOQO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the valid
edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 7-32. Example of Software Processing in Clear & Start Mode Entered by TIO00 Pin Valid Edge Input

TMOO register N /M,/ N }/ N /M,/ N }

Operable bits
(TMCO003, TMCO002)

1

00 10

al

Count clear input
(TI1000 pin input)

Compare register >< M
(CR000)

Compare match interrupt '| '| '| '|

|
—

(INTTMO00)

Compare register
(CR010) >< N
Compare match interrupt
(INTTMO010)

TOO0O output L r

<1> <2> <2>  <2> <2> <3>
<1> Count operation start flow <3> Count operation stop flow
) The counter is initialized
START TMC003, TMCO02 bits = 00 | and counting is stopped
by clearing the TMCO003

and TMCO002 bits to 00.

Register initial setting Initial setting of these
PRMOO register, registers is performed
CRCOO register, before setting the C STOP >
TOCOO registerote, TMCO003 and TMC002

CRO000, CRO010 registers, bits to 10.
TMCO00.TMCO001 bit,
port setting

TMCO003, TMCO002 bits = 10 Starts count operation

<2> TMOO register clear & start flow

|

Edge input to TI0O00 pin

|

When the valid edge is input to the TI000 pin,
the value of the TMOO register is cleared.

Note Care must be exercised when setting TOCO00. For details, refer to 7.3 (3) 16-bit timer output control register
00 (TOCO00).
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7.4.5 Free-running timer operation

When bits 3 and 2 (TMC003 and TMC002) of 16-bit timer mode control register 00 (TMCO0O0) are set to 01 (free-running
timer mode), 16-bit timer/event counter 00 continues counting up in synchronization with the count clock. When it has
counted up to FFFFH, the overflow flag (OVFOO) is set to 1 at the next clock, and TMOO is cleared (to 0000H) and
continues counting. Clear OVFO0O to 0 by executing the CLR instruction via software.

The following three types of free-running timer operations are available.

e Both CR0O00 and CR010 are used as compare registers.
e One of CR0O00 or CR010 is used as a compare register and the other is used as a capture register.
e Both CR000 and CR010 are used as capture registers.

Remarks 1. For the setting of the I/O pins, refer to 7.3 (6) Port mode register 0 (PMO).

2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.

(1) Free-running timer mode operation
(CRO00: compare register, CR010: compare register)

Figure 7-33. Block Diagram of Free-Running Timer Mode
(CRO00: Compare Register, CR010: Compare Register)

Count clock

)

Timer counter
(TMO0)

-

Operable bits
TMCO003, TMC002

{} Match signal

Interrupt signal

ﬁ

!

(INTTMOO0O)

Compare register Output TOOO0 output )
(CR000) controller ©T000 pin
Match signal i Interrupt signal
(INTTMO010)
Compare register
(CR010)
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Figure 7-34. Timing Example of Free-Running Timer Mode
(CRO00: Compare Register, CR010: Compare Register)

¢ TOCOO = 13H, PRM00 = 00H, CRCO00 = 00H, TMCOO = 04H

FFFFH

L] >
. AT g N A
TMOO register

0000H
Operable bits

(TMCO003, TMCO002) 00 o1 j@
Compare register M
(CR000)

Compare match interrupt
(INTTMO000) -| -| -| -|

Compare register
(CRO10) X N
Compare match interrupt
(INTTMO010) -| -| -| -|

TOO0O output

OVFO00 bit —| —l _|_

T T ! ?

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where two compare registers are used in the free-running timer mode.
The TOOO output level is reversed each time the count value of TMOO matches the set value of CR000 or CR010.
When the count value matches the register value, the INTTMO0O0O or INTTMO010 signal is generated.

(2) Free-running timer mode operation
(CR0O00: compare register, CR010: capture register)

Figure 7-35. Block Diagram of Free-Running Timer Mode
(CR0O00: Compare Register, CR010: Capture Register)

Count clock Timer counter
r (TMO00)

- {} Match signal Interrupt signal

Operable bits {} I (INTTMO00)
TMCO003, TMC002
Compare register Output  [TOOO output )
(CR000) controller © 71000 pin

. Edge Capture register Interrupt signal

T1000 pin @+ etection Capture signal (CRO10) (INTTMO10)
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FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture trigger input
(T1000)

Compare register
(CR000)

Compare match interrupt
(INTTMOO00)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

TOOO output

Overflow flag
(OVF00)

Figure 7-36. Timing Example of Free-Running Timer Mode
(CR0O00: Compare Register, CR010: Capture Register)

e TOCOO0 = 13H, PRMOO = 10H, CRCO00 = 04H, TMCOO = 04H

v

00 01
X 0000H
0000H M N < P

A
L

=

—

! T

0 write clear

0 write clear

0 write clear

T

0 write clear

This is an application example where a compare register and a capture register are used at the same time in the free-

running timer mode.

In this example, the INTTMOOO signal is generated and the TOOO output level is reversed each time the count value of
TMOO matches the set value of CR0O00 (compare register). In addition, the INTTMO10 signal is generated and the
count value of TMOO is captured to CR010 each time the valid edge of the TI000 pin is detected.
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(3) Free-running timer mode operation
(CROO00: capture register, CR010: capture register)

TI1000 pin ©

T1010 pin ©

Figure 7-37. Block Diagram of Free-Running Timer Mode
(CROO0O0: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMC002

L Timer counter
Count clock (TMO00)

Capture register Interrupt signal
(CR010) (INTTMO10)

Capture signal

Edge

. % Capture register Interrupt signal
Edge g Capture (CR000) (INTTMO00)
detection signal

If both CRO00 and CR010 are used as capture registers in the free-running timer mode, the TOO00 output

Remark
level is not inverted.
However, it can be inverted each time the valid edge of the TI0O00 pin is detected if bit 1 (TMC001) of 16-bit
timer mode control register 00 (TMCOO) is set to 1.
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Figure 7-38. Timing Example of Free-Running Timer Mode
(CROO0O0: Capture Register, CR010: Capture Register) (1/2)

(a) TOCOO0 = 13H, PRMOO = 50H, CRC00 = 05H, TMCO00 = 04H

FFFFH
TMOO register /M'/ N S P L~
AL . / ] S / c }7

0000H

Operable bits
(TMCO003, TMC002)

Capture trigger input —l |—_
(T1000)

Capture register

(CR0O10)

Capture interrupt 5
(INTTMO010) -| -| -|

Capture trigger input
(T1010) —l

00 01

0000H M N S P

— ol

Capture register
(Crooo) 0OOOH A B C D

Capture interrupt -
(INTTMO000) -| -| -| -|

Overflow flag
(OVFO00)

m

T T ? T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where the count values that have been captured at the valid edges of separate capture

trigger signals are stored in separate capture registers in the free-running timer mode.

The count value is captured to CR010 when the valid edge of the TIO00 pin input is detected and to CR000 when the

valid edge of the TI010 pin input is detected.
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Figure 7-38. Timing Example of Free-Running Timer Mode
(CROO0O0: Capture Register, CR010: Capture Register) (2/2)

(b) TOCOO = 13H, PRMOO = COH, CRCO00 = 05H, TMCOO0 = 04H

FFFFH
L } )7 1.
TMOO register /N )7 /
M P S
0000H l 1 1

Operable bits

(TMC003, TMC002) 00 o1

Capture trigger input
(T1010)

. TS 000000060
LI L

Capture interrupt
(INTTMOOO)

—
—

Capture trigger input
(tioooy L

Capture register
(CR010) 0000H

Capture interrupt
(INTTMO10) L

This is an application example where both the edges of the TI010 pin are detected and the count value is captured to
CROO0O in the free-running timer mode.

When both CR000 and CR010 are used as capture registers and when the valid edge of only the TI010 pin is to be
detected, the count value cannot be captured to CR010.
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Figure 7-39. Example of Register Settings in Free-Running Timer Mode (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVF00
[ o | o | o | o | o | 1 | on | o |

L]

0: Inverts TOOO output on match

1: Inverts TOOO output on match
between TMO0 and CR0O00/CR010
valid edge of TI000 pin.

Free-running timer mode

(b) Capture/compare control register 00 (CRCO00)

CRC002 CRC001 CRCO00
[ o [ o [ o | o | o [ on | on | on |

—— 0: CRO00O0 used as compare register
1: CROO0O used as capture register

0: TI010 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR0QO.

0: CRO010 used as compare register
1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO0O0)

OSPTO0 OSPEOO TOC004 LVSO00 LVROO TOCO001 TOEOO

| 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

L]

\— 0: Disables TOO0O output
1: Enables TOO0O output

Specifies initial value of
TOO0O0 output F/F

between TMOO and CRO00/CR010.

‘ 00: Does not invert TO00 output on match

between TM00 and CRO00/CR010.

01: Inverts TOOO output on match between

TMO0O0 and CRO0O.

10: Inverts TOOO output on match between

TMO00 and CRO010.

11: Inverts TOOO output on match between

TMOn and CRO00/CRO010.
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Figure 7-39. Example of Register Settings in Free-Running Timer Mode (2/2)

(d) Prescaler mode register 00 (PRMOO)

ES110 ES100 ES010  ES000 3 2 PRM0O01 PRMO0O
|0/1‘0/1‘0/1‘0/1‘ 0 ‘ 0 ‘0/1‘0/1|

(e) 16-bit timer counter 00 (TMOQO)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)

00:
01:
10:
11:

00:
01:
10:

Count clock selection
(setting TI000 valid edge is prohibited)

Falling edge detection

Rising edge detection

Setting prohibited

Both edges detection

(setting prohibited when CRCO001 = 1)

Falling edge detection
Rising edge detection
Setting prohibited
Both edges detection

When this register is used as a compare register and when its value matches the count value of TMOQO, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TIOO0 or TI010 pin input as a capture trigger. When
the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR00O.

(g) 16-bit capture/compare register 010 (CR010)

When this register is used as a compare register and when its value matches the count value of TMOQO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the valid
edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 7-40. Example of Software Processing in Free-Running Timer Mode

FFFFH
M M M

TMOO register N, N, N~ N T
0000H —/ I

Operable bits
(TMC003, TMC002) _2° < 01 ><00

Compare register M
(CR000)

Compare match interrupt _l
(INTTMOOO)

Compare register N
(CR010)

Compare match interrupt
(INTTMO010)

Timer output control bits
(TOEOO, TOC004, TOCO001)

TOOO output

<l1> <2>

<1> Count operation start flow

(s )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMCO003 and TMC002
CRCOO register, bits to 01.

TOCOO register™ote,
CROO00/CRO010 register,
TMCO00.TMCO001 bit,
port setting

TMCO003, TMCO002 bits =0, 1 Starts count operation

<2> Count operation stop flow

) The counter is initialized and counting is stopped
TMC003, TMCO02 bits = 0, 0 by clearing the TMC003 and TMC002 bits to 00.

=

Note Care must be exercised when setting TOCO00. For details, refer to 7.3 (3) 16-bit timer output control

register 00 (TOCO0O).
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7.4.6 PPG output operation

A square wave having a pulse width set in advance by CR010 is output from the TOO0O pin as a PPG (Programmable
Pulse Generator) signal during a cycle set by CR000 when bits 3 and 2 (TMCO003 and TMCO002) of 16-bit timer mode
control register 00 (TMCO0O0) are set to 11 (clear & start upon a match between TM0OO and CR000).

The pulse cycle and duty factor of the pulse generated as the PPG output are as follows.

¢ Pulse cycle = (Set value of CR000 + 1) x Count clock cycle
e Duty = (Set value of CR010 + 1) / (Set value of CR0O00 + 1)

Caution To change the duty factor (value of CR010) during operation, refer to 7.5.1 Rewriting CR010 during

TMOO operation.

Remarks 1. For the setting of I/O pins, refer to 7.3 (6) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.

Figure 7-41. Block Diagram of PPG Output Operation

Clear

Count clock

)

Timer counter
(TMO00)

-

Operable bits
TMCO003, TMC002

{} Match signal

Interrupt signal

ﬁ

!

(INTTMO0O)

Compare register Output | TOOO output )
(CR000) controller =© 7000 pin
Match signal i Interrupt signal
° (INTTMO10)
Compare register
(CR010)
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Figure 7-42. Example of Register Settings for PPG Output Operation (1/2)

(@) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCOOL OVFO0
Lo [ ol of ol 2 [ 1 [ of o]

L’J

(b) Capture/compare control register 00 (CRCO00)

Clears and starts on match
between TM0O and CR000.

CRC002 CRC001 CRC000
Lo [ o ol ol ol ol ol o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEOO TOC004 LVSO00 LVROO TOC001 TOEOO

o [ o o] ] on | on | 1 ] 1|

\;J \—’—‘ \— Enables TO00 output

Specifies initial value of
TOO0O0 output F/F

‘ 11: Inverts TOOO output on
match between TMOO
and CR0O00/CRO010.

00: Disables one-shot pulse
output

(d) Prescaler mode register 00 (PRMOQO0)

ES110 ES100 ESO010 ES000 3 2 PRMO001 PRMO000O

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—l—‘— Selects count clock
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Figure 7-42. Example of Register Settings for PPG Output Operation (2/2)

(e) 16-bit timer counter 00 (TMOO)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
An interrupt signal (INTTMOOO) is generated when the value of this register matches the count value of TMO0O.
The count value of TMOO is cleared.

(9) 16-bit capture/compare register 010 (CR010)
An interrupt signal (INTTMO010) is generated when the value of this register matches the count value of TMOO.
The count value of TMOO is not cleared.

Caution Set values to CR000 and CRO010 such that the condition 0000H < CR010 < CRO000 £ FFFFH is
satisfied.
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Figure 7-43. Example of Software Processing for PPG Output Operation

M M M

TMOO register N / N / N /
0000H _/ / / /

Operable bits 00 >

(TMC003, TMCO002) 11
Compare register M
(CR000)

Compare match interrupt _| _| _|
(INTTMOO0O0)

7N
1l
(=)

Compare register N
(CRO10)

Compare match interrupt ‘| ‘| ‘|
(INTTMO010)

Timer output control bits
(TOEOO, TOC004, TOCO001) I_

TOOO output

N+1 N+1 N+1
M+1 M+1 M+1
<1> <2>
<1> Count operation start flow <2> Count operation stop flow
) The counter is initialized
START TMCO003, TMCO002 bits = 00 and counting is stopped
by clearing the TMC003
and TMCO002 bits to 00.
Register initial setting Initial setting of these
PRMOO register, registers is performed STOP
CRCO0O register, before setting the
TOCOO register°te, TMCO003 and TMC002
CRO000, CRO10 registers, bits.

port setting

TMCO003, TMCO002 bits = 11 Starts count operation

Note Care must be exercised when setting TOC00. For details, refer to 7.3 (3) 16-bit timer output control
register 00 (TOCOO).

Remarks PPG pulse cycle = (M + 1) x Count clock cycle
PPG duty = (N + 1)/(M + 1)
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7.4.7 One-shot pulse output operation

A one-shot pulse can be output by setting bits 3 and 2 (TMC003 and TMCO002) of the 16-bit timer mode control register
00 (TMCO00) to 01 (free-running timer mode) or to 10 (clear & start mode entered by the TI000 pin valid edge) and setting
bit 5 (OSPEO00) of 16-bit timer output control register 00 (TOCO00) to 1.

When bit 6 (OSPTO00) of TOCOO is set to 1 or when the valid edge is input to the TIOO0 pin during timer operation,
clearing & starting of TMQO is triggered, and a pulse of the difference between the values of CR000 and CR010 is output

only once from the TOOO pin.

Cautions 1. Do not input the trigger again (setting OSPTO00 to 1 or detecting the valid edge of the TI000 pin)
while the one-shot pulse is output. To output the one-shot pulse again, generate the trigger after
the current one-shot pulse output has completed.

2. To use only the setting of OSPTO0O0 to 1 as the trigger of one-shot pulse output, do not change the
level of the TIO00 pin or its alternate function port pin. Otherwise, the pulse will be unexpectedly

output.

Remarks 1. For the setting of the I/O pins, refer to 7.3 (6) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.

Figure 7-44. Block Diagram of One-Shot Pulse Output Operation

TIO00 edge detection Clear
OSPTO0 bitgrji

OSPEO0O bit

Count clock

)

Timer counter
(TMO00)

=

Operable bits
TMCO003, TMC002

Interrupt signal

{} Match signal

!

(INTTMO000)

Compare register Output | TOOO output .
(CRO00) controller © 1000 pin
Match signal I Interrupt signal
° (INTTMO010)
Compare register
(CR0O10)
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Figure 7-45. Example of Register Settings for One-Shot Pulse Output Operation (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO01 OVF00
[ o [ o | o | o | oan [ on | o | o |

LH

01: Free running timer mode
10: Clear and start mode by
valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRCO00)

CRC002 CRC001 CRC000
Lo [ o[ ol ol ol ol ol o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO0O0)

OSPTO0 OSPEOO TOCO004 LVSO00 LVROO TOCO001 TOEOO

| 0 ‘ 0/1 ‘ 1 ‘ 1 ‘ 0/1 ‘ 0/1 ‘ 1 ‘ 1 |

\— Enables TOO0O output

Specifies initial value of
TOOO output

‘ Inverts TOOO output on
match between TM00
and CR0O00/CR010.

Enables one-shot pulse
output

Software trigger is generated
by writing 1 to this bit
(operation is not affected
even if 0 is written to it).

(d) Prescaler mode register 00 (PRMOO)

ES110 ES100 ESO010 ES000 3 2 PRMO001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—|—1— Selects count clock
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Figure 7-45. Example of Register Settings for One-Shot Pulse Output Operation (2/2)

(e) 16-bit timer counter 00 (TMQO)
By reading TMO0O, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a compare register when a one-shot pulse is output. When the value of TMOO matches
that of CR00O, an interrupt signal (INTTMOOO) is generated and the TOO0O output level is inverted.

(g) 16-bit capture/compare register 010 (CR010)
This register is used as a compare register when a one-shot pulse is output. When the value of TM0OO matches

that of CR010, an interrupt signal (INTTMO010) is generated and the TOO0O output level is inverted.

Caution Do not set the same value to CR000 and CRO010.
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Figure 7-46. Example of Software Processing for One-Shot Pulse Output Operation (1/2)

FFFFH

TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

One-shot pulse enable bit
(OSPEO)

One-shot pulse trigger bit
(OSPTO)

One-shot pulse trigger input
(TI1000 pin)

Overflow plug
(OVF00)

Compare register
(CR000)

Compare match interrupt
(INTTMO000)

Compare register
(CRO10)

Compare match interrupt
(INTTMO010)

TOO0O output

TOO00 output control bits
(TOEO00, TOCO004, TOCO001)

A

01jor 10

B
|

G
L

M+1 M+1

T

/

? TOO0O0 output level is not ?

inverted because no one-

<1> <2> shot trigger is input. <2>

¢ Time from when the one-shot pulse trigger is input until the one-shot pulse is output

= (M + 1) x Count clock cycle

¢ One-shot pulse output active level width

= (N — M) x Count clock cycle

<3>
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Figure 7-46. Example of Software Processing for One-Shot Pulse Output Operation (2/2)

<1> Count operation start flow

(s )

Register initial setting
PRMOO register,
CRCOO register,

TOCOO register™ote,
CRO000, CRO010 registers,
port setting

TMCO003, TMCO002 bits =
01 or 10

<2> One-shot trigger input flow

I

TOCO00.0SPTO0O0 bit =1
or edge input to TI0O00 pin

l

<3> Count operation stop flow

TMCO003, TMCO002 bits = 00

=

Initial setting of these registers is performed
before setting the TMC003 and TMCO002 bits.

Starts count operation

Write the same value to the bits other than the
OSPTO0O bit.

The counter is initialized and counting is stopped
by clearing the TMC003 and TMCO002 bits to 00.

Note Care must be exercised when setting TOCO00. For details, refer to 7.3 (3) 16-bit timer output control

register 00 (TOCOO).
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7.4.8 Pulse width measurement operation

TMOO can be used to measure the pulse width of the signal input to the TIO00 and TI010 pins.

Measurement can be accomplished by operating the 16-bit timer/event counter 00 in the free-running timer mode or by
restarting the timer in synchronization with the signal input to the TI000 pin.

When an interrupt is generated, read the value of the valid capture register and measure the pulse width. Check bit 0
(OVFO00) of 16-hit timer mode control register 00 (TMCO00). If it is set (to 1), clear it to O by software.

Figure 7-47. Block Diagram of Pulse Width Measurement (Free-Running Timer Mode)

Operable bits
TMCO003, TMC002

L Timer counter
Count clock (TMO00)

Captureregister | ~ _ Interrupt signal
Capture signal (CRO10) (INTTMO10)
; Edge
T1000 pin © € =
detection % Capture register Interrupt signal
. Edge © Capture (CR000) (INTTMO00)
TI010 pin © detection 4 signal

Figure 7-48. Block Diagram of Pulse Width Measurement
(Clear & Start Mode Entered by TI0O00 Pin Valid Edge Input)

Operable bits
TMCO003, TMC002

N

Clear

Timer counter

~
/ (TMO0)

Count clock
Capture register Interrupt signal
Capture signal (CR010) (INTTMO10)
: Edge
TI000 pin ; 5
Pin© detection % Capture register Interrupt signal
: Edge © Capture (CR000) (INTTMOO0O)
T1010 pin © detection s signal
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A pulse width can be measured in the following three ways.

e Measuring the pulse width by using two input signals of the TI000 and TI1010 pins (free-running timer mode)

¢ Measuring the pulse width by using one input signal of the TI000 pin (free-running timer mode)

e Measuring the pulse width by using one input signal of the TIOO0 pin (clear & start mode entered by the TI000 pin
valid edge input)

Remarks 1. For the setting of the I/O pins, refer to 7.3 (6) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.

(1) Measuring the pulse width by using two input signals of the TIO00 and TI010 pins (free-running timer mode)
Set the free-running timer mode (TMCO003 and TMCO002 = 01). When the valid edge of the TI0O00 pin is detected, the
count value of TMOO is captured to CR010. When the valid edge of the TI010 pin is detected, the count value of
TMOO is captured to CR000. Specify detection of both the edges of the TI000 and T1010 pins.

By this measurement method, the previous count value is subtracted from the count value captured by the edge of
each input signal. Therefore, save the previously captured value to a separate register in advance.

If an overflow occurs, the value becomes negative if the previously captured value is simply subtracted from the
current captured value and, therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1). If
this happens, ignore CY and take the calculated value as the pulse width. In addition, clear bit 0 (OVF00) of 16-bit
timer mode control register 00 (TMCOQO) to O.

Figure 7-49. Timing Example of Pulse Width Measurement (1)

e TMCO0 = 04H, PRMOO = FOH, CRCO00 = 05H

FFFEH
TMOO register R /’V'/ ) /N/ . }/

0000H

Operable bits
(TMCO003, TMC002)

Capture trigger input
(T1000)

D/P E};

00 01

Capture register

Capture interrupt

(INTTMO010)
Capture trigger input
(TI010)

— o)

Capture register
(CR000)

Capture interrupt '| '| '| '| ]
(INTTMO00)

Overflow flag

(OVF00)

m

0000H A B C D

0 write clear 0 write clear 0 write clear 0 write clear
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(2) Measuring the pulse width by using one input signal of the TI000 pin (free-running timer mode)
Set the free-running timer mode (TMCO003 and TMCO002 = 01). The count value of TMOO is captured to CRO0O in the
phase reverse to the valid edge detected on the TIO00 pin. When the valid edge of the TIO00 pin is detected, the

count value of TMOO is captured to CRO10.

By this measurement method, values are stored in separate capture registers when a width from one edge to another
is measured. Therefore, the capture values do not have to be saved. By subtracting the value of one capture register

from that of another, a high-level width, low-level width, and cycle are calculated.

If an overflow occurs, the value becomes negative if one captured value is simply subtracted from another and,
therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1). If this happens, ignore CY and
take the calculated value as the pulse width. In addition, clear bit 0 (OVFO00) of 16-bit timer mode control register 00

(TMCO00) to 0.

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

Capture trigger input
(T1000)

Capture register
(CR000)

Capture register
(CR0O10)

Capture interrupt
(INTTMO10)

Overflow flag
(OVF00)

Capture trigger input
(T1010)

Capture interrupt
(INTTMOO00)

Figure 7-50. Timing Example of Pulse Width Measurement (2)

e TMCO0 = 04H, PRMOO = 10H, CRC00 = 07H

M

v

7

e

g

7

01

L

0 write clear

0 write clear

0 write clear

T "

0 write clear

L
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(3) Measuring the pulse width by using one input signal of the TIO00 pin (clear & start mode entered by the TIO00
pin valid edge input)
Set the clear & start mode entered by the TI000 pin valid edge (TMC003 and TMCO002 = 10). The count value of
TMOO is captured to CROOO in the phase reverse to the valid edge of the TIOO00 pin, and the count value of TMOO is
captured to CR010 and TMOO is cleared (0000H) when the valid edge of the TI000 pin is detected. Therefore, a cycle
is stored in CR010 if TMOO does not overflow.
If an overflow occurs, take the value that results from adding 10000H to the value stored in CR010 as a cycle. Clear
bit 0 (OVF00) of 16-bit timer mode control register 00 (TMCOO) to 0.

Figure 7-51. Timing Example of Pulse Width Measurement (3)

e TMCO0 = 08H, PRMOO = 10H, CRC00 = 07H

FFFFH —
N B P Q
TMOO register M- / C ] D /
A Sx
0000H
Operable bits ><:
(TMC003, TMC002) OO* 10 Q0
<1> <1> <1> <1>

Capture & count clear input

(T1000)
<2> <3> <2> <3> <2> <3> <2> <3>
Capture register
(CRO00) 0000H A B C D
Capture register
(CRO10) 0000H M N S P Q
Capture interrupt _| _| -| -| -|
(INTTMO10)
Overflow flag
(OVF00)
0 write clear
Capture trigger input
(Ti010) L
Capture interrupt L
(INTTMOOO)
<1> Pulse cycle = (10000H x Number of times OVFO0O bit is set to 1 + Captured value of CR010) x Count
clock cycle
<2> High-level pulse width = (10000H x Number of times OVFO0O bit is set to 1 + Captured value of CR000) x Count
clock cycle

<3> Low-level pulse width = (Pulse cycle — High-level pulse width)
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Figure 7-52. Example of Register Settings for Pulse Width Measurement (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO01 _OVF00
[ o | o | o | o | on | on | o | o |

01: Free running timer mode

10: Clear and start mode entered
by valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRCO00)

CRC002 CRC001 CRCO00
[ o | o [ o | o | o | 1 | on | 1 |

—— 1: CRO0O0O0 used as capture register

0: TI010 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCOO0)

OSPTO0 OSPEOO TOC004 LVSO00 LVROO TOC001 TOEOO

Lol ofofofo] o] o] o]

(d) Prescaler mode register 00 (PRMOO)

ES110 ES100 ES010  ES000 3 2 PRMO00L PRMOOO
|0/1\0/1\0/1\0/1\o \ 0 \0/1\0/1|

Selects count clock
(setting valid edge of TI000 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting when CRCO001 = 1 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection
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Figure 7-52. Example of Register Settings for Pulse Width Measurement (2/2)

(e) 16-bit timer counter 00 (TMQO)
By reading TMO0O, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a capture register. Either the TIO00 or TI010 pin is selected as a capture trigger. When a
specified edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

(g) 16-bit capture/compare register 010 (CR010)
This register is used as a capture register. The signal input to the TIO00 pin is used as a capture trigger. When
the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 7-53. Example of Software Processing for Pulse Width Measurement (1/2)

(a) Example of free-running timer mode

FFFFH
. D1o / Du/ D12/ D13/
TMOO register Doo / Dot / Doz / Dos / Dos

0000H
Operable bits
(TMC003, TMCoo2) 99 01 < 00

Capture trigger input
(T1000)

Capture register
(CRO10)

Capture interrupt -| -| -| '|

(INTTMO10)
Capture trigger input
(T1010)

0000H D1o Du1 D12 D13

Capture register
(CR0O00) 0000H

Capture interrupt '| _| '| '| '|
(INTTMO00O)

<1><2> <2> 2> <2> <2><2> <2>  <2> <2><3>

(b) Example of clear & start mode entered by TIO00 pin valid edge

FFFFH —
D2 D3 De Dsg
Ds D
TMOO register Do ™ / D. vd ! /
0000H
Operable bits >
(TMC003, TMC002) _ 20 10 @

Capture & count clear input
(T1000)

Capture register
(CR0O00)

0000H D1 Ds Ds D7

Capture interrupt
(NTTMO00) L

Capture register

(CRO10) 0000H Do D2 Da Ds Ds
Capture interrupt _| _| _| -| -|
(INTTMO010)
<1> <2><2> <2> <2> <2> <2><2> <2> <2><3>
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Figure 7-53. Example of Software Processing for Pulse Width Measurement (2/2)

<1> Count operation start flow

(s )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMCO002 bits.
CRCAOO register,

port setting

TMCO003, TMCO002 bits =

01 or 10 Starts count operation

<2> Capture trigger input flow

I

Edge detection of TI000, TI010 pins

Stores count value to
CRO000, CRO10 registers
Generates capture interruptN°ote

Calculated pulse width
from capture value

l

<3> Count operation stop flow

The counter is initialized and counting is stopped

TMCO003, TMCO02 bits = 00 by clearing the TMC003 and TMCO02 bits to 00.

=

Note The capture interrupt signal (INTTMOOO) is not generated when the reverse-phase edge of the TIO00 pin input
is selected to the valid edge of CR00O.
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7.5 Special Use of TMOO

7.5.1 Rewriting CR010 during TMOO operation

In principle, rewriting CR0O00 and CRO010 of the 78K0/Fx2-L microcontrollers when they are used as compare registers
is prohibited while TMOO is operating (TMC003 and TMC002 = other than 00).

However, the value of CR010 can be changed, even while TMOO is operating, using the following procedure if CR010 is
used for PPG output and the duty factor is changed. (When changing the value of CR010 to a smaller value than the
current one, rewrite it immediately after its value matches the value of TM00. When changing the value of CR010 to a
larger value than the current one, rewrite it immediately after the values of CR000 and TMOO match. If the value of CR010
is rewritten immediately before a match between CR010 and TMO0O, or between CRO00 and TMO0O, an unexpected
operation may be performed.).

[ Procedure for changing value of CR010 ]|

<1> Disable interrupt INTTM010 (TMMKO010 = 1).

<2> Disable reversal of the timer output when the value of TM0O matches that of CR010 (TOC004 = 0).
<3> Change the value of CR010.

<4> Wait for one cycle of the count clock of TMOO.

<5> Enable reversal of the timer output when the value of TMOO matches that of CR010 (TOC004 = 1).
<6> Clear the interrupt flag of INTTM010 (TMIF010 = 0) to O.

<7> Enable interrupt INTTM010 (TMMKO010 = 0).

Remark For TMIFO10 and TMMKO10, refer to CHAPTER 17 INTERRUPT FUNCTIONS.
7.5.2 Setting LVS00 and LVROO
(1) Usage of LVS00 and LVR0O
LVS00 and LVROO are used to set the default value of the TOO0O output and to invert the timer output without enabling

the timer operation (TMC003 and TMC002 = 00). Clear LVS00 and LVRO0O to 00 (default value: low-level output)
when software control is unnecessary.

LVS00 LVROO Timer Output Status
0 0 Not changed (low-level output)
0 1 Cleared (low-level output)
1 0 Set (high-level output)
1 1 Setting prohibited
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(2) Setting LVS00 and LVROO
Set LVS00 and LVROO using the following procedure.

Figure 7-54. Example of Flow for Setting LVS00 and LVRO0O Bits

\

Setting TOC00.0SPE00, TOC004, TOCO001 bits
\ <1> Setting of timer output operation
Setting TOC00.TOEOO bit

|
Setting TOC00.LVS00, LVRO0O bits <2> Setting of timer output F/F
|
Setting TMC00.TMCO003, TMCO002 bits <3> Enabling timer operation

Caution Be sure to set LVS00 and LVROO following steps <1>, <2>, and <3> above.
Step <2> can be performed after <1> and before <3>.

Figure 7-55. Timing Example of LVROO0 and LVSO00

TOCO00.LVSO00 bit

TOCO00.LVROO bit

Operable bits 00

(TMC003, TMC002) 01,10, or 11

TOOO output

INTTMOOO signal

<1> <2> <1> <3><4>  <4> <4>

<1> The TOOO output goes high when LVS00 and LVROO = 10.

<2> The TOOO output goes low when LVS00 and LVROO = 01 (the pin output remains unchanged from the high level
even if LVS00 and LVROO are cleared to 00).

<3> The timer starts operating when TMC003 and TMCO002 are set to 01, 10, or 11. Because LVS00 and LVROO
were set to 10 before the operation was started, the TOOO0 output starts from the high level. After the timer
starts operating, setting LVS00 and LVROO is prohibited until TMC003 and TMCO002 = 00 (disabling the timer
operation).

<4> The TOOO output level is inverted each time an interrupt signal (INTTMOOQO) is generated.
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7.6 Cautions for 16-bit Timer/Event Counter 00

(1) Restrictions for each channel of 16-bit timer/event counter 00

Table 7-3 shows the restrictions for each channel.

Table 7-3. Restrictions for Each Channel of 16-bit Timer/Event Counter 00

Operation

Restriction

As interval timer

As square-wave output

As external event counter

As clear & start mode entered by
TI000 pin valid edge input

Using timer output (TOOO) is prohibited when detection of the valid edge of the T1010 pin is
used. (TOCOO0 = 00H)

As free-running timer

As PPG output

0000H < CP010 < CR000 < FFFFH

As one-shot pulse output

Setting the same value to CR000 and CP010 is prohibited.

As pulse width measurement

Using timer output (TOOO) is prohibited (TOCO00 = 00H)

(2) Timer start errors

An error of up to one clock may occur in the time required for a match signal to be generated after timer start. This is
because counting TMOO is started asynchronously to the count pulse.

Figure 7-56. Start Timing of TMOO Count

countpuse __ | [ | [ | [ [ [_[ |

TMOO countvalue  0000H X 0001H X 0002H X 0003H X 0004H

Timer start

(3) Setting of CR0O00 and CRO010 (clear & start mode entered upon a match between TM0O and CR000)
Set a value other than 0000H to CR000 and CR010 (TMOO cannot count one pulse when it is used as an external

event counter).
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(4) Timing of holding data by capture register

(@) When the valid edge is input to the TIO00/TI010 pin and the reverse phase of the TIO00 pin is detected while
CRO00/CRO010 is read, CR010 performs a capture operation but the read value of CRO00/CR010 is not
guaranteed. At this time, an interrupt signal (INTTMOOO/INTTMO010) is generated when the valid edge of the
TI000/TI010 pin is detected (the interrupt signal is not generated when the reverse-phase edge of the TI000 pin is
detected).

When the count value is captured because the valid edge of the TI000/T1010 pin was detected, read the value of
CROO00/CRO010 after INTTMOOO/INTTMO10 is generated.

Figure 7-57. Timing of Holding Data by Capture Register

Count pulse _| L1 L] l_:_l |_| |_| I_
TMOO count value X N X N+1 X N+2 X X M XM+1 X M+2
Edge input —| 4 |—
INTTMO10 [] ) [
Capture read signal 5 |_|_
Value captured to CR010 X X N+1 X
Capture lperation Capture Iperation is performed

but read value is not guaranteed.

(b) The values of CRO00 and CR010 are not guaranteed after 16-bit timer/event counter 00 stops.

(5) Setting valid edge
Set the valid edge of the TIOOO0 pin while the timer operation is stopped (TMC003 and TMC002 = 00). Set the valid
edge by using ES000 and ES010.

(6) Re-triggering one-shot pulse
Make sure that the trigger is not generated while an active level is being output in the one-shot pulse output mode.
Be sure to input the next trigger after the current active level is output.
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(7) Operation of OVFOO flag

(a) Setting OVFOO flag (1)

The OVFO0O flag is set to 1 in the following case, as well as when TMOO overflows.

Select the clear & start mode entered upon a match between TM0O and CROOQO.

2
Set CR000 to FFFFH.
2

When TM00 matches CR000 and TMOO is cleared from FFFFH to 0000H

Figure 7-58. Operation Timing of OVF00 Flag

Count pulse _| | | | | | | | |_
CRO00  FFFFH
T™M00  FFFEH X FFFFH X 0000H X 0001H X
OVF00
INTTMOOO []

(b) Clearing OVFO0O flag

Even if the OVFOO flag is cleared to O after TMOO overflows and before the next count clock is counted (before

the value of TMOO becomes 0001H), it is set to 1 again and clearing is invalid.

(8) One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or the clear & start mode entered by the
TI000 pin valid edge. The one-shot pulse cannot be output in the clear & start mode entered upon a match between

TMOO0 and CRO0O.
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(9) Capture operation

(&) When valid edge of TIOO0O is specified as count clock
When the valid edge of TI000 is specified as the count clock, the capture register for which TIO00 is specified as
a trigger does not operate correctly.

(b) Pulse width to accurately capture value by signals input to TI010 and TI000 pins
To accurately capture the count value, the pulse input to the TIO00 and TI010 pins as a capture trigger must be
wider than two count clocks selected by PRMOO (refer to Figure 7-7).

(c) Generation of interrupt signal
The capture operation is performed at the falling edge of the count clock but the interrupt signals (INTTMO000 and
INTTMO10) are generated at the rising edge of the next count clock (refer to Figure 7-7).

(d) Note when CRCO001 (bit 1 of capture/compare control register 00 (CRCO00)) is set to 1
When the count value of the TMOO register is captured to the CR0OO0O register in the phase reverse to the signal
input to the TI000 pin, the interrupt signal (INTTMO0O0O) is not generated after the count value is captured. If the
valid edge is detected on the TI010 pin during this operation, the capture operation is not performed but the
INTTMOOO signal is generated as an external interrupt signal. Mask the INTTMOOO signal when the external
interrupt is not used.

(10) Edge detection

(&) Specifying valid edge after reset
If the operation of the 16-bit timer/event counter 00 is enabled after reset and while the TI000 or TI010 pin is at
high level and when the rising edge or both the edges are specified as the valid edge of the TIO00 or TI010 pin,
then the high level of the TI000 or TI010 pin is detected as the rising edge. Note this when the TI000 or TI010
pin is pulled up. However, the rising edge is not detected when the operation is once stopped and then enabled
again.

(b) Sampling clock for eliminating noise
The sampling clock for eliminating noise differs depending on whether the valid edge of TI000 is used as the
count clock or capture trigger. In the former case, the sampling clock is fixed to fers. In the latter, the count clock
selected by PRMOO is used for sampling.
When the signal input to the TI000 pin is sampled and the valid level is detected two times in a row, the valid
edge is detected. Therefore, noise having a short pulse width can be eliminated (refer to Figure 7-7).

(11) Timer operation
The signal input to the TIO00/TI010 pin is not acknowledged while the timer is stopped, regardless of the operation

mode of the CPU.

Remark fers: Peripheral hardware clock frequency
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(12) Reading of 16-bit timer counter 00 (TMOO0)
TMOO can be read without stopping the actual counter, because the count values captured to the buffer are fixed
when it is read. The buffer, however, may not be updated when it is read immediately before the counter counts up,
because the buffer is updated at the timing the counter counts up.

Count clock

TMOO count value

Figure 7-59. 16-bit Timer Counter 00 (TM00) Read Timing

X 0034+ X 0035H X 0036H X 0037H X 0038H X 0039H X 003AH X 003BH

Read buffer X 0034H X 0035H X 0037H X 0038H X 003BH
Read signal | | | |
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CHAPTER 8 8-BIT TIMER/EVENT COUNTER 51

8.1 Functions of 8-bit Timer/Event Counter 51

8-bit timer/event counter 51 is mounted onto all 78K0/Fx2-L microcontroller products.
8-bit timer/event counter 51 has the following functions.

e Interval timer
e [External event counter

8.2 Configuration of 8-bit Timer/Event Counter 51
8-bit timer/event counter 51 includes the following hardware.

Table 8-1. Configuration of 8-bit Timer/Event Counter 51

Item Configuration
Timer register 8-bit timer counter 51 (TM51)
Timer input TI51
Register 8-bit timer compare register 51 (CR51)
Control registers Timer clock selection register 51 (TCL51)
8-bit timer mode control register 51 (TMC51)
Port mode register 3 (PM3)

Figure 8-1 shows the block diagram of 8-bit timer/event counter 51.
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Figure 8-1. Block Diagram of 8-bit Timer/Event Counter 51

8 Internal bus 2

g

8-bit timer compare —
register 51 (CR51) g INTTM51
TI51/P30/ 5
TOH1/INTP1©—= Match | < |
frrs — S o
fersl2 —~ § =
;PRSg: —1 & |..|8bittimer
PRS -
fone/ 28 counter 51 (TM51)
8-bit timer H1 output —=
3
[Gear
[t
[rcLsialteLsia/TeLsio|
Timer clock selection 8-bit timer mode control
register 51 (TCL51) register 51 (TMC51)
Internal bus 2
(1) 8-bit timer counter 51 (TM51)
TM51 is an 8-bit register that counts the count pulses and is read-only.
The counter is incremented in synchronization with the rising edge of the count clock.
Figure 8-2. Format of 8-bit Timer Counter 51 (TM51)
Address: FF1FH After reset: O0H R
Symbol 7 6 5 4 3 2 1 0
T™sL | | | | | | | | |
In the following situations, the count value is cleared to O0H.
<1> Reset signal generation
<2> When TCE51 is cleared
<3> When TM51 and CR51 match
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(2) 8-bit timer compare register 51 (CR51)
CR51 can be read and written by an 8-bit memory manipulation instruction.
The value set in CR51 is constantly compared with the 8-bit timer counter 51 (TM51) count value, and an interrupt
request (INTTM51) is generated if they match.
The value of CR51 can be set within OOH to FFH.
Reset signal generation clears CR51 to O0H.

Figure 8-3. Format of 8-bit Timer Compare Register 51 (CR51)
Address: FF41H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
crs1 | | | | | | | | |

Caution Do not write other values to CR51 during operation.
8.3 Registers Controlling 8-bit Timer/Event Counter 51
The following three registers are used to control 8-bit timer/event counter 51.
o Timer clock selection register 51 (TCL51)

e 8-bit timer mode control register 51 (TMC51)
e Port mode register 3 (PM3)
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(1) Timer clock selection register 51 (TCL51)

This register sets the count clock of 8-bit timer/event counter 51 and the valid edge of the TI51 pin input.

TCL51 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TCL51 to 00H.

Figure 8-4. Format of Timer Clock Selection Register 51 (TCL51)

Address: FFBCH  After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 TCL512 TCL511 TCL510
TCL512 TCL511 TCL510 Count clock selection
fers = fers = fers = fers = 20
2 MHz 5 MHz 10 MHz MHz (when
using PLL)
0 0 0 TI51 pin falling edge™°*®
0 0 1 TI51 pin rising edge™'®
0 1 0 fers 2 MHz 5 MHz 10 MHz 20 MHz
0 1 1 fers/2 | 1 MHz 2.5 MHz 5 MHz 10 MHz
1 0 0 fers/2* | 125 kHz 312.5 kHz 625 kHz 1.25 MHz
1 0 1 fers/2°® | 31.25 kHz 78.13 kHz 156.25 kHz | 312.5 kHz
1 1 0 fers/2® | 7.81 kHz 19.53 kHz 39.06 kHz 78.13 kHz
1 1 1 TMH1 output

Note Do not start timer operation with the external clock from the TI51 pin when in the STOP mode.

Cautions 1. When rewriting TCL51 to other data, stop the timer operation beforehand.

2. Besureto clear bits 3to 7to “0”.

Remark fers: Peripheral hardware clock frequency
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(2) 8-bit timer mode control register 51 (TMC51)
TMCH51 is a register that controls the 8-bit timer counter 51 (TM51) count operation.

TMCS51 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 8-5. Format of 8-bit Timer Mode Control Register 51 (TMC51)

Address: FF43H  Afterreset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
TMC51 TCES51 0 0 0 0 0 0 0
TCE51 TM51 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

(3) Port mode register 3 (PM3)

This register sets port 3 input/output in 1-bit units.
When using the T151/P30/TOH1/INTP1 pin for timer input, set PM30 to 1. The output latch of P30 at this time may be

Oorl.
PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 8-6. Format of Port Mode Register 3 (PM3)

Address: FF23H  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 |
PM3n P3n pin I/O mode selection (n =010 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

The figure shown above presents the format of port mode register 3 of the 78K0/FB2-L. For the

Remark
format of port mode register 3 of other products, refer to (1) Port mode registers (PMxx) in 4.3
Registers Controlling Port Function.
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8.4 Operations of 8-bit Timer/Event Counter 51

8.4.1 Operation as interval timer

8-bit timer/event counter 51 operates as an interval timer that generates interrupt requests repeatedly at intervals of the
count value preset to 8-bit timer compare register 51 (CR51).

When the count value of 8-bit timer counter 51 (TM51) matches the value set to CR51, counting continues with the
TM51 value cleared to 0 and an interrupt request signal (INTTM51) is generated.

The count clock of TM51 can be selected with bits 0 to 2 (TCL510 to TCL512) of timer clock selection register 51
(TCL51).

<1> Setthe registers.

e TCL51: Select the count clock.

e CR51: Compare value

e TMC51: Stop the count operation.

(TMC51 = 00000000B)

<2> After TCE51 = 1 is set, the count operation starts.
<3> |If the values of TM51 and CR51 match, INTTM51 is generated (TM51 is cleared to O0H).
<4> [INTTM5L1 is generated repeatedly at the same interval.

Set TCES5L1 to 0 to stop the count operation.

Caution Do not write other values to CR51 during operation.

Remark For how to enable the INTTM51 signal interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.
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Figure 8-7. Interval Timer Operation Timing

(a) Basic operation

[ S

camsose T[] S N N N R N

I 1 I
TMs1countvalue _ 00H XoiHX X N XooH Xo1H X XN XoonXoiHX XN X

A A X

Count start Cllear Cllear E

CRS51 N - N - N N
| | |
TCE51 | - - |
INTTM51 __ I_l __ I_l __ I_

. A . A |

1 Interrupt acknowledged 1 Interrupt acknowledged X

| | |

| Interval time | Interval time |

Remark Interval time = (N + 1) xt, N = 01H to FFH

(b) When CR51 = 00H

TM51 00H

CR51

TCES1 |

INTTM51 ||||||||||||

(c) When CR51 = FFH

1 1
-
1 1

Interval time

Count clock ||||__||||||||||__||||||||||

TM51 [ o1H | [ FEH | FFH | o0H | [ FEH | FFH | 00H |
1 1
CR51 FFH N FFH ! N FFH |
1 1
J— | J— |
1 1
TCESL | : :
1 1

INTTM51 [] []

A
Interrupt acknowledged

A
Interrupt
acknowledged

Interval time
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8.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses to be input to the TI51 pin by 8-bit timer counter
51 (TM51).

TM51 is incremented each time the valid edge specified by timer clock selection register 51 (TCL51) is input. Either the
rising or falling edge can be selected.

When the TM51 count value matches the value of 8-bit timer compare register 51 (CR51), TM51 is cleared to 0 and an
interrupt request signal (INTTM51) is generated.

Whenever the TM51 value matches the value of CR51, INTTM51 is generated.

<1> Set each register.
e Set the port mode register (PM30) to 1.
e TCL51: Select TI51 pin input edge.
TI51 pin falling edge — TCL51 = O0OH
TI51 pin rising edge — TCL51 = 01H
e CR51: Compare value
e TMCS51: Stop the count operation. (TMC51 = 00000000B)
<2> When TCE51 = 1 is set, the number of pulses input from the TI51 pin is counted.
<3> When the values of TM51 and CR51 match, INTTM51 is generated (TM51 is cleared to 00H).
<4> After these settings, INTTM51 is generated each time the values of TM51 and CR51 match.

Remark For how to enable the INTTM51 signal interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.

Figure 8-8. External Event Counter Operation Timing (with Rising Edge Specified)

e [T Tt

A

|
Count start 3
F— |

M1 count value X 00H X 01H X 02H  03H X041 osHX XN -1X N XooH Xo1r X o2+ X 03t X
|

CR51 N
|

INTTM51 |—|

Remark N =00H to FFH
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8.5 Cautions for 8-bit Timer/Event Counter 51
(1) Timer start error
An error of up to one clock may occur in the time required for a match signal to be generated after timer start. This is

because 8-bit timer counter 51 (TM51) are started asynchronously to the count clock.

Figure 8-9. 8-bit Timer Counter 51 (TM51) Start Timing

Count clock | | | | | | | |

TM51 count value 00H X o0mH X o02H X 03H X 04H

Timer start

(2) Reading of 8-bit timer counter 51 (TM51)
TM51 can be read without stopping the actual counter, because the count values captured to the buffer are fixed
when it is read. The buffer, however, may not be updated when it is read immediately before the counter counts up,
because the buffer is updated at the timing the counter counts up.

Figure 8-10. 8-bit Timer Counter 51 (TM51) Read Timing

Conteock __ | | [ | | L[ L LI L_f:L_1 |
TM51 count value X 341 X 350 X 361 X 37H X 384 X 304 X 3an X 38H
Read buffer X 3an X 35H X_3tn X 38H X__3BH

Read signal | | | |
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CHAPTER 9 8-BIT TIMER H1

9.1 Functions of 8-bit Timer H1

8-bit timer H1 is mounted onto all 78K0/Fx2-L microcontroller products.
8-bit timer H1 has the following functions.

e Interval timer

e Square-wave output
e PWM output

e Carrier generator

9.2 Configuration of 8-bit Timer H1

8-bit timer H1 includes the following hardware.

Table 9-1. Configuration of 8-bit Timer H1

Item

Configuration

Timer register

8-bit timer counter H1

Registers

8-bit timer H compare register 01 (CMPO01)
8-bit timer H compare register 11 (CMP11)

Timer output

TOH1, output controller

Control registers

8-bit timer H mode register 1 (TMHMD1)

8-bit timer H carrier control register 1 (TMCYC1)
Port mode register 3 (PM3)

Port register 3 (P3)

Figure 9-1 shows the block diagram.
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@)

@)

8-bit timer H compare register 01 (CMPO01)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in all of the
timer operation modes.

This register constantly compares the value set to CMP01 with the count value of the 8-bit timer counter H1 and,
when the two values match, generates an interrupt request signal (INTTMH1) and inverts the output level of TOH1.
Rewrite the value of CMPO1 while the timer is stopped (TMHE1 = 0).

A reset signal generation clears this register to O0H.

Figure 9-2. Format of 8-bit Timer H Compare Register 01 (CMP01)

Address: FF1AH After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
cmPot. | | | | | | | | |

Caution CMPO1 cannot be rewritten during timer count operation. CMPO1 can be refreshed (the same value
is written) during timer count operation.

8-bit timer H compare register 11 (CMP11)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in the PWM
output mode and carrier generator mode.

In the PWM output mode, this register constantly compares the value set to CMP11 with the count value of the 8-bit
timer counter H1 and, when the two values match, inverts the output level of TOH1. No interrupt request signal is
generated.

In the carrier generator mode, the CMP11 register always compares the value set to CMP11 with the count value of
the 8-bit timer counter H1 and, when the two values match, generates an interrupt request signal (INTTMH1). At the
same time, the count value is cleared.

CMP11 can be refreshed (the same value is written) and rewritten during timer count operation.

If the value of CMP11 is rewritten while the timer is operating, the new value is latched and transferred to CMP11
when the count value of the timer matches the old value of CMP11, and then the value of CMP11 is changed to the
new value. If matching of the count value and the CMP11 value and writing a value to CMP11 conflict, the value of
CMP11 is not changed.

A reset signal generation clears this register to O0H.

Figure 9-3. Format of 8-bit Timer H Compare Register 11 (CMP11)

Address: FF1BH After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
cwP1 | | | | | | | | |

Caution In the PWM output mode and carrier generator mode, be sure to set CMP11 when starting the timer
count operation (TMHEL = 1) after the timer count operation was stopped (TMHEL = 0) (be sure to set
again even if setting the same value to CMP11).
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9.3 Registers Controlling 8-bit Timer H1

The following four registers are used to control 8-bit timer H1.

e 8-bit timer H mode register 1 (TMHMD1)

e 8-bit timer H carrier control register 1 (TMCYC1)
e Port mode register 3 (PM3)

e Port register 3 (P3)

(1) 8-bit timer H mode register 1 (TMHMD1)
This register controls the mode of timer H1.
This register 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 9-4. Format of 8-bit Timer H Mode Register 1 (TMHMD1)

Address: FF6CH  After reset: 00H R/W

<7> 6 5 4 3 2 <1> <0>
TMHMDL | TMHEL | cks12 | CKs11 | cKS10 | TMMD11|TMMD10| TOLEVI | TOENI |

TMHE1 Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)
CKS12 | CKS11 | CKS10 Count clock selection
fers = frrs = fers = frrs = 20
2 MHz 5 MHz 10 MHz  |MHz (when
using PLL)
0 0 0 frrs 2 MHz 5 MHz 10 MHz 20 MHz
0 0 1 fers/2? | 500 kHz |1.25 MHz|2.5 MHz |5 MHz
0 1 0 frrs/2* | 125 kHz |312.5 kHz|625 kHz | 1.25 MHz
0 1 1 fers/2° | 31.25 kHz| 78.13 kHz | 156.25 kHz | 312.5 kHz
1 0 0 fPrs/2'?| 0.49 kHz | 1.22 kHz |2.44 kHz |4.88 kHz
1 0 1 |fw/2® |0.47 kHz (TYP.)
1 1 0 fi/2' 1 0.92 Hz (TYP.)
1 1 1 |fu 30 kHz (TYP.)
TMMD11| TMMD10 Timer operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
1 1 Setting prohibited
TOLEV1 Timer output level control (in default mode)
0 Low level

1 High level

TOEN1 Timer output control
0 Disables output
1 Enables output

Cautions 1. When TMHEL = 1, setting the other bits of TMHMD1 is prohibited. However, TMHMD1

can be refreshed (the same value is written).

2. In the PWM output mode and carrier generator mode, be sure to set the 8-bit timer H
compare register 11 (CMP11) when starting the timer count operation (TMHE1 = 1)
after the timer count operation was stopped (TMHEL = 0) (be sure to set again even if
setting the same value to CMP11).

3. When the carrier generator mode is used, set so that the count clock frequency of
TMH1 becomes more than 6 times the count clock frequency of TM51.

4. The actual output of the TOH1/P30/TI51/INTP1 pin is determined by PM30 and P30, in
addition to the TOH1 output.
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Remarks 1. fers: Peripheral hardware clock frequency
2. fw:  Internal low-speed oscillation clock frequency

(2) 8-bit timer H carrier control register 1 (TMCYC1)
This register controls the remote control output and carrier pulse output status of 8-bit timer H1.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0OH.

Figure 9-5. Format of 8-bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FF6DH  After reset: 00H  R/w"°te

7 6 5 4 3 2 1 <0>
™cyer [ o | o | o | o | o |Rmct [NRzB1| NRZL |
RMC1 NRzZB1 Remote control output
0 0 Low-level output
0 1 High-level output at rising edge of INTTM51 signal input
1 0 Low-level output
1 1 Carrier pulse output at rising edge of INTTM51 signal input

NRZ1 Carrier pulse output status flag
0 Carrier output disabled status (low-level status)
1 Carrier output enabled status

(RMC1 = 1: Carrier pulse output, RMC1 = 0: High-level status)

Note Bit 0 is read-only.

Caution Do not rewrite RMC1 when TMHE = 1. However, TMCYCL1 can be refreshed (the same
value is written).
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(3) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the TOH1/P30/TI51/INTP1 pin for timer output, clear PM30 and the output latch of P30 to 0.
PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 9-6. Format of Port Mode Register 3 (PM3)

Address: FF23H  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 |
PM3n P3n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Remark The figure shown above presents the format of port mode register 3 of the 78K0/FB2-L. For the
format of port mode register 3 of other products, refer to (1) Port mode registers (PMxx) in 4.3
Registers Controlling Port Function.
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9.4 Operation of 8-bit Timer H1

9.4.1 Operation as interval timer/square-wave output

When the 8-bit timer counter H1 and compare register 01 (CMP01) match, an interrupt request signal (INTTMH1) is
generated and the 8-bit timer counter H1 is cleared to O0H.

Compare register 11 (CMP11) is not used in interval timer mode. Since a match of the 8-bit timer counter H1 and the
CMP11 register is not detected even if the CMP11 register is set, timer output is not affected.

By setting bit 0 (TOEN1) of timer H mode register n (TMHMD1) to 1, a square wave of any frequency (duty = 50%) is
output from TOH1.

<1>

Set each register.

Figure 9-7. Register Setting During Interval Timer/Square-Wave Output Operation

(i) Setting timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

TMHMDll 0 \ o1 \ o1 \ 0/1\ 0 \ 0 \ o \ 0/1|

<2>

<3>

<4>

Timer output setting

Default setting of timer output level

Interval timer mode setting

Count clock (fent) selection

Count operation stopped

(i) CMPOL1 register setting
The interval time is as follows if N is set as a comparison value.

e Interval time = (N +1)/fcnt

Count operation starts when TMHE1 = 1.

When the values of the 8-bit timer counter H1 and the CMPO1 register match, the INTTMHL1 signal is generated
and the 8-bit timer counter H1 is cleared to O0H.

Subsequently, the INTTMH1 signal is generated at the same interval. To stop the count operation, clear TMHE1
to 0.

Remarks 1. For the setting of the output pin, refer to 9.3 (3) Port mode register 3 (PM3).

2. For how to enable the INTTMH1 signal interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.
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Figure 9-8. Timing of Interval Timer/Square-Wave Output Operation (1/2)

(a) Basic operation (Operation When 01H < CMPO1 < FEH)

Count clock ||||S<||||||||S||||||

é Count start

>

: X N XOOHXOlHX X ~ X oon Yo1rfooH

Clear

8-bit timer counter H1 OOHX 01H X

CMPOLl ! N

L

h

INTTMHL ! . | |
, ) Interval time )
: . . .
TOHL !
<1> <2> <2> <3>
Level inversion, Level inversion,

match interrupt occurrence, match interrupt occurrence,
8-hit timer counter H1 clear 8-bit timer counter H1 clear

<1> The count operation is enabled by setting the TMHE1 bit to 1. The count clock starts counting no more than 1
clock after the operation is enabled.

<2> When the value of the 8-bit timer counter H1 matches the value of the CMPOL1 register, the value of the timer
counter is cleared, and the level of the TOH1 output is inverted. In addition, the INTTMH1 signal is output at the
rising edge of the count clock.

<3> |If the TMHEZ1 bit is cleared to O while timer H is operating, the INTTMH1 signal and TOH1 output are set to the
default level. If they are already at the default level before the TMHE1L bit is cleared to O, then that level is
maintained.

Remark O01H <N <FEH
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Figure 9-8. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMP01 = FFH

Count clock ||||s(||||||||s(||||||

,‘ Count start

8-bit timer counter H1 0oH X 01+ X X Fer X FrH X ooH X X Fen X FRH X OOHX:
1 1

. Clear i Clear

CMPO1 FFH

TMHE1 | ;
INTTMH1 | |

TOH1

Interval time

(c) Operation when CMPO1 = 00H

Count clock ||||||||||||||||||||||

A
+ Count start

8-bit timer counter H1 00H

CMPO1 O00H

TMHE1 |

INTTMH1

ToH1 [ S I

' '
Lo

Interval time
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9.4.2 Operation as PWM output

In PWM output mode, a pulse with an arbitrary duty and arbitrary cycle can be output.

The 8-bit timer compare register 01 (CMPO01) controls the cycle of timer output (TOH1). Rewriting the CMPO1 register
during timer operation is prohibited.

The 8-bit timer compare register 11 (CMP11) controls the duty of timer output (TOH1). Rewriting the CMP11 register
during timer operation is possible.

The operation in PWM output mode is as follows.

PWM output (TOH1 output) outputs an active level and 8-bit timer counter H1 is cleared to O when 8-bit timer counter
H1 and the CMPOL1 register match after the timer count is started. PWM output (TOH1 output) outputs an inactive level
when 8-bit timer counter H1 and the CMP11 register match.

<1> Set each register.
Figure 9-9. Register Setting in PWM Output Mode

(i) Setting timer H mode register 1 (TMHMDZ1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

TMHMD1| 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 1 ‘ 0 ‘ 0/1 ‘ 1 |

| | L] L

Timer output enabled

Default setting of timer output level

PWM output mode selection

Count clock (fent) selection

Count operation stopped

(ii) Setting CMPO1 register
e Compare value (N): Cycle setting

(iii) Setting CMP11 register
e Compare value (M): Duty setting

Remark 00H < CMP11 (M) < CMPO1 (N) < FFH

<2> The count operation starts when TMHE1 = 1.

<3> The CMPO1 register is the compare register that is to be compared first after counter operation is enabled. When
the values of the 8-bit timer counter H1 and the CMPO1 register match, the 8-bit timer counter H1 is cleared, an
interrupt request signal (INTTMH1) is generated, and an active level is output. At the same time, the compare
register to be compared with the 8-bit timer counter H1 is changed from the CMPO1 register to the CMP11
register.

<4> When the 8-bit timer counter H1 and the CMP11 register match, an inactive level is output and the compare
register to be compared with the 8-bit timer counter H1 is changed from the CMP11 register to the CMP01
register. At this time, the 8-bit timer counter H1 is not cleared and the INTTMHL1 signal is not generated.
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<5> By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained.

<6> To stop the count operation, set TMHE1 = 0.
If the setting value of the CMPOL1 register is N, the setting value of the CMP11 register is M, and the count clock
frequency is fent, the PWM pulse output cycle and duty are as follows.

e PWM pulse output cycle = (N + 1)/fent
e Duty = (M + 1)/(N + 1)

Cautions 1. The set value of the CMP11 register can be changed while the timer counter is operating.
However, this takes a duration of three operating clocks (signal selected by the CKS12 to CKS10
bits of the TMHMD1 register) from when the value of the CMP11 register is changed until the
value is transferred to the register.

2. Be sure to set the CMP11 register when starting the timer count operation (TMHEL1 = 1) after the
timer count operation was stopped (TMHE1 = 0) (be sure to set again even if setting the same
value to the CMP11 register).

3. Make sure that the CMP11 register setting value (M) and CMPO1 register setting value (N) are
within the following range.
00H < CMP11 (M) < CMPO1 (N) < FFH

Remarks 1. For the setting of the output pin, refer to 9.3 (3) Port mode register 3 (PM3).
2. For details on how to enable the INTTMHL1 signal interrupt, refer to CHAPTER 17 INTERRUPT

FUNCTIONS.
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(a) Basic operation

Count clock | | | | g

Figure 9-10. Operation Timing in PWM Output Mode (1/4)

SRS S R RN . N —

8-bit timer counter H1 00H ' @@ @@m I 00H

<1>

<2>

<3>

<4>

A5H

CMPOL ( (
CMP11 . 01H ) )
TvrEn | A A N
INTTMH1 I | | | | | |_|
TOH1 ! ' | I—l
(TOLEV1 = 0) ___ " . ‘ T
<1> 1<2> 1<3> i i | <4>
TOH1 ‘ ' ' ; ' ' g |_|
(TOLEV1 =1) | | | |

The count operation is enabled by setting the TMHE1 bit to 1. Start the 8-bit timer counter H1 by masking one

count clock to count up. At this time, PWM output outputs an inactive level.

When the values of the 8-bit timer counter H1 and the CMPO1 register match, an active level is output. At this

time, the value of the 8-bit timer counter H1 is cleared, and the INTTMHL signal is output.

When the values of the 8-bit timer counter H1 and the CMP11 register match, an inactive level is output. At this

time, the 8-bit timer counter value is not cleared and the INTTMH1 signal is not output.

Clearing the TMHEZ1 bit to 0 during timer H1 operation sets the INTTMH1 signal to the default and PWM output to

an inactive level.
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78K0/Fx2-L

Figure 9-10. Operation Timing in PWM Output Mode (2/4)
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(b) Operation when CMP0O1
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(c) Operation when CMPO1
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Figure 9-10. Operation Timing in PWM Output Mode (3/4)

(d) Operation when CMPO1 = 01H, CMP11 = O0H

CMPO1

CMP11

TMHEL1

INTTMH1

TOH1
(TOLEV1 = 0)

01H
“00H
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Figure 9-10. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP11 (CMP11 = 02H — 03H, CMPO01 = A5H)

St tmer (rsrooroaroerifosr). Yesrioorkourozroar)

( ( L L ( L -

CMPO1 ASH

, g g s g
CMP11 o2H X 02H (03H) ?( 03H
--SS ------------------- (¢ (¢
TMHEL J § 5

N
[\S]
\Y

INTTMH1

]

TOH1

(TOLEV1 = 0) T g 4 ﬁﬁ—l ' '—l_—\*

<1> <3> <4> <5> <6>

<1> The count operation is enabled by setting TMHE1 = 1. Start the 8-bit timer counter H1 by masking one count
clock to count up. At this time, PWM output outputs an inactive level.

<2> The CMP11 register value can be changed during timer counter operation. This operation is asynchronous to the
count clock.

<3> When the values of the 8-bit timer counter H1 and the CMPO1 register match, the value of the 8-bit timer counter
H1 is cleared, an active level is output, and the INTTMHL1 signal is output.

<4> If the CMP11 register value is changed, the value is latched and not transferred to the register. When the values
of the 8-bit timer counter H1 and the CMP11 register before the change match, the value is transferred to the
CMP11 register and the CMP11 register value is changed (<2>’).
However, three count clocks or more are required from when the CMP11 register value is changed to when the
value is transferred to the register. If a match signal is generated within three count clocks, the changed value
cannot be transferred to the register.

<5> When the values of the 8-bit timer counter H1 and the CMP11 register after the change match, an inactive level is
output. The 8-bit timer counter H1 is not cleared and the INTTMH1 signal is not generated.

<6> Clearing the TMHEL1 bit to O during timer H1 operation sets the INTTMH1 signal to the default and PWM output to
an inactive level.
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9.4.3 Carrier generator operation

In the carrier generator mode, the 8-bit timer H1 is used to generate the carrier signal of an infrared remote controller,
and the 8-bit timer/event counter 51 is used to generate an infrared remote control signal (time count).

The carrier clock generated by the 8-bit timer H1 is output in the cycle set by the 8-bit timer/event counter 51.

In carrier generator mode, the output of the 8-bit timer H1 carrier pulse is controlled by the 8-bit timer/event counter 51,
and the carrier pulse is output from the TOH1 output.

(1) Carrier generation
In carrier generator mode, the 8-bit timer H compare register 01 (CMPO01) generates a low-level width carrier pulse
waveform and the 8-bit timer H compare register 11 (CMP11) generates a high-level width carrier pulse waveform.
Rewriting the CMP11 register during the 8-bit timer H1 operation is possible but rewriting the CMPO1 register is
prohibited.

(2) Carrier output control
Carrier output is controlled by the interrupt request signal (INTTM51) of the 8-bit timer/event counter 51 and the
NRZB1 and RMC1 bits of the 8-hit timer H carrier control register (TMCYCL1). The relationship between the outputs is
shown below.

RMC1 Bit NRZB1 Bit Output
0 0 Low-level output
0 1 High-level output at rising edge of
INTTM51 signal input
1 0 Low-level output
1 1 Carrier pulse output at rising edge of

INTTM51 signal input

RO1UHO068EJ0203 Rev.2.03 R nS 322
Jun 29, 2012 ENES



78K0/Fx2-L CHAPTER 9 8-BIT TIMER H1

To control the carrier pulse output during a count operation, the NRZ1 and NRZB1 bits of the TMCYCL1 register have
a master and slave bit configuration. The NRZ1 bit is read-only but the NRZB1 bit can be read and written. The
INTTM51 signal is synchronized with the 8-bit timer H1 count clock and is output as the INTTM5H1 signal. The
INTTM5H1 signal becomes the data transfer signal of the NRZ1 bit, and the NRZB1 bit value is transferred to the
NRZ1 bit. The timing for transfer from the NRZB1 bit to the NRZ1 bit is as shown below.

Figure 9-11. Transfer Timing

TMHEL _|
8-bit timer H1 | | l | l | | | | | | | | | l | l | | |
count clock ' ' ‘ i
INTTM51 _,_'_Fl |_'_F|—
INTTM5H1 | | | |
<1> :
NRZ1 0 X 1 X 0
//<2> /
NRZB1 1 )f( 0 X 1
<3>

rRMC1  _|

<1> The INTTM51 signal is synchronized with the count clock of the 8-bit timer H1 and is output as the INTTM5H1
signal.

<2> The value of the NRZBL1 bit is transferred to the NRZ1 bit at the second clock from the rising edge of the
INTTM5H1 signal.

<3> Write the next value to the NRZB1 bit in the interrupt servicing program that has been started by the INTTM5H1
interrupt or after timing has been checked by polling the interrupt request flag. Write data to count the next time
to the CR51 register.

Cautions 1. Do not rewrite the NRZB1 bit again until at least the second clock after it has been rewritten, or
else the transfer from the NRZB1 bit to the NRZ1 bit is not guaranteed.
2. When the 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is
generated at the timing of <1>. When the 8-bit timer/event counter 51 is used in a mode other
than the carrier generator mode, the timing of the interrupt generation differs.

Remark INTTM5H1 is an internal signal and not an interrupt source.
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<1>

Set each register.

Figure 9-12. Register Setting in Carrier Generator Mode

(i) Setting 8-bit timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

TMHMDll 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 1 ‘ 0/1 ‘ 1 |

| | L] L

Timer output enabled

Default setting of timer output level

Carrier generator mode selection

Count clock (fent) selection

Count operation stopped

(i) CMPOL1 register setting
e Compare value

(iif) CMP11 register setting
e Compare value

(iv) TMCYCL1 register setting
e RMC1 =1 ... Remote control output enable bit
e NRZB1 = 0/1 ... Carrier output enable bit

(v) TCL51 and TMC51 register setting
o Refer to 8.3 Registers Controlling 8-bit Timer/Event Counter 51.

<2> When TMHEL = 1, the 8-bit timer H1 starts counting.

<3> When TCE51 of the 8-bit timer mode control register 51 (TMC51) is set to 1, the 8-bit timer/event counter 51
starts counting.

<4> After the count operation is enabled, the first compare register to be compared is the CMPO1 register. When
the count value of the 8-bit timer counter H1 and the CMPO1 register value match, the INTTMHL1 signal is
generated, the 8-bit timer counter H1 is cleared. At the same time, the compare register to be compared with
the 8-bit timer counter H1 is switched from the CMPO1 register to the CMP11 register.

<5> When the count value of the 8-bit timer counter H1 and the CMP11 register value match, the INTTMH1 signal is
generated, the 8-bit timer counter H1 is cleared. At the same time, the compare register to be compared with
the 8-bit timer counter H1 is switched from the CMP11 register to the CMPOL1 register.

<6> By performing procedures <4> and <5> repeatedly, a carrier clock is generated.

<7> The INTTM51 signal is synchronized with count clock of the 8-bit timer H1 and output as the INTTM5H1 signal.
The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

<8> Write the next value to the NRZB1 bit in the interrupt servicing program that has been started by the INTTM5H1
interrupt or after timing has been checked by polling the interrupt request flag. Write data to count the next time
to the CR51 register.

<9> When the NRZ1 bit is high level, a carrier clock is output by TOH1 output.
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<10> By performing the procedures above, an arbitrary carrier clock is obtained. To stop the count operation, clear
TMHEZ1 to 0.

If the setting value of the CMPOL1 register is N, the setting value of the CMP11 register is M, and the count clock
frequency is fen, the carrier clock output cycle and duty are as follows.

e Carrier clock output cycle = (N + M + 2)/fent
e Duty = High-level width/carrier clock output width = (M + 1)/(N + M + 2)

Cautions 1. Be sure to set the CMP11 register when starting the timer count operation (TMHEL1 = 1)
after the timer count operation was stopped (TMHE1 = 0) (be sure to set again even if
setting the same value to the CMP11 register).

2. Set so that the count clock frequency of TMH1 becomes more than 6 times the count clock
frequency of TM51.

3. Set the values of the CMP0O1 and CMP11 registers in arange of 01H to FFH.

4. The set value of the CMP11 register can be changed while the timer counter is operating.
However, it takes the duration of three operating clocks (signal selected by the CKS12 to
CKS10 bits of the TMHMDL1 register) since the value of the CMP11 register has been
changed until the value is transferred to the register.

5. Be sureto set the RMC1 bit before the count operation is started.

Remarks 1. For the setting of the output pin, refer to 9.3 (3) Port mode register 3 (PM3).
2. For how to enable the INTTMH1 signal interrupt, refer to CHAPTER 17 INTERRUPT
FUNCTIONS.
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Figure 9-13. Carrier Generator Mode Operation Timing (1/3)

(@) Operation when CMP0O1 =N, CMP11 =N

8-bit timer H1
count clock ,_|_|_
8-bit timer counter
H1 count value 00mXC YR XGOEC, X R XEoRC, X 00X, X XeoR X XeoBC X
CMPO1 ‘ , N__ \ ‘
CMP11 ‘ N
TMHEL | ’ ‘
INTTMH1 1
<3> <4>
<1><2> | e —
Carrierclock | | I ,
8-bit timer 51 : " M
count clock m '
TM51 count value K X00nX01D ) oiH
CRS51 K [ Xt X W - N
TCE51 | ‘
V<>
INTTM51 ' H 1
INTTM5HL , : "
NRzB1 01T X 0 X1 X 0
RS |
NRZ1 Q ) 0 1 0
\‘ )
Carrier clock |||||||||||‘|||||||||||||||||||||||||
TOH1  Mrse M
<1> When TMHE1 = 0 and TCES51 = 0, the 8-bit timer counter H1 operation is stopped.
<2> When TMHEL = 1 is set, the 8-bit timer counter H1 starts a count operation. At that time, the carrier clock
remains default.
<3> When the count value of the 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMHL1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-bit timer
counter H1 is switched from the CMPOL1 register to the CMP11 register. The 8-bit timer counter H1 is cleared to
OOH.
<4>

When the count value of the 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-bit timer
counter H1 is switched from the CMP11 register to the CMPOL1 register. The 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to 50% is generated.

When the INTTM51 signal is generated, it is synchronized with the 8-bit timer H1 count clock and is output as the
INTTM5H1 signal.

<5>

<6> The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is transferred
to the NRZ1 bit.

<7> When NRZ1 = 0 is set, the TOH1 output becomes low level.

Remark INTTM5H1 is an internal signal and not an interrupt source.
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Figure 9-13. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11 =M

8-bit timer H1
count clock
8-bit timer counter
H1 count value 00HX_, XN X00HX01HX XM X0oEX_,, X _N_X00HXD1H) 00H
CMPO1 ‘ , (N . .
CMP11 ( M I
TMHEL |
INTTMH1
<3> <4>
<1><2> ¢ —
Carrierclock — |\

8-bit timer 51
count clock

TM51 count value 00HX01HX

CR51 K,

TCE51 | ' ; ’

INTTM51 .

INTTM5H1 .

NRzB1 0 X T >0 X 1 X0

NRZ1 O 1 0, 1 0
Carrier clock ﬁl—u—u—u—ﬁﬂ*—rm*—rmﬁr1 1
<6>
TOH1 [ P 1 ) s I s s i )

<1> When TMHEL = 0 and TCES51 = 0, the 8-bit timer counter H1 operation is stopped.

<2> When TMHEL = 1 is set, the 8-bit timer counter H1 starts a count operation. At that time, the carrier clock
remains default.

<3> When the count value of the 8-bit timer counter H1 matches the CMPOL1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-bit timer
counter H1 is switched from the CMPOL1 register to the CMP11 register. The 8-bit timer counter H1 is cleared to
OOH.

<4> When the count value of the 8-bit timer counter H1 matches the CMP11 register value, the INTTMHL1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-bit timer
counter H1 is switched from the CMP11 register to the CMPOL1 register. The 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to other than 50% is
generated.

<5> When the INTTM51 signal is generated, it is synchronized with the 8-bit timer H1 count clock and is output as the
INTTM5H1 signal.

<6> A carrier signal is output at the first rising edge of the carrier clock if NRZ1 is set to 1.

<7> When NRZ1 = 0, the TOH1 output is held at the high level and is not changed to low level while the carrier clock
is high level (from <6> and <7>, the high-level width of the carrier clock waveform is guaranteed).

Remark INTTM5H1 is an internal signal and not an interrupt source.
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Figure 9-13. Carrier Generator Mode Operation Timing (3/3)

(c) Operation when CMP11 is changed

8-bit timer H1
count clock

P it countvaive_XeorXor Y Yoororr) (N Xoorforrk,_ X L Joor

CMPO1 ( ) N (
<3> <3>’
S Y Ll SELEEEPP dfpmmmmnned 4 g
CMP11 M G X L .
TMHE1L

INTTMH1 | | |
(( [ (

<2> ( <4> . <5>

Carrier clock <1>

<1> When TMHEL1 = 1 is set, the 8-bit timer H1 starts a count operation. At that time, the carrier clock remains default.

<2> When the count value of the 8-bit timer counter H1 matches the value of the CMPO1 register, the INTTMH1
signal is output, the carrier signal is inverted, and the timer counter is cleared to OOH. At the same time, the
compare register whose value is to be compared with that of the 8-bit timer counter H1 is changed from the
CMPOL1 register to the CMP11 register.

<3> The CMPL11 register is asynchronous to the count clock, and its value can be changed while the 8-bit timer H1 is
operating. The new value (L) to which the value of the register is to be changed is latched. When the count
value of the 8-bit timer counter H1 matches the value (M) of the CMP11 register before the change, the CMP11
register is changed (<3>").
However, it takes three count clocks or more since the value of the CMP11 register has been changed until the
value is transferred to the register. Even if a match signal is generated before the duration of three count clocks
elapses, the new value is not transferred to the register.

<4> When the count value of 8-bit timer counter H1 matches the value (M) of the CMP11 register before the change,
the INTTMHL1 signal is output, the carrier signal is inverted, and the timer counter is cleared to OOH. At the same
time, the compare register whose value is to be compared with that of the 8-bit timer counter H1 is changed from
the CMP11 register to the CMPOL1 register.

<5> The timing at which the count value of the 8-bit timer counter H1 and the CMP11 register value match again is
indicated by the value after the change (L).
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CHAPTER 10 WATCHDOG TIMER

10.1 Functions of Watchdog Timer

The watchdog timer is mounted onto all 78K0/Fx2-L microcontroller products.

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.

e If the watchdog timer counter overflows

¢ If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

¢ If data other than “ACH” is written to WDTE

¢ If data is written to WDTE during a window close period

¢ If the instruction is fetched from an area not set by the IMS register (detection of an invalid check while the CPU
hangs up)

o If the CPU accesses an area that is not set by the IMS register (excluding FBOOH to FFFFH) by executing a
read/write instruction (detection of an abnormal access during a CPU program loop)

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is setto 1. For
details of RESF, refer to CHAPTER 19 RESET FUNCTION.
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10.2 Configuration of Watchdog Timer
The watchdog timer includes the following hardware.

Table 10-1. Configuration of Watchdog Timer

Item Configuration

Control register Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, and window open period are set by the option byte.

Table 10-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer Option Byte (0080H)
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)

Remark For the option byte, refer to CHAPTER 23 OPTION BYTE.

Figure 10-1. Block Diagram of Watchdog Timer

CPU access

CPU access signal
error detector

WDCS2 to WDCSO of

option byte (0080H) i
27/fi to 2%/,
2%2fiL, 2Y4/fiL L
! ! Overflow
Clock 17-bit 285/, 2Y7/fiL signal Reset —
/2 —= input — | Selector output [—— Internal reset signal
counter controller
controller

Count clear Window size
signal determination
signal

WINDOW1 and WINDOWO

: Clear, t control
of option byte (0080H) ear, reset contro

WDTON of option Watchdog timer enable
byte (0080H) register (WDTE)

i

2 Internal bus 2
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10.3 Register Controlling 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 1AHNC'®,

Figure 10-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FF99H  After reset: 9AH/LAHY'®  R/W
Symbol 7 6 5 4 3

WDTE

Note The WDTE reset value differs depending on the WDTON setting value of the option byte (0080H). To

operate 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. If a value other than ACH is written to WDTE, an internal reset signal is generated.

If the

source clock to the watchdog timer is stopped, however, an internal reset signal is generated
when the source clock to the watchdog timer resumes operation.
2. If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset signal is
generated. If the source clock to the watchdog timer is stopped, however, an internal reset

signal is generated when the source clock to the watchdog timer resumes operation.
3. The value read from WDTE is 9AH/1AH (this differs from the written value (ACH)).
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10.4 Operation of Watchdog Timer

10.4.1 Controlling operation of watchdog timer
1. When the watchdog timer is used, its operation is specified by the option byte (0080H).

e Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (0080H) to 1 (the
counter starts operating after a reset release) (for details, refer to CHAPTER 23).

WDTON Operation Control of Watchdog Timer Counter/lllegal Access Detection
0 Counter operation disabled (counting stopped after reset), illegal access detection operation disabled
1 Counter operation enabled (counting started after reset), illegal access detection operation enabled

e Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (0080H) (for details, refer to
10.4.2 and CHAPTER 23).

e Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (0080H) (for
details, refer to 10.4.3 and CHAPTER 23).

2. 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.

4. 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.

5. 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.

¢ If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

¢ If data other than “ACH” is written to WDTE

¢ If the instruction is fetched from an area not set by the IMS register (detection of an invalid check during a CPU
program loop)

¢ If the CPU accesses an area not set by the IMS register (excluding FBOOH to FFFFH) by executing a read/write
instruction (detection of an abnormal access during a CPU program loop)

Cautions 1. The first writing to WDTE after a reset release clears the watchdog timer, if it is made before the
overflow time regardless of the timing of the writing, 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 (FFFFH).
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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 (LSROSC) of the option byte.

LSROSC = 0 (Internal Low-Speed LSROSC = 1 (Internal Low-Speed
Oscillator Can Be Stopped by Software) Oscillator Cannot Be Stopped)
In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.

In STOP mode

If LSROSC = 0, the watchdog timer resumes counting after the HALT or STOP mode is released.
At this time, the counter is not cleared to 0 but starts counting from the value at which it was
stopped.
If oscillation of the internal low-speed oscillator is stopped by setting LSRSTOP (bit 1 of the
internal oscillation mode/PLL control register (RCM) = 1) when LSROSC = 0, the watchdog timer
stops operating. At this time, the counter is not cleared to 0.

5. The watchdog timer continues its operation during self-programming and EEPROM™ emulation
of the flash memory. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.

10.4.2 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 (0080H).

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 10-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCS1 WDCSO0 Overflow Time of Watchdog Timer

0 0 0 27/fi (3.88 ms)
2% (7.76 ms)
2%/ (15.52 ms)
2" (31.03 ms)
2"/ (124.12 ms)
2"/ (496.48 ms)
2"/fiL (992.97 ms)
2YIfL (3.97 s)
Cautions 1. The combination of WDCS2 = WDCS1 = WDCS0 = 0 and WINDOW1 = WINDOWO = 0 is

prohibited.
2. The watchdog timer continues its operation during self-programming and EEPROM

0
0
0
1
1
1
1

Rl |lolo|r | |o
rlo|r|lo|r|o|r

emulation of the flash memory. 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. () fi=33 kHz (MAX.)
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10.4.3 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
(0080H). 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

) . Window open
’7 Window close period (75%) ——»f= 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 The first writing to WDTE after a reset release clears the watchdog timer, if it is made before the
overflow time regardless of the timing of the writing, and the watchdog timer starts counting again.

The window open period to be set is as follows.

Table 10-4. Setting Window Open Period of Watchdog Timer

WINDOW1 WINDOWO Window Open Period of Watchdog Timer
0 0 25%
0 1 50%
1 0 75%
1 1 100%

Cautions 1. The combination of WDCS2 = WDCS1 = WDCSO0 = 0 and WINDOW1 = WINDOWO = 0 is
prohibited.
2. The watchdog timer continues its operation during self-programming and EEPROM
emulation of the flash memory. During processing, the interrupt acknowledge time is
delayed. Set the overflow time and window size taking this delay into consideration.
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Remark If the overflow time is set to 2*7/fiL, the window close time and open time are as follows.

Setting of Window Open Period

25%

50%

75%

100%

Window close time

0to 3.64s

0t02.43s

Otol.21s

None

Window open time

3.64t03.97 s

2.43t03.97 s

1.21t03.97 s

0t03.97 s

<When window open period is 25%>

e Overflow time:

2'/fiL (MAX.) = 2'/33 kHz (MAX.) =3.97 s

¢ Window close time:

0to 2'7/fiL (MIN.) x (1 — 0.25) = 0 to 2*//27 kHz (MIN.) x 0.75 =010 3.64 s

e Window open time:

2/ (MIN.) x (1 — 0.25) to 2'"/fi. (MAX.) = 2'7/fiL 127 kHz (MIN.) x 0.75 to 2%7/33 kHz (MAX.)

=3.64t03.97s
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CHAPTER 11 A/D CONVERTER

Item

78KO/FY2-L (16 Pins)

78KO0/FA2-L (20 Pins)

78K0/FB2-L (30 Pins)

10-bit A/D converter

4 ch

6 ch

9ch

11.1 Function of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of up to 9 channels (ANIO to ANI8)

with a resolution of 10 bits.

The A/D converter has the following function.

e 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 ANI8 .
Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

Remark A/D converter analog input pins differ depending on products.
e 78KO/FY2-L: ANIO to ANI3
e 78K0/FA2-L: ANIO to ANI5
e 78KO0/FB2-L: ANIO to ANI8

RO1UHO068EJ0203 Rev.2.03
Jun 29, 2012

RENESAS

336



78K0/Fx2-L CHAPTER 11 A/D CONVERTER

Figure 11-1. Block Diagram of A/D Converter
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A/D port configuration A/D port configuration Note Analog input channel AID converter mode
register 1 (ADPC1) register 0 (ADPCO) specification register (ADS) register0 (ADMO)

Internal bus

Note 78KO0/FB2-L only.

Caution In the 78K0/FY2-L and 78KO0/FA2-L, Vss functions alternately as the ground potential of the A/D
converter. Be sure to connect Vss to a stabilized GND (=0 V).

Remark A/D converter analog input pins differ depending on products.
e 78K0O/FY2-L: ANIO to ANI3
o 78K0/FA2-L: ANIO to ANI5
e 78K0/FB2-L: ANIO to ANI8
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.2 Configuration of A/D Converter
The A/D converter includes the following hardware.

ANIO to ANI8 pins
These are the analog input pins of the 9-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.

Remark A/D converter analog input pins differ depending on products.
e 78K0/FY2-L: ANIO to ANI3
o 78KO0/FA2-L: ANIO to ANI5
e 78KO0/FB2-L: ANIO to ANI8

(2) Sample & hold circuit
The sample & hold circuit samples each of the analog input voltages sequentially sent from the input circuit, and
sends them to the A/D voltage comparator. This circuit also holds the sampled analog input voltage during A/D
conversion.

(3) Comparison voltage generator
The comparison voltage generator is connected between AVrer and AVss, and generates a voltage to be compared
with an analog input. The operation of the comparison voltage generator is enabled or disabled by using the ADCS
bit (bit 7 of the ADMO register). The power consumption can be reduced by stopping the operation of the comparison
voltage generator when A/D conversion is not performed.

(4) A/D voltage comparator
The A/D voltage comparator compares the sampled voltage values with the output voltage of the comparison voltage
generator. The operation of the A/D voltage comparator is enabled or disabled by using the ADCE bit (bit O of the
ADMO register). The power consumption can be reduced by stopping the operation of the A/D voltage comparator
when A/D conversion is not performed.

(5) Successive approximation register (SAR)
The SAR register is a 10-bit register that sets a result compared by the A/D voltage comparator, 1 bit at a time starting
from the most significant bit (MSB).
If data is set in the SAR register all the way to the least significant bit (LSB) (end of A/D conversion), the contents of
the SAR register (conversion results) are held in the A/D conversion result register (ADCR, ADCRH).

(6) 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 lower 10 bits (the higher 6 bits
are fixed to 0).

(7) 8-bit A/D conversion result register L (ADCRL)
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 lower 8 bits of the A/D conversion result.

(8) 8-bit A/D conversion result register H (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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(9) 10-bit A/D conversion result register for TMXn synchronization (ADCRXn)
If A/D conversion is started with the output of 16-bit timer Xn as the trigger, the conversion result is loaded from the
successive approximation register and the A/D conversion result is held in the lower 10 bits (the higher 6 bits are fixed
to 0) every time an A/D conversion ends.

(10) 8-bit A/D conversion result register L for TMXn synchronization (ADCRXnL)
If A/D conversion is started with the output of 16-bit timer Xn as the trigger, the conversion result is loaded from the
successive approximation register and the lower 8 bits of the A/D conversion result are held in ADCRXnL register,
every time an A/D conversion ends.

Caution When data is read from ADCR, ADCRL, ADCRH, ADCRX0, ADCRX1, ADCRXO0OL, and ADCRXIL, a
wait cycle is generated. Do not read data from ADCR, ADCRL, ADCRH, ADCRX0, ADCRX1,
ADCRXOL, and ADCRX1L when the peripheral hardware clock (fers) is stopped. For details, refer to
CHAPTER 31 CAUTIONS FOR WAIT.

(11) 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 all the specified A/D conversion has been completed, this
controller generates an A/D conversion end interrupt request signal (INTAD).

(12) AVRrer pin
This pin inputs an analog power/reference voltage to the A/D converter. Make this pin the same potential as the Vop
pin when ports 2 and 7 are used as a digital port.
The signal input to ANIO to ANI8 is converted into a digital signal, based on the voltage applied across AVrer and
AVss.

(13) AVss pin (78KO0/FB2-L only)
This is the ground potential pin of the A/D converter. Always use this pin at the same potential as that of the Vss pin
even when the A/D converter is not used.

(14) Vss pin
This is the ground potential pin. In the 78KO0/FY2-L and 78K0/FA2-L, Vss functions alternately as the ground potential
of the A/D converter. Be sure to connect Vss to a stabilized GND (= 0 V).

Remark n=0 :78KO0/FY2-L, 78K0/FA2-L
n=0,1:78K0/FB2-L
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11.3 Registers Used in A/D Converter

The A/D converter uses the following nine registers.

e A/D converter mode register 0 (ADMO)

e A/D port configuration registers 0, 1 (ADPCO, ADPC1)

e Analog input channel specification register (ADS)

e Port mode registers 2, 7 (PM2, PM7)

e 10-bit A/D conversion result register (ADCR)

e 8-bit A/D conversion result register L (ADCRL)

e 8-bit A/D conversion result register H (ADCRH)

e 10-bit A/D conversion result register for TMXn synchronization (ADCRXn)

e 8-bit A/D conversion result register L for TMXn synchronization (ADCRXnL)

Remark n=0 :78KO/FY2-L, 78K0O/FA2-L
n=0,1:78K0/FB2-L

(1) A/D converter mode register 0 (ADMO)

This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.

ADMO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 11-2. Format of A/D Converter Mode Register 0 (ADMO)

Address: FF28H After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1
ADMO ADCS 0 FRzNole 1 FRlNote 1 FRoNote 1 LVlNote 1 LvoNote 1
ADCS A/D conversion operation control
0 Stops conversion operation
1 Enables conversion operation
ADCE A/D voltage comparator operation controlN°t¢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, refer to Table 11-2 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.
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Table 11-1. 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 operation)

Figure 11-3. Timing Chart When Comparator Is Used

Comparator operation

A/D voltage comparator v/ ; \

! Conversion , Conversion . Conversion | Conversion
1 - T o T . i
! operation waiting ' operation '  stopped
ADCS !

—_ |
Note;
LVvO '
(set to high-speed mode 2) ___ |«
Note 2

Notes 1. To stabilize the internal circuit, the time from setting ADCE to 1 to setting ADCS to 1 must be 1 us or longer.
2. To stabilize the internal circuit, the time from setting LVO to 1 (high-speed mode 2) to setting ADCS to 1 must
be 1 us or longer (for operation mode setting, refer to Table 11-2).

Cautions 1. A/D conversion must be stopped before rewriting bits FRO to FR2, LV1, and LVO to values other
than the identical data.
2. If data is written to ADMO, a wait cycle is generated. Do not write data to ADMO when the
peripheral hardware clock (fers) is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR
WAIT.
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Table 11-2. A/D Conversion Time Selection (1/3)

(1) 40V <AVRer<5.5V

A/D Converter Mode Register 0 Mode Conversion Time Selection Conversion
(ADMO) Clock (fao)
FR2 | FR1 | FRO | LV1 | LVO frrs =4 MHz | frrs= 8 MHz |ferrs = 10 MHz | frrs = 20 MHz
(when using
PLL)
0 0 0 0 0 Standard |264/fers | 66.0 us 33.0 us 26.4 us 13.2 us frrs/12
0 0 1 176/fers | 44.0 us 22.0 us 17.6 us 8.8 us frrs/8
0 1 0 132/fers | 33.0 us 16.5 us 13.2 us 6.6 us frrs/6
0 1 1 88/fers 22.0 us 11.0 us 8.8 us Setting fers/4
1| 0] o 66/frs | 165 us 8.25 us 6.6 us prohibited | /3
1 0 1 44/fers 11.0 us Setting prohibited frrs/2
1 1 0 33/fers 8.25 us Setting prohibited frrs/1.5
1 1 1 22/fers Setting prohibited fers
1 0 0 1 0 | High-speed | 66/fers 16.5 us 8.25 us 6.6 us 3.3 us frrs/3
1 1 0 1 33/fers 8.25 us 4.125 us 3.3 us Setting frrs/1.5
prohibited
1 0 1 1 1 | High-speed | 44/fers 11.0 us 5.5 us 4.4 us Setting frrs/2
2 prohibited
1 1 1 22/fers 5.5 us Setting prohibited fers
Other than above Setting prohibited

Cautions 1. When rewriting FR2 to FRO, LV1, and LVO to other than the same data, stop A/D conversion once
(ADCS = 0) beforehand.
2. The above conversion time does not include clock frequency errors. Select conversion time,
taking clock frequency errors into consideration.

Remark fers: Peripheral hardware clock frequency
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Table 11-2. A/D Conversion Time Selection (2/3)

(2) 2.7V <AVRer < 4.0V

A/D Converter Mode Register 0 Mode Conversion Time Selection Conversion
(ADMO) Clock (fap)
FR2 | FR1 | FRO | LV1 | LVO frrs = 4 MHz | frrs = 8 MHz |frrs = 10 MHz | frrs = 20 MHz
(when using
PLL)

0 0 0 0 0 Standard | 264/frrs | 66.0 us 33.0 us 26.4 us 13.2 us frrs/12

0 0 1 176/frrs | 44.0 us 22.0 us 17.6 us Setting frrs/8

ol 1] o 132/fers | 33.0 s 165 us 13.2 s prohibited | ¢ /g

0 1 1 88/fers 22.0 us Setting prohibited fers/4

1 0 0 66/fers 16.5 us Setting prohibited frrs/3

1 0 1 44/fers Setting prohibited fers/2

1 1 0 33/fers Setting prohibited frrs/1.5

1 1 1 22/fers Setting prohibited fers

0 0 1 1 1 | High-speed | 176/frrs | 44.0 us 22.0 us 17.6 us 8.8 us frrs/8

0 1 0 2 132/frrs | 33.0 us 16.5 us 13.2 us 6.6 us frrs/6

0 1 1 88/fers 22.0 us 11.0 us 8.8 us 4.4 us fers/4

1 0 0 66/frrs 16.5 us 8.25 us 6.6 us Setting frrs/3

1] 0|1 44ffers | 11.0 us 5.5 us 4.4 us prohibited | ¢ />

1 1 0 33/fers 8.25 us Setting prohibited frrs/1.5

1 1 1 22/fers 5.5 us Setting prohibited fers

Other than above

Setting prohibited

Cautions 1. When rewriting FR2 to FRO, LV1, and LVO to other than the same data,

(ADCS = 0) beforehand.

2. The above conversion time does not include clock frequency errors.

taking clock frequency errors into consideration.

Remark fers: Peripheral hardware clock frequency

stop A/D conversion once

Select conversion time,
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Table 11-2. A/D Conversion Time Selection (3/3)

(3) 1.8 V< AVRer< 2.7V

A/D Converter Mode Register 0 Mode Conversion Time Selection Conversion
(ADMO) Clock (fap)
FR2 | FR1 | FRO | LV1 | LVO frrs=4 MHz | frrs= 8 MHz |frrs = 10 MHz |frrs = 20 MHz
(when using
PLL)
0 0 0 0 1 |Low-voltage | 528/fers | Setting 66.0 us 52.8 us Setting fers/12
prohibited prohibited
0 0 1 352/fers | Setting 44.0 us Setting Setting frrs/8
prohibited prohibited prohibited
0 1 0 264/frrs | 66.0 us Setting Setting Setting frrs/6
prohibited prohibited prohibited
0 1 1 176/fers | 44.0 us Setting Setting Setting frrs/4
prohibited prohibited prohibited
1 0 0 132/frrs | Setting prohibited frrs/3
1 0 1 88/fers Setting prohibited fers/2
1 1 0 66/frrs Setting prohibited frrs/1.5
1 1 1 44/fers Setting prohibited fers
Other than above Setting prohibited

Cautions 1. When rewriting FR2 to FRO, LV1, and LVO to other than the same data, stop A/D conversion once
(ADCS = 0) beforehand.
2. The above conversion time does not include clock frequency errors. Select conversion time,
taking clock frequency errors into consideration.

Remark fers: Peripheral hardware clock frequency
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Figure 11-4. A/D Converter Sampling and A/D Conversion Timing

ADCS « 1 or ADS rewrite

{5
ADCS
Sampling
timing [
))
INTAD |_|
((
)
Wait SAR Sampling | Successive conversion|Transfer | SAR Sampling
periodNote | clear to ADCR, | clear
INTAD
generation
1}
Conversion time Conversion time

Note For details of wait period, refer to CHAPTER 31 CAUTIONS FOR WAIT.

(2) 10-bit A/D conversion result register (ADCR)
This register is a 16-bit register that stores the A/D conversion result. The higher 6 bits are fixed to 0. Each time A/D
conversion ends, the conversion result is loaded from the successive approximation register.
The higher 2 bits of the conversion result are stored in FFO9H and the lower 8 bits of the conversion result are stored
in FFO8H.
ADCR can be read by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 11-5. Format of 10-bit A/D Conversion Result Register (ADCR)

Address: FFO8H, FFO9H  After reset: 0000H R

FFO9H FFO8H
Symbol A A

ADCR 0 0 0 0 0 0

Cautions 1. When writing to the A/D converter mode register 0 (ADMO0), analog input channel specification
register (ADS), and A/D port configuration registers 0, 1 (ADPCO, ADPC1), the contents of ADCR
may become undefined. Read the conversion result following conversion completion before
writing to ADMO, ADS, ADPCO, and ADPC1. Using timing other than the above may cause an
incorrect conversion result to be read.

2. If data is read from ADCR, a wait cycle is generated. Do not read data from ADCR when the
peripheral hardware clock (fers) is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR
WAIT.
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(3) 8-bit A/D conversion result register L (ADCRL)
This register is an 8-bit register that stores the A/D conversion result. The lower 8 bits of 10-bit resolution are stored.
ADCRL can be read by an 8-bhit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Cautions 1.

Figure 11-6. Format of 8-bit A/D Conversion Result Register L (ADCRL)

Address: FFO8H  Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
ADCRL | | | | | | | | |

When writing to the A/D converter mode register 0 (ADMO0), analog input channel specification
register (ADS), and A/D port configuration registers 0, 1 (ADPCO, ADPC1), the contents of ADCRL
may become undefined. Read the conversion result following conversion completion before
writing to ADMO, ADS, ADPCO, and ADPC1. Using timing other than the above may cause an
incorrect conversion result to be read.

If data is read from ADCRL, a wait cycle is generated. Do not read data from ADCRL when the
peripheral hardware clock (frrs) is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR
WAIT.

(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.

Cautions 1.

Figure 11-7. Format of 8-bit A/D Conversion Result Register (ADCRH)

Address: FFODH  Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
ADCRH | | | | | | | | |

When writing to the A/D converter mode register 0 (ADMOQ), analog input channel specification
register (ADS), and A/D port configuration registers 0, 1 (ADPCO, ADPC1), the contents of ADCRH
may become undefined. Read the conversion result following conversion completion before
writing to ADMO, ADS, ADPCO, and ADPC1. Using timing other than the above may cause an
incorrect conversion result to be read.

If data is read from ADCRH, a wait cycle is generated. Do not read data from ADCRH when the
peripheral hardware clock (fers) is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR
WAIT.
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(5) 10-bit A/D conversion result register for TMXn synchronization (ADCRXn)
ADCRXn is a 16-bit register that holds the A/D conversion result when A/D conversion is started with the output of 16-
bit timer Xn as the trigger. The higher 6 bits are fixed to 0. Each time A/D conversion ends, the conversion result is
loaded from the successive approximation register.
If A/D conversion is performed with the output of 16-bit timer X0 as the trigger, the higher 2 bits of the conversion
result are stored in FF17H and the lower 8 bits in FF16H of ADCRXO.
If A/ID conversion is performed with the output of 16-bit timer X1 as the trigger, the higher 2 bits of the conversion
result are stored in FF19H and the lower 8 bits in FF18H of ADCRX1.
ADCRXn can be read by a 16-bit memory manipulation instruction.
Reset signal generation clears ADCRXn to 0000H.

Figure 11-8. Format of 10-Bit A/D Conversion Result Register for TMXn Synchronization (ADCRXn)

Address: FF16H, FF17H (ADCRXO0), FF18H, FF19H (ADCRX1) After reset: 0000H R

FF17H (ADCRXO0), FF19H (ADCRX1) FF16H (ADCRXO0), FF18H (ADCRX1)
Symbol N A

ADCRXn
0 0 0 0 0 0
(n=0,1)

Cautions 1. When writing to the A/D converter mode register 0 (ADMO0), analog input channel specification
register (ADS), and A/D port configuration registers 0, 1 (ADPCO, ADPC1), the contents of
ADCRXn may become undefined. Read the conversion result following conversion completion
before writing to ADMO, ADS, ADPCO0, and ADPC1. Using timing other than the above may cause
an incorrect conversion result to be read.
2. If datais read from ADCRXn, a wait cycle is generated. Do not read data from ADCRXn when the
peripheral hardware clock (fers) is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR
WAIT.

Remark n=0 :78KO0/FY2-L, 78K0/FA2-L
n=0,1:78K0/FB2-L

(6) 8-bit A/D conversion result register L for TMXn synchronization (ADCRXnL)
ADCRXnL is an 8-bit register that holds the A/D conversion result when A/D conversion is started with the output of
16-bit timer Xn as the trigger.
The lower 8 bits of the 10-bit resolution are stored in ADCRXOL if A/D conversion is performed with the output of 16-
bit timer X0 as the trigger or in ADCRXLL if A/D conversion is performed with the output of 16-bit timer X1 as the
trigger.
ADCRXnL can be read by an 8-bit memory manipulation instruction.
Reset signal generation clears ADCRXnL to 00H.

Figure 11-9. Format of 8-bit A/D conversion result register L for TMXn synchronization (ADCRXnL)

Address: FF16H (ADCRXOL), FF18H (ADCRX1L) Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
C
socel [ T 1 [ [ [ [ ] ]
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Cautions 1. When writing to the A/D converter mode register 0 (ADMO0), analog input channel specification
register (ADS), and A/D port configuration registers 0, 1 (ADPCO, ADPC1), the contents of
ADCRXnL may become undefined. Read the conversion result following conversion completion
before writing to ADMO, ADS, ADPCO0, and ADPC1. Using timing other than the above may cause
an incorrect conversion result to be read.
2. If data is read from ADCRXnL, a wait cycle is generated. Do not read data from ADCRXnL when
the peripheral hardware clock (fers) is stopped. For details, refer to CHAPTER 31 CAUTIONS
FOR WAIT.

Remark n=0 :78KO0/FY2-L, 78K0/FA2-L
n=0,1:78K0/FB2-L

(7) Analog input channel specification register (ADS)
This register specifies the input channel of the analog voltage to be A/D converted and sets the A/D conversion start
method.
ADS can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Remark A/D converter analog input pins differ depending on products.

e 78K0O/FY2-L: ANIO to ANI3
o 78K0O/FA2-L: ANIO to ANI5
e 78K0/FB2-L: ANIO to ANI8

Figure 11-10. Format of Analog Input Channel Specification Register (ADS) (1/2)

Address: FFOEH  After reset: OOH R/W

Symbol 7 6 <5> <4> <3> <2> <1> <0>
ADS 0 0 ADTRG1 | ADTRGO | ADS3"¢? | aps2Ne?! ADS1 ADSO
Note 2
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Figure 11-10. Format of Analog Input Channel Specification Register (ADS) (2/2)

ADS3 ADS2 ADS1 ADSO |Analog input Input source
channel
0 0 0 0 ANIO P20/ANIO pin
0 0 0 1 ANI1 P21/ANI1 pin
0 0 1 0 ANI2 P22/ANI2 pin
0 0 1 1 ANI3 P23/ANI3 pin
0 1 0 0 ANIgNotel | P24/ANI4 pinNotet
0 1 0 1 ANI5Notel | P25/ANI5 pinhotet
0 1 1 0 ANI6N°te2 | P26/ANI6 pinNote 2
0 1 1 1 ANI7Note2 | P27/ANI7 pinNete 2
1 0 0 0 ANI8Nete2 | P70/ANI8 pinNete2
Other than above Setting prohibited
ADTRG1 | ADTRGO A/D conversion start method selection™°te3
0 0 Normal start (software trigger mode)
0 1 TMXO0 synchronization (timer trigger mode set by A/D conversion trigger signal of TMXO0)
1 0 TMX1 synchronization™°t® 2 (timer trigger mode set by A/D conversion trigger signal of TMX1)
1 1 Setting prohibited
Notes 1. Setting permitted in 78K0/FA2-L and 78K0/FB2-L.
2. Setting permitted in 78K0/FB2-L.
3. Switching the A/D conversion start method should be done after stopping the A/D conversion

operation (clearing (0) ADCS).

Cautions 1. Set a channel to be used for A/D conversion in the input mode by using port mode registers
2 and 7 (PM2, PM7).

If data is written to ADS, a wait cycle is generated. Do not write data to ADS when the

peripheral hardware clock (fers) is stopped. For details, refer to CHAPTER 31 CAUTIONS
FOR WAIT.
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(8) A/D port configuration registers 0, 1 (ADPCO, ADPC1)
ADPCO switches the P20/ANIO to P27/ANI7 pins to digital I/O or analog input of port. Each bit of ADPCO corresponds
to a pin of port 2 and can be specified in 1-bit units.
ADPC1 switches the ANI8/P70 pin to digital I/O or analog input of port. Each bit of ADPC1 corresponds to a pin of
P70 in port 1 and can be specified in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears ADPCO and ADPC1 to 00H.

Remark A/D converter analog input pins differ depending on products.
e 78K0O/FY2-L: ANIO to ANI3
e 78K0/FA2-L: ANIO to ANI5
o 78K0/FB2-L: ANIO to ANI8
Figure 11-11. Format of A/D Port Configuration Register 0 (ADPCO)

(1) 78KO/FY2-L

Address: FF2EH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADPCO 0 0 0 0 ADPCS3 ADPCS2 ADPCS1 ADPCSO0
(2) 78KO/FA2-L
Address: FF2EH  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0
ADPCO 0 0 ADPCS5 ADPCS4 ADPCS3 ADPCS2 ADPCS1 ADPCSO0
(3) 78KO0/FB2-L
Address: FF2EH  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0

ADPCO ADPCS7 ADPCS6 ADPCS5 ADPCS4 ADPCS3 ADPCS2 ADPCS1 ADPCSO

ADPCSn Digital 1/0 or analog input selection (n = 0 to 7)
0 Analog input
1 Digital /10

Cautions 1. Set the pin set to analog input to the input mode by using port mode register 2 (PM2).
2. If data is written to ADPCO, a wait cycle is generated. Do not write data to ADPCO when the
peripheral hardware clock is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR
WAIT.
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Figure 11-12. Format of A/D Port Configuration Register 1 (ADPC1) (78K0/FB2-L Only)

Address: FF2FH  Afterreset: 0OH R/W
Symbol 7 6 5 4 3 2 1 0
ADPC1 0 0 0 0 0 0 0 ADPC8
ADPCSS8 Digital I/O or analog input selection
0 Analog input
1 Digital /10

Cautions 1. Set the pin set to analog input to the input mode by using port mode register 7 (PM7).
2. If data is written to ADPC1, a wait cycle is generated. Do not write data to ADPC1 when the
peripheral hardware clock is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR WAIT.

(9) Port mode registers 2, 7 (PM2, PM7)
When using the ANIO/P20 to ANI7/P27 and ANI8/P70 pins for analog input port, set PM20 to PM27 and PM70 to 1.
The output latches of P20 to P27 and P70 at this time may be 0 or 1.

If PM20 to PM27 and PM70 are set to 0, they cannot be used as analog input port pins.

PM2 and PM7 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to FFH.

Remark A/D converter analog input pins differ depending on products.
e 78K0/FY2-L: ANIO to ANI3
e 78K0O/FA2-L: ANIO to ANI5
e 78K0/FB2-L: ANIO to ANI8
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Figure 11-13. Format of Port Mode Register 2 (PM2)

(1) 78KO/FY2-L

Address: FF22H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 1 1 PM23 PM22 PM21 PM20
Caution Be sure to set bits 4to 7 of PM2 to 1.
(2) 78KO/FA2-L
Address: FF22H Afterreset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM2 1 1 PM25 PM24 PM23 PM22 PM21 PM20
Caution Be sure to set bits 6 and 7 of PM2 to 1.
(3) 78KO0/FB2-L
Address: FF22H  Afterreset: 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=0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Figure 11-14. Format of Port Mode Register 7 (PM7) (78K0/FB2-L Only)
Address: FF27H  Afterreset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM7 1 1 1 1 1 1 1 PM70
PM70 P70 pin I/O mode selection
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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When using P20/ANIO to P27/ANI7 and P70/ANI8, set the registers according to the pin function to be used (refer to
Tables 11-3 to 11-6).

Table 11-3. Setting Functions of P2n/ANIn Pin

ADPCO Register PM2 Register ADS Register P2n/ANIn Pin

Digital I/0 selection Input mode Selects ANIn. Setting prohibited

Does not select ANIn. Digital input

Output mode Selects ANIn. Setting prohibited

Does not select ANIn. Digital output

Analog input Selects ANIn.

selection

Input mode Analog input (to be converted into digital signal)

Does not select ANIn. Analog input (not to be converted into digital signal)

Output mode - Setting prohibited

Remarks 1. ADPCO: A/D port configuration register 0

PM2: Port mode register 2
ADS:  Analog input channel specification register
2. n=0to 2,7

Table 11-4. Setting Functions of P23/ANI3/CMP2+, P24/ANI4/CMPO0O+, P25/ANIS/CMP1+ Pins

ADPCO PM2 Register | CMPmEN bit ADS Register P23/ANI3/CMP2+, P24/ANI4/CMPO+,
Register (m=0to02) (n=3t05) P25/ANIS/CMP1+ Pins
Digital I/0 Input mode - Selects ANIn. Setting prohibited
selection Does not select ANIn. | Digital input
Output mode - Selects ANIn. Setting prohibited
Does not select ANIn. | Digital output
Analog input | Input mode 0 Selects ANIn. Analog input (to be converted into digital signal)
selection Does not select ANIn. | Analog input (not to be converted into digital signal)
1 Selects ANIn. Analog input (to be converted into digital signal),
and comparator input
Does not select ANIn. | Comparator input
Output mode - - Setting prohibited

Remark ADPCO:
PM2: Port mode register 2
CMPmMEN: Bit 7 of comparator m control register (CmCTL)
ADS:

A/D port configuration register 0

Analog input channel specification register
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Table 11-5. Setting Functions of P26/ANI6/CMPCOM Pin

CmMODSELO0 =0

ADPCO PM2 Register | CmMODSEL1 | CmMODSELO ADS Register P26/ANI6/CMPCOM Pin
Register bit(m=0to2) | bit(m=0to 2)
Digital I/O Input mode - Selects ANI6. Setting prohibited
selection Does not select ANI6. | Digital input
Output mode - Selects ANI6. Setting prohibited
Does not select ANI6. | Digital output
Analog input | Input mode CmMODSEL1 =0, or Selects ANI6. Analog input (to be converted into
selection digital signal)

Does not select ANI6.

Analog input (not to be converted
into digital signal)

CmMODSEL1 =1,
CmMODSELO =1

Selects ANIG6.

Analog input (to be converted into
digital signal), and comparator
common input

Does not select ANI6.

Comparator common input

Output mode

Setting prohibited

Remark ADPCO:
PM2:

ADS:

A/D port configuration register 0
Port mode register 2
CmMODSEL1, CmMODSELO: Bits 4 and 3 of comparator m control register (CmCTL)

Analog input channel specification register

Table 11-6. Setting Functions of P70/ANI8 Pin

ADPC1 Register

PM7 Register

ADS Register

P70/ANI8 Pin

Digital I/O selection

Input mode

Selects ANIS8.

Setting prohibited

Does not select ANI8.

Digital input

Output mode

Selects ANIS8.

Setting prohibited

Does not select ANI8.

Digital output

Analog input
selection

Input mode

Selects ANI8.

Analog input (to be converted into digital signal)

Does not select ANI8.

Analog input (not to be converted into digital signal)

Output mode -

Setting prohibited

Remark ADPCL1: A/D port configuration register 1

PM7:
ADS:

Port mode register 7

Analog input channel specification register
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11.4 A/D Converter Operations

11.4.1 Basic operations of A/D converter (software trigger mode)

<1>

<2>

<3>

<4>

<5>

<6>
<7>

<8>

<9>

<10>

<11>
<12>

<13>

Set the A/D conversion time and the operation mode by using bits 5 to 1 (FR2 to FRO, LV1, and LVO0) of the A/D
converter mode register 0 (ADMO).

Set bit 0 (ADCE) of ADMO 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 registers 0 and 1 (ADPCO,
ADPC1) and set to input mode by using port mode registers 2 and 7 (PM2, PM7).

Select one channel for A/D conversion by using the analog input channel specification register (ADS).

Start the conversion operation by setting bit 7 (ADCS) of ADMO to 1.

(<6> 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 comparison voltage generator outputs (1/2)
AVRer voltage.

The voltage difference between the output voltage of the comparison voltage generator and sampled voltage is
compared by the voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB of SAR remains
setto 1. If the analog input is smaller than (1/2) AVrer, 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 output
voltage of the comparison voltage generator is selected according to the preset value of bit 9, as described below.
e Bit9 =1: (3/4) AVRer

e Bit9=0: (1/4) AVRer

The output voltage of the comparison voltage generator and sampled voltage are compared and bit 8 of SAR is
manipulated as follows.

e Analog input voltage > Output voltage of comparison voltage generator: Bit8 =1

e Analog input voltage < Output voltage of comparison voltage generator: 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, ADCRL) and then latched.

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Repeat steps <6> to <12>, 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 <5>. To start A/D conversion again when
ADCE = 0, set ADCE to 1, wait for 1 us or longer, and start <5>. To change a channel of A/D conversion, start
from <4>.

Cautions 1. Make sure the period of <2>to <5>is 1 us or more.

2. If the timing of <2> is earlier than that of <4>, <2> may be performed any time.
3. When switching from software trigger mode to timer trigger mode, switch the operation mode
and input channel after stopping the A/D conversion operation (clearing (0) ADCS).
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Remark Three types of A/D conversion result registers are available.
* ADCR (16 bits): Store 10-bit A/D conversion value
e ADCRH (8 bits): Store higher 8-bit of A/D conversion value
o ADCRL (8 bits): Store lower 8-bit of A/D conversion value

Figure 11-15. Basic Operation of A/D Converter (Software Trigger Mode)

Sampling time

Conversion time

A/D converter

Samplin
operation ping

A/D conversion

SAR Undefined

KX XK KKK

Conversion
result

\

A/D conversion
result register

Conversion
result

ADCS J

INTAD

I

A/D conversion operations are performed continuously until bit 7 (ADCS) of the A/D converter mode register 0 (ADMO)

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, ADCRL) to 0000H or O0H.
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11.4.2 Basic operation of A/D converter (timer trigger mode)

<1>

<2>

<3>

<4>

<5>
<6>

<7>

<8>

<9>

<10>

<11>

<12>

<13>
<14>

<15>

Set the A/D conversion time and the operation mode by using bits 5 to 1 (FR2 to FRO, LV1, and LVO0) of the A/D
converter mode register 0 (ADMO).

Set bit 0 (ADCE) of ADMO 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 registers n (ADPCn) and set
to input mode by using port mode registers 2 and 7 (PM2, PM7).

Select TMXn synchronization by using bits 4 and 5 (ADTRGn) of the analog input channel specification register
(ADS).

Select one channel for A/D conversion by using the analog input channel specification register (ADS).

Set the timer trigger wait state by setting (1) bit 7 (ADCS) of ADMO.

(<7> to <15> are operations performed by hardware.)

A conversion operation is started when a trigger signal (TMXn output) is detected.

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 comparison voltage generator outputs (1/2)
AVRer voltage.

The voltage difference between the output voltage of the comparison voltage generator and sampled voltage is
compared by the voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB of SAR remains
setto 1. If the analog input is smaller than (1/2) AVrer, 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 output
voltage of the comparison voltage generator is selected according to the preset value of bit 9, as described below.
e Bit9=1:(3/4) AVRer

e Bit 9 =0: (1/4) AVRer

The output voltage of the comparison voltage generator and sampled voltage are compared and bit 8 of SAR is
manipulated as follows.

e Analog input voltage > Output voltage of comparison voltage generator: Bit8 =1

e Analog input voltage < Output voltage of comparison voltage generator: 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 (TMXn synchronization: ADCRXn, ADCRXnL) and then
latched.

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Repeat steps <8> to <14>, until ADCS is cleared to O.

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>.

Cautions 1. Make sure the period of <2>to <6>is 1 us or more.

2. If the timing of <2> is earlier than that of <5>, <2> may be performed any time.
3. When switching from timer trigger mode to software trigger mode, switch the operation mode
and input channel after stopping the A/D conversion operation (clearing (0) ADCS).
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Remarksl. Two types of A/D conversion result registers are available.
e ADCRXn (16 bits) : Store 10-bit A/D conversion value
o ADCRXnL (8 bits) : Store lower 8-bit of A/D conversion value
2. n=0 :78KO/FY2-L, 78K0O/FA2-L
n=0,1:78K0/FB2-L

Figure 11-16. Basic Operation of A/D Converter (Timer Trigger Mode)
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A/D conversion operations are performed continuously until bit 7 (ADCS) of the A/D converter mode register 0 (ADMO)

is reset (0) by software.

If a write operation is performed for the analog input channel specification register (ADS) during an A/D conversion
operation, the conversion operation will be initialized. If the ADCS bit is set (1), conversion is started from the beginning
after the A/D trigger signal of TMXn is detected.

Reset signal generation clears the A/D conversion result register (ADCRXn, ADCRXnL) to 0000H or 00H.

Remark n=0 :78KO0/FY2-L, 78K0/FA2-L
n=0,1:78K0/FB2-L
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11.4.3 Input voltage and conversion results

The relationship between the analog input voltage input to the analog input pins (ANIO to ANI8) and the theoretical A/D
conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the following expression.

VaIN

AVREF

ADCR = INT ( x 1024 + 0.5)

or

(ADCR — 0.5) x 2VREF _ \/an < (ADCR + 0.5) x ~VREF.
1024 1024

where, INT(): Function which returns integer part of value in parentheses
VAIN: Analog input voltage
AVRer:  AVRer pin voltage
ADCR: 10-bit A/D conversion result register (ADCR) value

Remark A/D converter analog input pins differ depending on products.
e 78K0O/FY2-L: ANIO to ANI3
e 78KO/FA2-L: ANIO to ANI5
e 78K0/FB2-L: ANIO to ANI8

Figure 11-14 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 11-17. Relationship between Analog Input Voltage and A/D Conversion Result
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3! i i i | | | | | | ' 5003H
2————+——f—T—t+— - 0002H
11—t 1" 0001H
o -------- 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/AVrer
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11.4.4 A/D converter trigger mode selection
Two trigger modes for setting the A/D conversion start timing are available. These trigger modes are set by using the
analog input channel specification register (ADS).

e Software trigger mode
e Timer trigger mode

(1) Software trigger mode
If a normal start is set by setting the ADTRGn bit, A/D conversion of the analog input channel selected by ADS will be
started by setting ADCS = 1.
After the A/D conversion ends, A/D conversion is successively repeated, unless ADCS = 0 is set.

(2) Timer trigger mode
If TMXn synchronization is set by setting the ADTRGn bit, A/D conversion of the analog input channel selected by the
analog input channel specification register (ADS) will be started when the A/D trigger signal of TMXn is detected after
ADCS =1 is set.
After the A/D conversion ends, A/D conversion is successively repeated after the A/D trigger signal of TMXn is
detected, unless ADCS =0 is set.

Remark n=0 :78KO/FY2-L, 78KO/FA2-L
n=0,1:78K0/FB2-L

Caution Switching the trigger mode should be done after stopping the A/D conversion operation (clearing (0)
ADCS).

11.4.5 A/D converter operation mode
One channel of analog input is selected by the analog input channel specification register (ADS) and A/D conversion is
executed.

(1) A/D conversion operation
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 executed.
When A/D conversion has been completed, the result of the A/D conversion is stored in the A/D conversion result
register, 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 O is written to ADCS during A/D conversion, A/D conversion is immediately stopped. At this time, the conversion
result immediately before is retained.

Remark A/D converter analog input pins differ depending on products.
e 78K0O/FY2-L: ANIO to ANI3
e 78K0/FA2-L: ANIO to ANI5
e 78K0/FB2-L: ANIO to ANI8
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Figure 11-18. A/D Conversion Operation

AJD conversion is started"ot¢ ! 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
A/D conversion
result registerN°te 2 ANIn ANIn ANIm
INTAD —| —| —|
Notes 1. Software trigger mode: A/D conversion is started by setting (1) ADCS.
Timer trigger mode: A/D conversion is started when a timer trigger signal (TMX0 or TMX1 output

(78KO0/FB2-L only)) is detected after ADCS is set (1).

2. Software trigger mode: ADCR, ADCRH, ADCRL registers
Timer trigger mode: ADCRXO0, ADCRXOL registers (TMX0 synchronization)
ADCRX1, ADCRXIL registers (TMX1 synchronization) (78K0/FB2-L only)

Remarks 1. n =0 to 8 (it depends on products)

2. m =0 to 8 (it depends on products)
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The setting methods are described below.

(2) Setting of Software trigger mode
<1> Set the A/D conversion time and the operation mode by using bits 5 to 1 (FR2 to FRO, LV1, and LVO0) of the
A/D converter mode register 0 (ADMO).
<2> Set bit 0 (ADCE) of ADMO to 1.
<3> Set the channel to be used to analog input by using the A/D port configuration registers 0 and 1 (ADPCO,
ADPC1) and port mode registers 2 and 7 (PM2, PM7).
<4> Select a channel to be used by using the analog input channel specification register (ADS).
<5> Set bit 7 (ADCS) of ADMO to 1 to start A/D conversion.
<6> When one A/D conversion has been completed, an interrupt request signal (INTAD) is generated.
<7> Transfer the A/D conversion data to the A/D conversion result register (ADCR, ADCRH, ADCRL).
<Change the channel>

<8> Set bit 0 (ADMK) of the interrupt mask flag register 1L (MK1L) to 1

Note

<9> Change the channel by using ADS to start A/D conversion.

<10> Clear hit 0 (ADIF) of the interrupt request flag register 1L (IF1L) to O.

<11> Clear ADMK to 0"°%.

<12> When one A/D conversion has been completed, an interrupt request signal (INTAD) is generated.

<13> Transfer the A/D conversion data to the A/D conversion result register (ADCR, ADCRH, ADCRL).
<Complete A/D conversion>

<14> Clear ADCS to 0.

<15> Clear ADCE to 0.

Note Execute this only if interrupt servicing is used for A/D conversion.

Cautions 1. Make sure the period of <2>to <5>is 1 us or more.

2. If the timing of <2> is earlier than that of <4>, <2> may be performed any time.

3. <2>can be omitted. However, ignore data of the first conversion after <5> in this case.

4. The period from <6> to <12> differs from the conversion time set using bits 5 to 1 (FR2 to
FRO, LV1, and LVO) of ADMO. The period from <9> to <12> is the conversion time set using
FR2 to FRO, LV1, and LVO.

5. When switching from software trigger mode to timer trigger mode, switch the operation
mode and input channel after stopping the A/D conversion operation (clearing (0) ADCS).
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(3) Setting of Timer trigger mode
<1> Set the A/D conversion time and the operation mode by using bits 5 to 1 (FR2 to FRO, LV1, and LVO0) of the
A/D converter mode register 0 (ADMO).
<2> Set bit 0 (ADCE) of ADMO to 1.
<3> Set the channel to be used to analog input by using the A/D port configuration registers 0 and 1 (ADPCn)
and port mode registers 2 and 7 (PM2, PM7).
<4> Select TMXn synchronization by using bits 4 and 5 (ADTRGn) of the analog input channel specification
register (ADS).
<5> Select a channel to be used by using the analog input channel specification register (ADS).
<6> Set the timer trigger wait state by setting (1) bit 7 (ADCS) of ADMO.
<7> A conversion operation is started when a trigger signal (TMXn output) is detected.
<8> When one A/D conversion has been completed, an interrupt request signal (INTAD) is generated.
<9> Transfer the A/D conversion data to the A/D conversion result register (ADCRXn, ADCRXnL).
<Change the channel>
<10> Set bit 0 (ADMK) of the interrupt mask flag register 1L (MK1L) to 1
<11> Change the channel by using ADS to start A/D conversion.
<12> Clear bit 0 (ADIF) of the interrupt request flag register 1L (IF1L) to O.
<13> Clear ADMK to 0",
<14> When one A/D conversion has been completed, an interrupt request signal (INTAD) is generated.
<15> Transfer the A/D conversion data to the A/D conversion result register (ADCRXn, ADCRHXnL).
<Complete A/D conversion>
<16> Clear ADCS to 0.
<17> Clear ADCE to O.

Note

Note Execute this only if interrupt servicing is used for A/D conversion.

Cautions 1. Make sure the period of <2>to <6>is 1 us or more.

2. If the timing of <2> is earlier than that of <56>, <2> may be performed any time.

3. <2>can be omitted. However, ignore data of the first conversion after <7> in this case.

4. The period from <8> to <14> differs from the conversion time set using bits 5 to 1 (FR2 to
FRO, LV1, and LVO) of ADMO. The period from <11> to <14> is the conversion time set using
FR2 to FRO, LV1, and LVO.

5. When switching from timer trigger mode to software trigger mode, switch the operation
mode and input channel after stopping the A/D conversion operation (clearing (0) ADCS).

Remark n=0 :78KO/FY2-L, 78KO/FA2-L
n=0,1:78K0/FB2-L

RO1UHO068EJ0203 Rev.2.03 R NS 363
Jun 29, 2012 ENES



78K0/Fx2-L CHAPTER 11 A/D CONVERTER

11

@)

)

@)

(4)

.5 How to Read A/D Converter Characteristics Table

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 11-19. Overall Error Figure 11-20. Quantization Error
Lol 1.....1
Ideal line
5 5
3 L 3L :
8 Overall ST
(o)) ks |
2 error -g’ 1258 —") Quantization error
' :«—1/2LSB
[0 P 0 N [0 N 0 ))
0 AVRer 0 v AVRer
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 O......000 to O......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
fromO...... 001toO...... 010.
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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 11-21. Zero-Scale Error
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Figure 11-22. Full-Scale Error
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Figure 11-23. Integral Linearity Error Figure 11-24. Differential Linearity Error
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(8) 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.

(9) 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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11.6 Cautions for A/D Converter

(1) Operating current in STOP mode
To satisfy the DC characteristics of the power supply current in STOP mode, clear bits 7 (ADCS) and 0 (ADCE) of A/D
converter mode register 0 (ADMO) to 0 before executing a STOP instruction.
To restart from the standby status, clear bit 0 (ADIF) of interrupt request flag register 1L (IF1L) to O and start operation.

(2) Input range of ANIO to ANI8
Observe the rated range of the ANIO to ANI8 input voltage. If a voltage of AVrer 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.

(3) Conflicting operations

<1> Conflict between A/D conversion result register write and A/D conversion result register read by instruction upon
the end of conversion
A/D conversion result register read has priority. After the read operation, the new conversion result is written to
A/D conversion result register.

<2> Conflict between A/D conversion result register write and A/D converter mode register 0 (ADMO) write, analog
input channel specification register (ADS), or A/D port configuration registers 0, 1 (ADPCO, ADPC1) write upon
the end of conversion
ADMO, ADS, ADPCO, or ADPC1 write has priority. A/D conversion result register write is not performed, nor is
the conversion end interrupt signal (INTAD) generated.

(4) Noise countermeasures
To maintain the 10-bit resolution, attention must be paid to noise input to the AVrer pin and pins ANIO to ANI8.
<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 11-22 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.

Remarks 1. A/D converter analog input pins differ depending on products.
e 78K0/FY2-L: ANIO to ANI3
e 78KO/FA2-L: ANIO to ANI5
e 78K0O/FB2-L: ANIO to ANI8
2. A/D conversion result registers differ depending on the trigger mode.
» Software trigger mode: ADCR, ADCRH, ADCRL registers
o Timer trigger mode: ADCRXn, ADCRXnL registers (TMXn synchronization)
3.n=0 :78KO/FY2-L, 78KO/FA2-L
n=0,1:78K0/FB2-L
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Figure 11-25. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than AVrer or
equal to or lower than AVss may enter, clamp with a diode with a
small Vr value (0.3 V or lower).

Reference
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<1> The analog input pins (ANIO to ANI7 and ANI8) are also used as digital /0O port pins (P20 to P27 and P70).
When A/D conversion is performed with any of ANIO to ANI7 and ANI8 selected, do not access P20 to P27 and
P70 while conversion is in progress; otherwise the conversion resolution may be degraded.

<2> To use the ANIO/P20 to ANI7/P27 and ANI8/P70 pins for digital I/O port, it is recommended to the furthest
ANI4/P24 pin from AVRrer. To use these pins as analog input, it is recommended to select a pin to use starting
with the closest pin to AVss.

(5) ANIO/P20 to ANI7/P27 and ANI8/P70

<3> 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.

(6) Inputimpedance of ANIO to ANI8 pins
This A/D converter charges a sampling capacitor for sampling during sampling time.
Therefore, only a leakage current flow 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 kQ, and to connect a capacitor of about 100 pF to the ANIO to ANI8 pins (refer to Figure 11-
22).

Remark A/D converter analog input pins differ depending on products.
e 78K0O/FY2-L: ANIO to ANI3
e 78KO/FA2-L: ANIO to ANI5
e 78K0/FB2-L: ANIO to ANI8
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(7) AVRrer pin input impedance
A series resistor string of several tens of kQ is connected between the AVrer 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 AVrer and AVss pins, resulting in a large reference voltage error.

(8) 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 11-26. 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 conversion)K has not ended.
A/D conversion ANIn ANIn ANIm ANIm

— L
B R
:

A/D conversion

; ANIn
result register

ANIn ANIm >< ANIm

ADIF

Remarks 1. n =0 to 8 (it depends on products)
2. m =0 to 8 (it depends on products)

(9) 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, or if the ADCS bit is set to 1 with the ADCE bit = 0. Take
measures such as polling the A/D conversion end interrupt request (INTAD) and removing the first conversion result.

(10) A/D conversion result register read operation
When a write operation is performed to the A/D converter mode register 0 (ADMO0), analog input channel specification
register (ADS), and A/D port configuration registers 0, 1 (ADPCO, ADPC1), the contents of A/D conversion result
register may become undefined. Read the conversion result following conversion completion before writing to ADMO,
ADS, ADPCO, and ADPCL1. Using a timing other than the above may cause an incorrect conversion result to be read.
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(11) Internal equivalent circuit
The equivalent circuit of the analog input block is shown below.

Figure 11-27. Internal Equivalent Circuit of ANIn Pin

R1

C1 Cc2
Table 11-7. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)
AVRer Mode R1 C1l Cc2

40V <AVrer<55V Normal 5.2kQ 8 pF 6.3 pF
High-speed 1 5.2kQ
High-speed 2 7.8 kQ

27V <AVrer<4.0V Normal 18.6 kQ
High-speed 2 7.8 kQ

1.8V <AVRer<4.0V Low voltage 169.8 kQ

Remarks 1. The resistance and capacitance values shown in Table 11-7 are not guaranteed values.
2. n=0to 8 (it depends on products)
3. A/D conversion result registers differ depending on the trigger mode.
» Software trigger mode: ADCR, ADCRH, ADCRL registers
o Timer trigger mode: ADCRXm, ADCRXmL registers (TMXm synchronization)
4. m=0 :78KO/FY2-L, 78K0O/FA2-L
m =0, 1: 78K0/FB2-L

RO1UHO068EJ0203 Rev.2.03 R nS
Jun 29, 2012 ENES

369



78K0/Fx2-L CHAPTER 12 COMPARATORS

CHAPTER 12 COMPARATORS

78KO/FY2-L 78KO0/FA2-L 78KO0/FB2-L
Comparator O Not mounted Mounted
Comparator 1 Not mounted Mounted
Comparator 2 Mounted

12.1 Features of Comparator

Comparator has the following functions.

» A comparator is equipped with three channels (comparator 0 to 2).

» The following reference voltages can be selected.
<1> Internal reference voltage: 3 (reference voltage level: 1.58 V (TYP.) divided by 32)
<2> Input voltage from comparator common pin (CMPCOM) (78K0/FB2-L only)

< An interrupt signal can be generated by detecting the valid edge of the comparator output. The valid edge can be
set by using the EGPn and EGNn bits (n = 6 to 8) (refer to CHAPTER 17 INTERRUPT FUNCTIONS).

e The comparator output can be used as the PWM output of 16-bit timers X0 and X1, a timer counter reset, and a
capture trigger (refer to CHAPTER 6 16-BIT TIMERS X0 AND X1).

« The elimination width of the noise elimination digital filter can be selected.
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Figure 12-1. Block Diagram of Comparator

CMP2+/ANI3/P23 O

Selector

Noise filter

External interrupt rising edge enable
register 1 (EGPCTL1), External interrupt
falling edge enable register 1 (EGNCTL1)

EGN8 | EGP8
L T

CMP2

output
INTCMP2

Cc2MOD ‘

|CMP2EN‘CZDF81 ‘CZDFSO SELL

C2MOD
SELO

‘ C20E ‘ C2INV |

Comparator 2 control register (C2CTL)

\Compara(or 2

CMP1+/ANI5/P25Ne ! Oy

Selector

Noise filter

Edge detector

High impedance

Output controller circuit
(TMX0, TMX1)

Interlock operation circuit
(TMX0, TMX1)

External interrupt rising edge enable
register 0 (EGPCTLO), External interrupt
falling edge enable register 0 (EGNCTLO)

EGN7 | EGP7
|

CMP1
output

Edge detector INTCMP1

C1mMOD

|CMP1EN‘C1DFSI ‘ C1DFSO ‘ SEL1

C1MOD
SELO

C10E ‘ C1INV |

Comparator 1 control register (C1CTL)

+———————— High impedance
Output controller circuit

(TMXO0, TMX1)

L Interlock operation circuit
(TMX0, TMX1)

External interrupt rising edge enable
register 0 (EGPCTLO) , External interrupt
falling edge enable register 0 (EGNCTLO)

CMPO
output

\Cornparator 1 /
CMPO+/ANI4/P24" 1 ©)
CMPCO| 262 O . Noise filter
g
£
pA2| &
Internal comparison [
voltage 1.58 V (TYP.)
T3 A
' =
=
R
R 5
' 0
'
! '
AVss @—'§ - 1 {
5
[ 1 ] [ 1 [ ]
| CVRE ‘ COVRSA‘ COVRS3 ‘ CUVRSZ‘ COVRSI‘ CD\/RSOl |CMPOEN‘CODF51 ‘coDFso‘ CoMOP | o | cooE ‘ CoINY |
DAO internal reference voltage Comparator 0 control register (COCTL)
selection register (CORVM) Note
5ﬁ \Comparalor 0 /
1 1

]
|ClVRS4‘ C1VRS3 ‘ C1VRS2 ‘ C1VRS1 ‘ ClVRSOl

DAL internal reference voltage

selection register (CIRVM) note 1
5
[ I 1 1 ]
| C2VRS4‘ C2VRS3 ‘ C2VRS2 ‘ C2VRS1 ‘ C2VRS0O |

DA2 internal reference voltage
selection register (C2RVM) note 1

Notes 1. 78KO0/FA2-L and 78K0/FB2-L only

2. 78KO0O/FB2-L only

Comparator output flag
register (CMPFLG)

Edge detector |— INTCMPO

High impedance

Output controller circuit
(TMX0, TMX1)

Interlock operation circuit
(TMX0, TMX1)

CMP2F | CMP1F | CMPOF

RO1UHO0068EJ0203 Rev.2.03
Jun 29, 2012

RENESAS

371



78K0/Fx2-L

CHAPTER 12

COMPARATORS

12.2 Configurations of Comparator

The comparators consist of the following hardware.

Table 12-1. Configurations of Comparator

Item

Configuration

Control registers

Comparator n control registers (CnCTL)

DAn internal reference voltage selection registers (CnRVM)
Comparator output flag register (CMPFLG)

A/D configuration register 0 (ADPCO)

External interrupt rising edge enable registers (EGPCTLO, EGPCTL1)
External interrupt falling edge enable registers (EGNCTLO, EGNCTL1)

Port mode register 2 (PM2)

12.3 Registers Controlling Comparators

The comparators use the following seven registers.

« Comparator n control registers (CnCTL)

« DAn internal reference voltage selection registers (CnRVM)

¢ Comparator output flag register (CMPFLG)

« A/D configuration register 0 (ADPCO)

< External interrupt rising edge enable registers (EGPCTLO, EGPCTL1)
« External interrupt falling edge enable registers (EGNCTLO, EGNCTL1)
« Port mode register 2 (PM2)

(1) Comparator n control registers (CnCTL)

This register is used to control the operation of comparator n, enable or disable comparator output, reverse the
output, and set the noise elimination width.

CnCTL can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Remark 78KO/FY2-L: n=2

78KO0/FA2-L, 78K0/FB2-L: n=0to 2
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Figure 12-2. Format of Comparator 0 Control Register (COCTL) (78K0/FA2-L, 78K0/FB2-L)

Address: FF62H After reset: OOH R/W

Symbol
COCTL

<7> <6> <5> <4> <3> 2 <1> <0>
CMPOEN CODFS1 CODFSO0 COMODSEL1 | COMODSELO 0 COOE COINV
CMPOEN Comparator 0 operation control
0 Stops operation
1 Enables operation
Enables input to the external pins (CMPO0+) on the positive and negative sides of comparator 0
CODFS1 CODFSO0 Noise elimination width setting
0 0 Noise filter unused
0 1 2/fers
1 0 22 ffers
1 1 2%/fers
COMODSEL1 | COMODSELO Reference voltage selection
0 0 Internal reference voltage: DAO
0 1 Internal reference voltage: DAL
1 0 Internal reference voltage: DA2
1 1 Internal reference voltage: CMPCOMM'®
COOE Enabling or disabling of comparator output
0 Disables output (output signal = fixed to low level)
1 Enables output
COINV QOutput reversal setting
0 Forward
1 Reverse

Note Setting prohibited in the 78K0/FA2-L.

Cautions 1.

Remark

Rewrite CODFS1, CODFS0, COMODSEL1, COMODSELO, COINV after setting the comparator 0

operation to
With the noi

the disabled state (CMPOEN = 0).
se elimination width, an extra peripheral hardware clock frequency (frrs) may be

eliminated from the setting value.
If the comparator output noise interval is within “set noise elimination width + 1 clock”, an
illegal waveform may be output.

To use the i
voltage befo

nternal reference voltage, enable (CVRE = 1) operation of the internal reference
re enabling (CMPOEN = 1) the comparator operation.

fers: Peripheral hardware clock frequency
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Figure 12-3. Format of Comparator 1 Control Register (C1CTL) (78K0/FA2-L, 78K0/FB2-L)

Address: FF64H After reset: OOH R/W

Symbol
CICTL

<7> <6> <5> <4> <3> 2 <1> <0>
CMP1EN C1DFS1 C1DFSO C1MODSEL1 | CIMODSELO 0 C10E C1INV
CMP1EN Comparator 1 operation control
0 Stops operation
1 Enables operation
Enables input to the external pins (CMP1+) on the positive and negative sides of comparator 1
C1DFS1 C1DFSO0 Noise elimination width setting
0 0 Noise filter unused
0 1 2/fPrs
1 0 2%/fprs
1 1 2*ffers
C1MODSEL1 | CIMODSELO Reference voltage selection
0 0 Internal reference voltage: DAO
0 1 Internal reference voltage: DAL
1 0 Internal reference voltage: DA2
1 1 Internal reference voltage: CMPCOMM'®
C10E Enabling or disabling of comparator output
0 Disables output (output signal = fixed to low level)
1 Enables output
C1INV QOutput reversal setting
0 Forward
1 Reverse

Note Setting prohibited in the 78K0/FA2-L.

Cautions 1.

Remark

Rewrite C1DFS1, C1DFS0, CIMODSEL1, CIMODSELO, C1INV after setting the comparator 1

operation to
With the noi

the disabled state (CMP1EN = 0).
se elimination width, an extra peripheral hardware clock frequency (frrs) may be

eliminated from the setting value.
If the comparator output noise interval is within “set noise elimination width + 1 clock”, an
illegal waveform may be output.

To use the i
voltage befo

nternal reference voltage, enable (CVRE = 1) operation of the internal reference
re enabling (CMP1EN = 1) the comparator operation.

fers: Peripheral hardware clock frequency
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Figure 12-4. Format of Comparator 2 Control Register (C2CTL)

Address: FF66H After reset: O0OH R/W

Symbol
C2CTL

<7> <6> <5> <4> <3> 2 <1> <0>
CMP2EN C2DFS1 C2DFS0 C2MODSEL1 | C2MODSELO 0 C20E C2INV
CMP2EN Comparator 2 operation control
0 Stops operation
1 Enables operation
Enables input to the external pins (CMP2+) on the positive and negative sides of comparator 2
C2DFS1 C2DFS0 Noise elimination width setting
0 0 Noise filter unused
0 1 2/fPrs
1 0 2%/fprs
1 1 2*ffers
C2MODSEL1 | C2MODSELO Reference voltage selection
0 0 Internal reference voltage: DAO
0 1 Internal reference voltage: DAL
1 0 Internal reference voltage: DA2
1 1 Internal reference voltage: CMPCOMM'®
C20E Enabling or disabling of comparator output
0 Disables output (output signal = fixed to low level)
1 Enables output
C2INV QOutput reversal setting
0 Forward
1 Reverse

Note Setting prohibited in the 78K0/FY2-L and 78K0/FA2-L.

Cautions 1.

Remark

Rewrite C2DFS1, C2DFS0, C2MODSEL1, C2MODSELO, C2INV after setting the comparator 2

operation to
With the noi

the disabled state (CMP2EN = 0).
se elimination width, an extra peripheral hardware clock frequency (frrs) may be

eliminated from the setting value.
If the comparator output noise interval is within “set noise elimination width + 1 clock”, an
illegal waveform may be output.

To use the i
voltage befo

nternal reference voltage, enable (CVRE = 1) operation of the internal reference
re enabling (CMP2EN = 1) the comparator operation.

fers: Peripheral hardware clock frequency
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(2) DAn internal reference voltage selection register (CnRVM)
This register is used to set the internal reference voltage level of comparator.
This register also controls the internal reference voltage generation operation by using bit 7 (CVRE) of CORVM.
CnRVM 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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Address: FF63H  After reset: 00H R/W

Symbol <7>

6

<4> <3>

<2>

Figure 12-5. Format of DAO Internal Reference Voltage Selection Register (CORVM)

<1> <0>

CORVM CVRE

0

COVRS4 COVRS3

COVRS2

COVRS1 COVRSO

CVRE

Internal reference voltage generation operation control

0

Stops operation

1

Enables operation

COVRS4

COVRS3

COVRS2

COVRS1 COVRSO

Reference voltage level (DAO) setting

0.05 V (TYP.)

0.1V (TYP.)

0.15 V (TYP.)

0.2V (TYP.)

0.25V (TYP.)

0.3V (TYP.)

0.35V (TYP.)

0.4V (TYP.)

0.44 V (TYP.)

0.49 V (TYP.)

0.54 V (TYP.)

0.59 V (TYP.)

0.64 V (TYP.)

0.69 V (TYP.)

0.74 V (TYP.)

0.79 V (TYP.)

0.84 V (TYP.)

0.89 V (TYP.)

0.94 V (TYP.)

0.99 V (TYP.)

1.04V (TYP.)

1.09 V (TYP.)

1.14V (TYP.)

1.19V (TYP.)

1.23 V (TYP.)

1.28 V (TYP.)

1.33 V (TYP.)

1.38V (TYP.)

1.43V (TYP.)

1.48V (TYP.)

1.53 V (TYP.)

rlr|lr|r|lr|r|lr|r|P|r|+r|r|r|rP|r|r|o|o|lo|o|o|o|o|lo|o|o|o|o|o|o|o|o

iRk |kP|O|JlO|lO|O|OCO|OCO|OC|OC|(FR|(F|IFR|(F|(FP|(FRP|RP|[P|OJ[OJ]O]J]O|]O|]O|O|O

Fr{+tr|{kr|fp|lojlOojOC|OC|(F|(F|IF|kr|lOjOCO|CO|OC|(F| ||k |OJ|O|OC|OC|(FR|(FP|[FP|P|O|J]OC|O|O

bl |||k |(kpr|lO|OCO|(F|(kr|O|OC|(F|(k|O|OCO|(FR|(FrP|O|OC|(FR|([P|O|O|F|F,|O]|O
k||| |O|(k|OCO|(+|O|(+|OCO|(r|OC|(+|OCO|(r|OCO|(|[OC|(F|[OC|(FR|[OC|[FRP|O|F,|O|F,|O

1.58 V (TYP.)

Caution To change the reference voltage level when the internal reference voltage generation operation is
enabled (CVRE = 1), a voltage stabilization wait time is required.

See Figure 12-12 Example of

Procedure for Changing Internal Reference Voltage for the setting method.
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Figure 12-6. Format of DAL Internal Reference Voltage Selection Register (CLIRVM)

Address: FF65H  After reset: 00H R/W

Symbol 7 6 5 <4> <3> <2> <1> <0>

C1RVM 0 0 0 C1lVRS4 C1VRS3 C1VRS2 C1lVRS1 C1VRSO

C1VRS4 C1VRS3 C1VRS2 C1VRS1 C1VRSO Reference voltage level (DA1) setting

0.05 V (TYP.)
0.1V (TYP.)

0.15 V (TYP.)
0.2V (TYP.)

0.25V (TYP.)
0.3V (TYP.)

0.35V (TYP.)
0.4V (TYP.)

0.44 V (TYP.)
0.49 V (TYP.)
0.54 V (TYP.)
0.59 V (TYP.)
0.64 V (TYP.)
0.69 V (TYP.)
0.74 V (TYP.)
0.79 V (TYP.)
0.84 V (TYP.)
0.89 V (TYP.)
0.94 V (TYP.)
0.99 V (TYP.)
1.04V (TYP.)
1.09 V (TYP.)
1.14 V (TYP.)
1.19V (TYP.)
1.23V (TYP.)
1.28 V (TYP.)
1.33V (TYP.)
1.38V (TYP.)
1.43V (TYP.)
1.48 V (TYP.)
1.53 V (TYP.)
1.58 V (TYP.)

Rrlrlr|lrlr|lr|lr|lr|lr|lr|lr|lr|lr|r|r|lr|lo|lo|lo|lo|o|o|lo|o|o|o|o|lo|o|ol|lo|o

Frlr|r|lr|lr|lr|lr|r|lo|lo|o|o|lo|lo|lo|o]|r|r|r|lr|lr|lr|lr|r|lo|lo|o|o|lo|lo|o|o
r|lr|lr|r|lo|lo|lo|lo|r|r|r|r|lo|lo|lo|lo|r|r]|r|r|lo|lo|lo|o|r|r|r|r|lo|lo|o|o
r|lkr|lo|lo|lr|r|lolo|r|lr|lo|lo|r|r|lo|lo|r|r|lo|lo|r|r|lo|lo|lr|r|lo|lo|r | |lo]|o
~r|lo|lr|lo|lr|lo|lr|lo|r|lo|r|o|r|o|lr|lo|lr|lo|r|lo|r|oflr|lo|lr|lo|lr|lo|r|o|r|o

Caution To change the reference voltage level when the internal reference voltage generation operation is
enabled (CVRE = 1), a voltage stabilization wait time is required. See Figure 12-12 Example of
Procedure for Changing Internal Reference Voltage for the setting method.

RO1UHO068EJ0203 Rev.2.03 R nS 378
Jun 29, 2012 ENES



78K0/Fx2-L CHAPTER 12 COMPARATORS

Figure 12-7. Format of DA2 Internal Reference Voltage Selection Register (C2RVM)

Address: FF67H  After reset: 00H R/W

Symbol 7 6 5 <4> <3> <2> <1> <0>

C2RVM 0 0 0 C2VRS4 C2VRS3 C2VRS2 C2VRS1 C2VRSO

C2VRS4 C2VRS3 C2VRS2 C2VRS1 C2VRSO Reference voltage level (DA2) setting

0.05 V (TYP.)
0.1V (TYP.)

0.15 V (TYP.)
0.2V (TYP.)

0.25V (TYP.)
0.3V (TYP.)

0.35V (TYP.)
0.4V (TYP.)

0.44 V (TYP.)
0.49 V (TYP.)
0.54 V (TYP.)
0.59 V (TYP.)
0.64 V (TYP.)
0.69 V (TYP.)
0.74 V (TYP.)
0.79 V (TYP.)
0.84 V (TYP.)
0.89 V (TYP.)
0.94 V (TYP.)
0.99 V (TYP.)
1.04V (TYP.)
1.09 V (TYP.)
1.14 V (TYP.)
1.19V (TYP.)
1.23V (TYP.)
1.28 V (TYP.)
1.33V (TYP.)
1.38V (TYP.)
1.43V (TYP.)
1.48 V (TYP.)
1.53 V (TYP.)
1.58 V (TYP.)

Rrlrlr|lrlr|lr|lr|lr|lr|lr|lr|lr|lr|r|r|lr|lo|lo|lo|lo|o|o|lo|o|o|o|o|lo|o|ol|lo|o

Frlr|r|lr|lr|lr|lr|r|lo|lo|o|o|lo|lo|lo|o]|r|r|r|lr|lr|lr|lr|r|lo|lo|o|o|lo|lo|o|o
r|lr|lr|r|lo|lo|lo|lo|r|r|r|r|lo|lo|lo|lo|r|r]|r|r|lo|lo|lo|o|r|r|r|r|lo|lo|o|o
r|lkr|lo|lo|lr|r|lolo|r|lr|lo|lo|r|r|lo|lo|r|r|lo|lo|r|r|lo|lo|lr|r|lo|lo|r | |lo]|o
~r|lo|lr|lo|lr|lo|lr|lo|r|lo|r|o|r|o|lr|lo|lr|lo|r|lo|r|oflr|lo|lr|lo|lr|lo|r|o|r|o

Caution To change the reference voltage level when the internal reference voltage generation operation is
enabled (CVRE = 1), a voltage stabilization wait time is required. See Figure 12-12 Example of
Procedure for Changing Internal Reference Voltage for the setting method.
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(3) Comparator output flag register (CMPFLG)
This register indicates the comparator output level.
This register is read-only by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-8. Format of Comparator Output Flag Register (CMPFLG)
(@) 78KO/FY2-L

Address: FF69H After reset: OOH R
Symbol 7 6 5 4 3 <2> 1 0
CMPFLGl 0 ’ 0 | 0 ’ 0 ’ 0 | CMP2F ’ 0 ’ 0 |

(b) 78KO/FA2-L, 78K0/FB2-L

Address: FF69H After reset: OOH R

Symbol 7 6 5 4 3 <2> <1> <0>
CMPFLG | 0 ’ 0 | 0 ’ 0 ’ 0 | CMP2F ’ CMP1F ’ CMPOF |
CMPnF Comparator n output level (n = 0 to 2)
0 Low level
1 High level
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(4) A/D port configuration register 0 (ADPCO)
ADPCO switches the P20/ANIO to P27/ANI7 pins to digital I/O or analog input of port. Each bit of ADPCO
corresponds to a pin of port 2 and can be specified in 1-bit units.
When CMPO+/P24/ANI4, CMP1+/P25/ANI5, and CMP2+/P23/ANI3 pins, and CMPCOM/P26/ANI6 pinN°te are used
for the comparator input and comparator common input respectively, set these pins to analog input by ADPCO.
ADPCO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears ADPCO to 00H.

Note 78KO0/FB2-L only
Figure 12-9. Format of A/D Port Configuration Register 0 (ADPCO)
(a) 78KO/FY2-L

Address: FF2EH  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0

ADPCO 0 0 0 0 ADPCS3 ADPCS2 ADPCS1 ADPCS0

(b) 78KO/FA2-L

Address: FF2EH  Afterreset: OOH R/W
Symbol 7 6 5 4 3 2 1 0

ADPCO 0 0 ADPCS5 ADPCS4 ADPCS3 ADPCS2 ADPCS1 ADPCSO

(c) 78KO/FB2-L

Address: FF2EH  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0

ADPCO ADPCS7 ADPCS6 ADPCS5 ADPCS4 ADPCS3 ADPCS2 ADPCS1 ADPCSO

ADPCSn Digital I/0 or analog input selection (n =0 to 7)
0 Analog input
1 Digital /10

Cautions 1. Set the pin set to analog input to the input mode by using port mode register 2 (PM2).
2. If data is written to ADPCO, a wait cycle is generated. Do not write data to ADPCO when the
peripheral hardware clock is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR WAIT.
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(5) External interrupt rising edge enable registers (EGPCTLO, EGPCTL1), external interrupt falling edge enable
registers (EGNCTLO, EGNCTL1)
EGPCTLO, EGPCTL1, EGNCTLO, and EGNCTL1 are the registers that set the INTCMPO to INTCMP2 valid edges.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0H.

Figure 12-10. Format of External Interrupt Rising Edge Enable Registers (EGPCTLO, EGPCTL1)
and External Interrupt Falling Edge Enable Registers (EGNCTLO, EGNCTL1) (1/3)

(a) 78KO/FY2-L

Address: FF48H  After reset: 0O0OH R/W
Symbol 7 6 5 4 3 2 1 0

EGPCTLO 0 0 0 0 0 0 EGP1 EGPO

Address: FF49H  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0

EGNCTLO 0 0 0 0 0 0 EGN1 EGNO

Address: FF4AH  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0

EGPCTL1 0 0 0 0 0 0 0 EGP8

Address: FF4BH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
EGNCTL1 0 0 0 0 0 0 0 EGN8
EGPn EGNn INTCMP2 valid edge selection
0 0 Edge detection disabled
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges

Caution Be sureto clear bits 2to 7 of EGPCTLO and EGNCTLO to 0 in the 78K0/FY2-L.

Remark n=0,1,8
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Figure 12-10. Format of External Interrupt Rising Edge Enable Registers (EGPCTLO, EGPCTL1)
and External Interrupt Falling Edge Enable Registers (EGNCTLO, EGNCTL1) (2/3)

(b) 78KO/FA2-L

Address: FF48H  After reset: 0O0OH R/W

Symbol 7 6 5 4 3 2 1 0
EGPCTLO EGP7 EGP6 0 0 EGP3 EGP2 EGP1 EGPO
Address: FF49H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGNCTLO EGN7 EGN6 0 0 EGN3 EGN2 EGN1 EGNO
Address: FF4AH  Afterreset: 0O0OH R/W
Symbol 7 6 5 4 3 2 1 0
EGPCTL1 0 0 0 0 0 0 0 EGP8
Address: FF4BH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGNCTL1 0 0 0 0 0 0 0 EGN8
EGPn EGNn INTCMP to INTCMP2 valid edge selection

0 0 Edge detection disabled

0 Falling edge

1 0 Rising edge

1 1 Both rising and falling edges

Caution Be sureto clear bits 4to 7 of EGPCTLO and EGNCTLO to 0 in the 78K0/FA2-L.

Remark n=0t03,6t08
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Figure 12-10. Format of External Interrupt Rising Edge Enable Registers (EGPCTLO, EGPCTL1)
and External Interrupt Falling Edge Enable Registers (EGNCTLO, EGNCTL1) (3/3)

(c) 78KO/FB2-L

Address: FF48H  After reset: 0O0OH R/W
Symbol 7 6 5 4 3 2 1 0

EGPCTLO EGP7 EGP6 EGP5 EGP4 EGP3 EGP2 EGP1 EGPO

Address: FF49H  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0

EGNCTLO EGN7 EGNG6 EGN5 EGN4 EGN3 EGN2 EGN1 EGNO

Address: FF4AH  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0

EGPCTL1 0 0 0 0 0 0 0 EGP8

Address: FF4BH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
EGNCTL1 0 0 0 0 0 0 0 EGN8
EGPn EGNn INTCMPO to INTCMP?2 valid edge selection
0 0 Edge detection disabled
0 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges

Caution Be sureto clear bits 1to 7 of EGPCTL1 and EGNCTL1 to 0 in the 78K0/FB2-L.

Remark n=0to8
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Table 12-2 shows the interrupt request signal corresponding to EGPn and EGNn.

Table 12-2 Interrupt Request Signal Corresponding to EGPn and EGNn

(a) 78KO/FY2-L

Detection Enable Bit

Edge Detection

Interrupt Request

Signal Signal
EGPS8 | EGNS8 CMP2 output INTCMP2
(b) 78KO/FA2-L, 78K0/FB2-L
Detection Enable Bit Edge Detection Interrupt Request
Signal Signal
EGP6 EGN6 CMPO output INTCMPO
EGP7 EGN7 CMP1 output INTCMP1
EGP8 EGN8 CMP2 output INTCMP2
Remark n=8: 78KO/FY2-L

n=6to8: 78KO/FA2-L, 78KO/FB2-L
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(6) Port mode register 2 (PM2)
This register is used to set port 2 input or output in 1-bit units.
When CMPO+/P24/ANI4, CMP1+/P25/ANI5, and CMP2+/P23/ANI3 pins, and CMPCOM/P26/ANI6 pin"°'*® are used
for the comparator input and comparator common input respectively, set PM23 to PM25, PM26 bits to 1.
The output latches of P23 to P25, P26 at this time may be O or 1.
PM2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Note 78KO0/FB2-L only
Figure 12-11. Format of Port Mode Register 2 (PM2)

(a) 78KO/FY2-L

Address: FF22H  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PM2 1 1 1 1 PM23 PM22 PM21 PM20

Caution Be sure to set bits 4 to 7 of PM2 to 1.

(b) 78KO/FA2-L

Address: FF22H  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 PM25 PM24 PM23 PM22 PM21 PM20
Caution Be sure to set bits 6 and 7 of PM2 to 1.

(c) 78K0/FB2-L
Address: FF22H  Afterreset: 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)

Caution |If the internal reference voltage is used, the port function shared by the CMPCOM pin can be

used in input mode. Using the port function in output mode, however, is prohibited. Also,
accessing port register 2 (P2) is prohibited.
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When using P23/ANI3/CMP2+, P24/ANI4/CMPO+, P25/ANI5/CMP1+, P26/ANI6/CMPCOM, set the registers according
to the pin function to be used (refer to Tables 12-3 and 12-4).

Table 12-3. Setting Functions of P23/ANI3/CMP2+, P24/ANI4/CMPO+, P25/ANIS/CMP1+ Pins

ADPCO PM2 Register | CMPmMEN bit ADS Register P23/ANI3/CMP2+, P24/ANI4/CMPO+,
Register (Mm=0to2) (h=3105) P25/ANIS/CMP1+ Pins
Digital I1/10 Input mode - Selects ANIn. Setting prohibited
selection Does not select ANIn. | Digital input
Output mode - Selects ANIn. Setting prohibited
Does not select ANIn. | Digital output
Analog input | Input mode 0 Selects ANIn. Analog input (to be converted into digital signal)
selection Does not select ANIn. | Analog input (not to be converted into digital signal)
1 Selects ANIn. Analog input (to be converted into digital signal), and
comparator input
Does not select ANIn. | Comparator input
Output mode - - Setting prohibited

Remark ADPCO: A/D port configuration register 0

PM2: Port mode register 2
CMPmMEN: Bit 7 of comparator m control register (CmCTL)
ADS: Analog input channel specification register
Table 12-4. Setting Functions of P26/ANI6/CMPCOM Pin
ADPCO PM2 Register | CmMODSEL1 CmMODSELO ADS Register P26/ANI6/CMPCOM Pin
Register bit(m=0to2) | bit(m=0to 2)
Digital /10 Input mode Selects ANI6. Setting prohibited
selection Does not select ANI6. | Digital input
Output mode - Selects ANI6. Setting prohibited
Does not select ANI6. | Digital output
Analog input | Input mode CmMODSEL1 =0, or Selects ANI6. Analog input (to be converted into
selection CMMODSELO = 0 digital signal)

Does not select ANI6. | Analog input (not to be converted

into digital signal)

CmMODSEL1 =1, Selects ANI6. Analog input (to be converted into
digital signal), and comparator

common input

CmMODSELO =1

Does not select ANI6. | Comparator common input

Output mode - - Setting prohibited

Remark ADPCO: A/D port configuration register 0

PM2: Port mode register 2
CmMODSEL1, CmMODSELO: Bits 4 and 3 of comparator m control register (CmCTL)
ADS: Analog input channel specification register
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12.4 Operations of Comparators

12.4.1 Starting comparator operation (using internal reference voltage for comparator reference voltage)

Figure 12-12. Example of Setting Procedure When Starting Comparator Operation

(Using Internal Reference Voltage for Comparator Reference Voltage)

(

Start

)

ADPCO register setting

PM2 register setting

EGP, EGN
register setting

CnRVM register setting

CVRE bit setting

CnCTL register setting

CMPRNEN bit setting

CnOE bit settingN°te

(

Operation start

)

Setting the pin to be used as
a comparator input to analog input.

Setting the pin to be used as
a comparator input to input mode.

Setting the valid edge of comparator
output.

Select the internal reference voltage level by using
the CnVRSO0 to CnVRS4 bits of CnRVM.

Setting (1) the CVRE bit of CORVM and enabling
the internal reference voltage generation
operation.

Use the CnINV bit of CnCTL to select forwarding or
reversing of the output. Setting the internal reference
voltage to be used by using the CnMODSELO and
CnMODSEL1 bits. Use the CnDFS0 and CnDFS1 bits
to select the noise elimination width.

(Output disabled state)

Enable the comparator operation by setting (1) the
CMPNEN bit of CnCTL. Input to the CMPn+ pin will be
enabled at the same time.

Setting (1) the CnOE bit of CnCTL and enabling the
comparator output.

Note Setthe CnOE bit to 1 when at least 20 u s have elapsed after having set the CVRE bit.
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Figure 12-13. Example of Setting Procedure When Changing Internal Reference Voltage

C o )

CnOE bit setting

. . Changing the internal reference voltage level by
CnRVM register setting | ;sing 'the CnVRSO to CnVRS4 bits of CnRVM.

CnOE bit setting°te
Changing internal
reference voltage

Note Setthe CnOE bitto 1 when at least 5 u s have elapsed after having set the CnRVM register.

Clearing (0) the CnOE bit of CnCTL and disabling
the comparator output.

Setting (1) the CnOE bit of CnCTL and enabling the
comparator output.
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12.4.2 Starting comparator operation (using input voltage from CMPCOM pin for comparator reference voltage)

Figure 12-14. Example of Setting Procedure When Starting Comparator Operation

(Using Input Voltage from Comparator Common (CMPCOM) Pin
for Comparator Reference Voltage (78K0/FB2-L Only))

( Start

ADPCO register setting

PM2 register setting

EGP, EGN
register setting

CnCTL register setting

CMPNEN bit setting

CnOE bit settingNote

( Operation start

Setting the pin to be used as a comparator input and
comparator common input to analog input.

Setting the pin to be used as a comparator input and
comparator common input to input mode.

Setting the valid edge of comparator
output.

Use the CnINV bit of CnCTL to select forwarding or
reversing of the output. Setting the external reference
voltage by using the CnMODSELO and CnMODSEL1
bits. Use the CnDFSO0 and CnDFS1 bits to select the
noise elimination width.

(Output disabled state)

Enable the comparator operation by setting (1) the
CMPREN bit of CnCTL. Input to the CMPn+ pin will be
enabled at the same time.

Setting (1) the CnOE bit of CnCTL and enabling the
comparator output.

Note Setthe CnOE bit to 1 when at least 1 ¢ s have elapsed after having set the CMPnEN bit.

12.4.3 Stopping comparator operation

Figure 12-15. Example of Setting Procedure When Stopping Comparator Operation

( Operation in progress )

CnOE bit setting

Clear (0) the CnOE bit of CnCTL.

CMPRNEN bit setting

Clear (0) the CMPnNEN bit of CnCTL.

CVRE bit setting"°t

Clear (0) the CVRE bit of CORVM.N°t®

( Operation stop

)

Note Only when using the internal reference voltage.
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CHAPTER 13 SERIAL INTERFACE UARTG6

13.1 Functions of Serial Interface UART6

Serial interface UART6 are mounted onto all 78K0/Fx2-L microcontroller products.
Serial interface UART6 has the following two modes.

e Operation stop mode
e Asynchronous serial interface (UART) mode

(1) Operation stop mode
This mode is used when serial communication is not executed and can enable a reduction in the power consumption.
For details, refer to 13.4.1 Operation stop mode.

(2) Asynchronous serial interface (UART) mode
This mode supports the LIN (Local Interconnect Network)-bus. The functions of this mode are outlined below.
For details, refer to 13.4.2 Asynchronous serial interface (UART) mode and 13.4.3 Dedicated baud rate
generator.

e Maximum transfer rate: 625 kbps
e Two-pin configuration TxD6: Transmit data output pin
RxD6: Receive data input pin
e Data length of communication data can be selected from 7 or 8 bits.
o Dedicated internal 8-bit baud rate generator allowing any baud rate to be set
e Transmission and reception can be performed independently (full duplex operation).
e MSB- or LSB-first communication selectable
e Inverted transmission operation
e Sync break field transmission from 13 to 20 bits
e More than 11 bits can be identified for sync break field reception (SBF reception flag provided).

Cautions 1. The TxD6 output inversion function inverts only the transmission side and not the reception
side. To use this function, the reception side must be ready for reception of inverted data.

2. If clock supply to serial interface UART6 is not stopped (e.g., in the HALT mode), normal
operation continues. If clock supply to serial interface UARTG6 is stopped (e.g., in the STOP
mode), each register stops operating, and holds the value immediately before clock supply was
stopped. The TxD6 pin also holds the value immediately before clock supply was stopped and
outputs it. However, the operation is not guaranteed after clock supply is resumed. Therefore,
reset the circuit so that POWERG6 = 0, RXE6 = 0, and TXE6 = 0.

3. Set POWER6 = 1 and then set TXE6 = 1 (transmission) or RXE6 = 1 (reception) to start
communication.

4., TXE6 and RXE6 are synchronized by the base clock (fxcike) set by CKSR6. To enable
transmission or reception again, set TXE6 or RXE6 to 1 at least two clocks of the base clock
after TXE6 or RXE6 has been cleared to 0. If TXE6 or RXEG6 is set within two clocks of the base
clock, the transmission circuit or reception circuit may not be initialized.

5. Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.
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Caution 6. If data is continuously transmitted, the communication timing from the stop bit to the next start
bit is extended two operating clocks of the macro. However, this does not affect the result of
communication because the reception side initializes the timing when it has detected a start bit.
Do not use the continuous transmission function if the interface is used in LIN communication
operation.

Remark LIN stands for Local Interconnect Network and is a low-speed (1 to 20 kbps) serial communication protocol
intended to aid the cost reduction of an automotive network.
LIN communication is single-master communication, and up to 15 slaves can be connected to one master.
The LIN slaves are used to control the switches, actuators, and sensors, and these are connected to the LIN
master via the LIN network.
Normally, the LIN master is connected to a network such as CAN (Controller Area Network).
In addition, the LIN bus uses a single-wire method and is connected to the nodes via a transceiver that
complies with 1SO9141.
In the LIN protocol, the master transmits a frame with baud rate information and the slave receives it and
corrects the baud rate error. Therefore, communication is possible when the baud rate error in the slave is
+15% or less.

Figures 13-1 and 13-2 outline the transmission and reception operations of LIN.

Figure 13-1. LIN Transmission Operation

Wakeup Sync Sync field Identifier ~ Data field Data field Checksum
signal frame break field field field
| | | | | | |
LIN Bus
13-bitV*e2 SBF 55H Data Data Data Data
8 bitgNote 1 transmission transmission transmission transmission transmission transmission
It L
TX6
(output)

INTSTENote 3 ” ” n ” ” ” ”_

Notes 1. The wakeup signal frame is substituted by 80H transmission in the 8-bit mode.

2. The sync break field is output by hardware. The output width is the bit length set by bits 4 to 2 (SBL62 to
SBL60) of asynchronous serial interface control register 6 (ASICL6) (refer to 13.4.2 (2) (h) SBF
transmission).

3. INTST6 is output on completion of each transmission. It is also output when SBF is transmitted.

Remark The interval between each field is controlled by software.
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Figure 13-2. LIN Reception Operation

Wakeup Sync Sync field Identifier Data field Data field Checksum
signal frame break field field field
| | | | | | |
e I O e B
13-bit SF ID Data Data Data
SBF reception reception reception reception reception reception
| | | | | | |
<2> || | || <> |
RxD6 .
(input) Disable Enable
<3>
Reception interrupt
(INTSR6) n n n ” n ”—
\<1>
Edge detection
(INTPO)
<4>
Capture timer Disable Enable

Reception processing is as follows.

<1> The wakeup signal is detected at the edge of the pin, and enables UART6 and sets the SBF reception mode.

<2> Reception continues until the STOP bit is detected. When an SBF with low-level data of 11 bits or more has
been detected, it is assumed that SBF reception has been completed correctly, and an interrupt signal is output.
If an SBF with low-level data of less than 11 bits has been detected, it is assumed that an SBF reception error
has occurred. The interrupt signal is not output and the SBF reception mode is restored.

<3> |If SBF reception has been completed correctly, an interrupt signal is output. Start 16-bit timer/event counter 00
by the SBF reception end interrupt servicing and measure the bit interval (pulse width) of the sync field (refer to
7.4.8 Pulse width measurement operation). Detection of errors OVE6, PE6, and FE6 is suppressed, and
error detection processing of UART communication and data transfer of the shift register and RXB6 is not
performed. The shift register holds the reset value FFH.

<4> Calculate the baud rate error from the bit interval of the sync field, disable UART6 after SF reception, and then
re-set baud rate generator control register 6 (BRGCS6).

<5> Distinguish the checksum field by software. Also perform processing by software to initialize UART6 after
reception of the checksum field and to set the SBF reception mode again.

Figure 13-3 shows the port configuration for LIN reception operation.

The wakeup signal transmitted from the LIN master is received by detecting the edge of the external interrupt (INTPO).
The length of the sync field transmitted from the LIN master can be measured using the external event capture operation
of 16-bit timer/event counter 00, and the baud rate error can be calculated.

The input source of the reception port input (RxD6) can be input to the external interrupt (INTPO) and 16-bit timer/event
counter 00 by port input switch control (ISCO/ISC1), without connecting RxD6 and INTPO/TI000 externally.
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78K0/Fx2-L
Figure 13-3. Port Configuration for LIN Reception Operation
P61/SDAAO/RXDE O &
% RXD6 input
n
Port mode
(PM61)
Output latch
(P61)
POO/INTPO/TIO00 O & _
o S
— Z % ————= INTPO input
(2}
Port mode
(PMO0) Port input
switch control
Output latch (S€0)
. (F’Fﬁ‘oo";‘ ¢ <ISCO>
0: Select INTPO (P00)
1: Select RxD6 (P61)
S
8] .
% ———— ™ TIO0O0 input
(%)
Port input
switch control
(ISC1)
<ISC1>
0: Select TI000 (P00)
1: Select RxD6 (P61)
Remark ISCO, ISC1: Bits 0 and 1 of the input switch control register (ISC) (refer to Figure 13-11)
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The peripheral functions used in the LIN communication operation are shown below.

<Peripheral functions used>
o External interrupt (INTPO); wakeup signal detection
Use: Detects the wakeup signal edges and detects start of communication.

e 16-bit timer/event counter 00 (T1000); baud rate error detection
Use: Detects the baud rate error (measures the TI000 input edge interval in the capture mode) by detecting the

sync field (SF) le
e Serial interface UART6

ngth and divides it by the number of bits.

13.2 Configuration of Serial Interface UART6

Serial interface UART6 includes the following hardware.

Table 13-1. Configuration of Serial Interface UART6

Item

Configuration

Registers

Receive buffer register 6 (RXB6)
Receive shift register 6 (RXS6)
Transmit buffer register 6 (TXB6)
Transmit shift register 6 (TXS6)

Control registers

Asynchronous serial interface operation mode register 6 (ASIM6)
Asynchronous serial interface reception error status register 6 (ASIS6)
Asynchronous serial interface transmission status register 6 (ASIF6)
Clock selection register 6 (CKSR6)

Baud rate generator control register 6 (BRGC6)

Asynchronous serial interface control register 6 (ASICL6)

Input switch control register (ISC)

Port mode register 6 (PM6)

Port register 6 (P6)

Port output mode register 6 (POM6)
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1)

Receive buffer register 6 (RXB6)
This 8-bit register stores parallel data converted by receive shift register 6 (RXS6).

Each time 1 byte of data has been received, new receive data is transferred to this register from RXS6. If the data

length is set to 7 bits, data is transferred as follows.

* In LSB-first reception, the receive data is transferred to bits 0 to 6 of RXB6 and the MSB of RXB6 is always 0.
* In MSB-first reception, the receive data is transferred to bits 1 to 7 of RXB6 and the LSB of RXB6 is always O.
If an overrun error (OVEB6) occurs, the receive data is not transferred to RXB6.

RXB6 can be read by an 8-bit memory manipulation instruction. No data can be written to this register.

Reset signal generation sets this register to FFH.

(2) Receive shift register 6 (RXS6)
This register converts the serial data input to the RxD6 pin into parallel data.
RXS6 cannot be directly manipulated by a program.
(3) Transmit buffer register 6 (TXB6)
This buffer register is used to set transmit data. Transmission is started when data is written to TXB6.
This register can be read or written by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.
Cautions 1. Do not write data to TXB6 when bit 1 (TXBF6) of asynchronous serial interface transmission
status register 6 (ASIF6) is 1.
2. Do not refresh (write the same value to) TXB6 by software during a communication operation
(when bits 7 and 6 (POWERG6, TXE6) of asynchronous serial interface operation mode register 6
(ASIM®6) are 1 or when bits 7 and 5 (POWERG6, RXE6) of ASIM6 are 1).
3. Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.
(4) Transmit shift register 6 (TXS6)
This register transmits the data transferred from TXB6 from the TxD6 pin as serial data. Data is transferred from
TXB6 immediately after TXB6 is written for the first transmission, or immediately before INTST6 occurs after one
frame was transmitted for continuous transmission. Data is transferred from TXB6 and transmitted from the TxD6 pin
at the falling edge of the base clock.
TXS6 cannot be directly manipulated by a program.
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13.3 Registers Controlling Serial Interface UART6

Serial interface UART6 is controlled by the following ten registers.

e Asynchronous serial interface operation mode register 6 (ASIM6)

e Asynchronous serial interface reception error status register 6 (ASIS6)
e Asynchronous serial interface transmission status register 6 (ASIF6)

e Clock selection register 6 (CKSR6)

e Baud rate generator control register 6 (BRGC6)

e Asynchronous serial interface control register 6 (ASICL6)

e Input switch control register (ISC)

e Port mode register 6 (PM6)

e Port register 6 (P6)

e Port output mode register 6 (POM6)

(1) Asynchronous serial interface operation mode register 6 (ASIM6)
This 8-bit register controls the serial communication operations of serial interface UART6.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Remark ASIM6 can be refreshed (the same value is written) by software during a communication operation
(when bits 7 and 6 (POWERS, TXE6) of ASIM6 = 1 or bits 7 and 5 (POWERS, RXE6) of ASIM6 = 1).
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Figure 13-5. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (1/2)

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWERG TXE6 RXE6 PS61 PS60 CL6 SL6 ISRM6
POWER6 Enables/disables operation of internal operation clock
ghoret Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously
resets the internal circuit"**® %,
1 Enables operation of the internal operation clock
TXEG6 Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission
RXE6 Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception
Notes 1. The output of the TxD6 pin is fixed to the high level (when TXDLV6 = 0) and the input from the RxD6 pin is
fixed to the high level when POWERG = 0 during transmission.
2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface

transmission status register 6 (ASIF6), bit 7 (SBRF6) and bit 6 (SBRT6) of asynchronous serial interface

control register 6 (ASICL6), and receive buffer register 6 (RXB6) are reset.
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Figure 13-5. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (2/2)

PS61 PS60 Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parity°*®
1 0 Outputs odd parity. Judges as odd parity.
1 1 Outputs even parity. Judges as even parity.
CL6 Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits
SL6 Specifies number of stop bits of transmit data
0 Number of stop bits = 1
1 Number of stop bits = 2
ISRM6 Enables/disables occurrence of reception completion interrupt in case of error
0 “INTSREG6" occurs in case of error (at this time, INTSR6 does not occur).
1 “INTSR6” occurs in case of error (at this time, INTSRE6 does not occur).

Note If “reception as O parity” is selected, the parity is not judged. Therefore, bit 2 (PE6) of asynchronous serial
interface reception error status register 6 (ASIS6) is not set and the error interrupt does not occur.

Cautions 1. To start the transmission, set POWERG to 1 and then set TXE6 to 1. To stop the transmission,
clear TXE6 to 0, and then clear POWERG6 to 0.
2. To start the reception, set POWERSG6 to 1 and then set RXE6 to 1. To stop the reception, clear
RXE®6 to 0, and then clear POWERSG6 to 0.

3. Set POWERG6 to 1 and then set RXE6 to 1 while a high level is input to the RxD6 pin. If POWERG is

set to 1 and RXEG6 is set to 1 while alow level is input, reception is started.

4. TXE6 and RXE6 are synchronized by the base clock (fxcke) set by CKSR6. To enable
transmission or reception again, set TXE6 or RXEG6 to 1 at least two clocks of the base clock after
TXE6 or RXE6 has been cleared to 0. If TXE6 or RXEG6 is set within two clocks of the base clock,
the transmission circuit or reception circuit may not be initialized.

Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.
Clear the TXE6 and RXES6 bits to 0 before rewriting the PS61, PS60, and CL6 bits.
Fix the PS61 and PS60 bits to 0 when used in LIN communication operation.

© N o o

Clear TXE6 to 0 before rewriting the SL6 bit. Reception is always performed with “the number of
stop bits = 1", and therefore, is not affected by the set value of the SL6 bit.
9. Make sure that RXE6 = 0 when rewriting the ISRM6 bit.
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(2) Asynchronous serial interface reception error status register 6 (ASIS6)
This register indicates an error status on completion of reception by serial interface UART6. It includes three error
flag bits (PE6, FE6, OVES).
This register is read-only by an 8-bit memory manipulation instruction.
Reset signal generation, or clearing bit 7 (POWERS®) or bit 5 (RXE6) of ASIM6 to O clears this register to OOH. O0H is
read when this register is read. If a reception error occurs, read ASIS6 and then read UART receive buffer register 6
(RXBE6) to clear the error flag.

Figure 13-6. Format of Asynchronous Serial Interface Reception Error Status Register 6 (ASIS6)

Address: FF53H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS6 0 0 0 0 0 PE6 FE6 OVE6
PE6 Status flag indicating parity error
0 If POWERG6 = 0 or RXE6 = 0, or if ASIS6 register is read
1 If the parity of transmit data does not match the parity bit on completion of UART reception
FE6 Status flag indicating framing error
0 If POWER®G = 0 or RXE6 = 0, or if ASIS6 register is read
1 If the stop bit is not detected on completion of UART reception
OVE6 Status flag indicating overrun error
0 If POWERG6 = 0 or RXE6 = 0, or if ASIS6 register is read
1 If receive data is set to the RXB6 register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PE6 bit differs depending on the set values of the PS61 and PS60 bits of

asynchronous serial interface operation mode register 6 (ASIM6).

2. For the stop bit of the receive data, only the first stop bit is checked regardless of the number of
stop bits.

3. If an overrun error occurs, the next receive data is not written to receive buffer register 6 (RXB6)
but discarded.

4. If data is read from ASIS6, a wait cycle is generated. Do not read data from ASIS6 when the
peripheral hardware clock (frrs) is stopped. For details, refer to CHAPTER 30 CAUTIONS FOR
WAIT.
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(3) Asynchronous serial interface transmission status register 6 (ASIF6)
This register indicates the status of transmission by serial interface UART6. It includes two status flag bits (TXBF6
and TXSF6).
Transmission can be continued without disruption even during an interrupt period, by writing the next data to the
TXB6 register after data has been transferred from the TXB6 register to the TXS6 register.
This register is read-only by an 8-bit memory manipulation instruction.
Reset signal generation, or clearing bit 7 (POWERS) or bit 6 (TXE6) of ASIM6 to 0 clears this register to 00H.

Figure 13-7. Format of Asynchronous Serial Interface Transmission Status Register 6 (ASIF6)

Address: FF55H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF6 0 0 0 0 0 0 TXBF6 TXSF6
TXBF6 Transmit buffer data flag
0 If POWERG6 = 0 or TXE6 = 0, or if data is transferred to UART transmit shift register 6 (TXS6)
1 If data is written to transmit buffer register 6 (TXB6) (if data exists in TXB6)
TXSF6 Transmit shift register data flag
0 If POWERG6 = 0 or TXE6 = 0, or if the next data is not transferred from transmit buffer register 6
(TXB6) after completion of transfer
1 If data is transferred from transmit buffer register 6 (TXB6) (if data transmission is in progress)

Cautions 1. To transmit data continuously, write the first transmit data (first byte) to the TXB6 register. Be
sure to check that the TXBF6 flag is “0”. If so, write the next transmit data (second byte) to the
TXB6 register. If data is written to the TXB6 register while the TXBF®6 flag is “1”, the transmit data
cannot be guaranteed.

2. To initialize the transmission unit upon completion of continuous transmission, be sure to check
that the TXSF6 flag is “0” after generation of the transmission completion interrupt, and then
execute initialization. If initialization is executed while the TXSF6 flag is “1”, the transmit data
cannot be guaranteed.
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(4) Clock selection register 6 (CKSR6)
This register selects the base clock of serial interface UART6.
CKSRG6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Remark CKSR6 can be refreshed (the same value is written) by software during a communication operation (when
bits 7 and 6 (POWERS6, TXE6) of ASIM6 = 1 or bits 7 and 5 (POWERG6, RXEG6) of ASIM6 = 1).

Figure 13-8. Format of Clock Selection Register 6 (CKSR6)

Address: FF56H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CKSR6 | 0 ’ 0 ’ 0 ’ 0 ’ TPS63 TPS62 TPS61 TPS60
TPS63 TPS62 TPS61 TPS60 Base clock (fxciks) selection™**®
fers = 2 frrs = 5 fers = 10 fers = 20
MHz MHz MHz MHz
(when
using PLL)
0 0 0 0 frrs 2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 frrs/2 1 MHz 2.5 MHz 5 MHz 10 MHz
0 0 1 0 fers/2® | 500 kHz 1.25 MHz 2.5 MHz 5 MHz
0 0 1 1 fers/2® | 250 kHz 625 kHz 1.25 MHz 2.5 MHz
0 1 0 0 frrs/2*® | 125 kHz 312.5kHz |625kHz 1.25 MHz
0 1 0 1 fers/2® | 62.5 kHz 156.25 kHz |312.5kHz |625kHz
0 1 1 0 frrs/2® | 31.25kHz |78.13kHz |156.25 kHz |312.5 kHz
0 1 1 1 fers/2” | 15.625 kHz |39.06 kHz |78.13 kHz |156.25 kHz
1 0 0 0 frrs/2® | 7.813kHz |19.53kHz |39.06 kHz |78.13 kHz
1 0 0 1 frrs/2® | 3.906 kHz | 9.77 kHz 19.53 kHz |39.06 kHz
1 0 1 0 fers/2'® | 1.953kHz |4.88kHz |9.77kHz |19.53 kHz
Other than above Setting prohibited

Note If the peripheral hardware clock (frrs) operates on the high-speed system clock (fxv) (XSEL = 1), the frrs
operating frequency varies depending on the supply voltage.
®\Vop =2.7t0 5.5 V: frrs < 10 MHz
eVop =1.810 2.7 V: frrs <5 MHz

Caution Make sure POWERG6 = 0 when rewriting TPS63 to TPS60.

Remark fers: Peripheral hardware clock frequency
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(5) Baud rate generator control register 6 (BRGC6)
This register sets the division value of the 8-bit counter of serial interface UART6.
BRGC6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Remark BRGC6 can be refreshed (the same value is written) by software during a communication operation
(when bits 7 and 6 (POWERS, TXE6) of ASIM6 = 1 or bits 7 and 5 (POWERS, RXE6) of ASIM6 = 1).

Figure 13-9. Format of Baud Rate Generator Control Register 6 (BRGC6)

Address: FF57H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

BRGC6 | MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 |

MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 k Output clock selection of
8-bit counter
0 0 0 0 0 0 X X x | Setting prohibited
0 0 0 0 0 1 0 0 4 | fxcikeld
0 0 0 0 0 1 0 1 5 fxcLke/5
0 0 0 0 0 1 1 0 6 | fxcike/6
L[] L] (] L] L] L] [ ] L] L] [ ]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
1 1 1 1 1 1 0 0 252 | fxcike/252
1 1 1 1 1 1 0 1 253 | fxcike/253
1 1 1 1 1 1 1 0 254 | fxcike/254
1 1 1 1 1 1 1 1 255 | fxcike/255

Cautions 1. Make sure that bit 6 (TXE6) and bit 5 (RXE6) of the ASIM6 register = 0 when rewriting the MDL67
to MDL60 bits.
2. The baud rate is the output clock of the 8-bit counter divided by 2.

Remarks 1. fxcike: Frequency of base clock selected by the TPS63 to TPS60 bits of CKSR6 register
2. k: Value set by MDL67 to MDL60 bits (k =4, 5, 6, ..., 255)
3. x: Don't care
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(6) Asynchronous serial interface control register 6 (ASICL6)
This register controls the serial communication operations of serial interface UART6.
ASICL6 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 16H.

Caution ASICL6 can be refreshed (the same value is written) by software during a communication operation
(when bits 7 and 6 (POWERG6, TXE6) of ASIM6 = 1 or bits 7 and 5 (POWERG6, RXE6) of ASIM6 = 1).
However, do not set both SBRT6 and SBTT6 to 1 by a refresh operation during SBF reception
(SBRF6 = 1) or SBF transmission (until INTST6 occurs since SBTT6 has been set (1)), because it
may re-trigger SBF reception or SBF transmission.

Figure 13-10. Format of Asynchronous Serial Interface Control Register 6 (ASICL6) (1/2)

Address: FF58H After reset: 16H R/W"°*®

Symbol <7> <6> 5 4 3 2 1 0
ASICL6 SBRF6 SBRT6 SBTT6 SBL62 SBL61 SBL60 DIR6 TXDLV6
SBRF6 SBF reception status flag
0 If POWERG6 = 0 and RXE6 = 0 or if SBF reception has been completed correctly
1 SBF reception in progress
SBRT6 SBF reception trigger
0 —
1 SBF reception trigger
SBTT6 SBF transmission trigger
0 —
1 SBF transmission trigger

Note Bit 7 is read-only.
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Figure 13-10. Format of Asynchronous Serial Interface Control Register 6 (ASICL6) (2/2)

SBL62 SBL61 SBL60 SBF transmission output width control

1 0 1 SBF is output with 13-bit length.
1 1 0 SBF is output with 14-bit length.
1 1 1 SBF is output with 15-bit length.
0 0 0 SBF is output with 16-bit length.
0 0 1 SBF is output with 17-bit length.
0 1 0 SBF is output with 18-bit length.
0 1 1 SBF is output with 19-bit length.
1 0 0 SBF is output with 20-bit length.

DIR6 First-bit specification
0 MSB
1 LSB

TXDLV6 Enables/disables inverting TxD6 output

0 Normal output of TxD6
1 Inverted output of TxD6

Cautions 1.

In the case of an SBF reception error, the mode returns to the SBF reception mode. The status of
the SBRF6 flag is held (1).

Before setting the SBRT6 bit, make sure that bit 7 (POWERG6) and bit 5 (RXE6) of ASIM6 = 1. After
setting the SBRT6 bit to 1, do not clear it to 0 before SBF reception is completed (before an
interrupt request signal is generated).

The read value of the SBRT6 bit is always 0. SBRT6 is automatically cleared to O after SBF
reception has been correctly completed.

Before setting the SBTT6 bit to 1, make sure that bit 7 (POWERG6) and bit 6 (TXE6) of ASIM6 = 1.
After setting the SBTT6 bit to 1, do not clear it to 0 before SBF transmission is completed (before
an interrupt request signal is generated).

The read value of the SBTT6 bit is always 0. SBTT6 is automatically cleared to O at the end of
SBF transmission.

Do not set the SBRT6 bit to 1 during reception, and do not set the SBTT6 bit to 1 during
transmission.

Before rewriting the DIR6 and TXDLV6 bits, clear the TXE6 and RXEG6 bits to 0.

When the TXDLV6 bit is set to 1 (inverted TxD6 output), the TxD6/SCLAO/P60 pin cannot be used
as a general-purpose port, regardless of the settings of POWERG6 and TXE6. When using the
TxD6/SCLAO/P60 pin as a general-purpose port, clear the TXDLV6 bit to O (normal TxD6 output).
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(7) Input switch control register (ISC)
The input switch control register (ISC) is used to receive a status signal transmitted from the master during LIN (Local
Interconnect Network) reception.
The signal input from the RxD6 pin is selected as the input source of INTPO and TI000 when ISCO and ISC1 are set to
1 (refer to Figure 13-3 Port Configuration for LIN Reception Operation).
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00OH.
Figure 13-11. Format of Input Switch Control Register (ISC)
Address: FF4FH  Afterreset: OOH R/W
Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 0 0 0 ISC1 ISCO
ISC1 TI000 input source selection
0 TI000
1 RxD6
ISCO INTPO input source selection
0 INTPO
1 RxD6
Remark 78K0/FY2-L, 78K0/FA2-L: TIO00/INTPO/P00, RxD6/SDAAO/P61
78K0/FB2-L: TIO00/INTPO/P00, P121/X1/TOOLCO/<TI000>/<INTP0>, RxD6/SDAAO/P61
(8) Port mode register 6 (PM6)
This register set port 6 input/output in 1-bit units.
PM6 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.
When using the P60/TxD6/SCLAO pin for serial interface data output, clear PM60 to 0 and set the output latch of P60
to 1.
When using the P61/RxD6/SDAAO pin for serial interface data input, set PM61 to 1. The output latch of P61 at this
time may be 0 or 1.
Figure 13-12. Format of Port Mode Register 6 (PM6)
Address: FF26H  Afterreset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM6 | 1 | 1 | 1 | 1 | 1 | 1 | PM61 | PM60 |
PM6nN P6n pin I/O mode selection (n =0, 1)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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(9) Port output mode register 6 (POM6)
This register sets the output mode of P60 and P61 in 1-bit units.
When using the P60/TxD6/SCLAQ pin as the data output of serial interface UART6/DALLI, clear POM60 to 0.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 13-13. Format of Port Output Mode Register 6 (POM®6)

Address: FF2AH  Afterreset: 00H R/W

Symbol
POM6

7 6 5 4 3 2 1 0

0 0 0 0 0 0 POM61 POM60
POM6N P6n pin output mode selection (n =0, 1)

0 Normal output (CMOS output) mode

1 N-ch open drain output (Voo tolerance) mode
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13.4 Operation of Serial Interface UART6
Serial interface UART6 has the following two modes.

e Operation stop mode
e Asynchronous serial interface (UART) mode

13.4.1 Operation stop mode
In this mode, serial communication cannot be executed; therefore, the power consumption can be reduced. In addition,
the pins can be used as ordinary port pins in this mode. To set the operation stop mode, clear bits 7, 6, and 5 (POWERS,

TXE6, and RXE6) of ASIM6 to 0.

(1) Register used
The operation stop mode is set by asynchronous serial interface operation mode register 6 (ASIM6).
ASIM6 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWERG6 TXE6 RXE6 PS61 PS60 CL6 SL6 ISRM6
POWER6 Enables/disables operation of internal operation clock
ghete? Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously

resets the internal circuit“**® 2,

TXE6 Enables/disables transmission

0 Disables transmission operation (synchronously resets the transmission circuit).
RXE6 Enables/disables reception

0 Disables reception (synchronously resets the reception circuit).

Notes 1. The output of the TxD6 pin is fixed to high level (when TXDLV6 = 0) and the input from the RxD6 pin is
fixed to high level when POWERS6 = 0 during transmission.
2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface
transmission status register 6 (ASIF6), bit 7 (SBRF6) and bit 6 (SBRT6) of asynchronous serial interface
control register 6 (ASICL6), and receive buffer register 6 (RXB6) are reset.

Caution Clear POWERSG to 0 after clearing TXE6 and RXE6 to 0 to stop the operation.
To start the communication, set POWERG to 1, and then set TXE6 or RXE6 to 1.

Remark To use the RxD6/SDAAOQ/P61 and TxD6/SCLAQ/P60 pins as general-purpose port pins, refer to CHAPTER 4
PORT FUNCTIONS.
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13.4.2 Asynchronous serial interface (UART) mode

In this mode, data of 1 byte is transmitted/received following a start bit, and a full-duplex operation can be performed.

A dedicated UART baud rate generator is incorporated, so that communication can be executed at a wide range of
baud rates.

(1) Registers used

e Asynchronous serial interface operation mode register 6 (ASIM6)

¢ Asynchronous serial interface reception error status register 6 (ASIS6)
¢ Asynchronous serial interface transmission status register 6 (ASIF6)

¢ Clock selection register 6 (CKSR6)

¢ Baud rate generator control register 6 (BRGC6)

e Asynchronous serial interface control register 6 (ASICL6)

¢ Input switch control register (ISC)

e Port mode register 6 (PM6)

e Port register 6 (P6)

¢ Port output mode register 6 (POM6)

The basic procedure of setting an operation in the UART mode is as follows.

<1> Setthe CKSR6 register (refer to Figure 13-8).
<2> Set the BRGCS register (refer to Figure 13-9).
<3> Set bits 0 to 4 (ISRM6, SL6, CL6, PS60, PS61) of the ASIM6 register (refer to Figure 13-5).
<4> Set bits 0 and 1 (TXDLV6, DIR6) of the ASICLS6 register (refer to Figure 13-10).
<5> Set bit 7 (POWER®6) of the ASIM6 register to 1.
<6> Set bit 6 (TXE6) of the ASIM6 register to 1. — Transmission is enabled.
Set bit 5 (RXE6) of the ASIM6 register to 1. — Reception is enabled.
<7> Write data to TXB6 register. — Data transmission is started.

Caution Take relationship with the other party of communication when setting the port mode register and
port register.
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The relationship between the register settings and pins is shown below.

Table 13-2. Relationship Between Register Settings and Pins

POWER| TXE6 RXE6 | PM60 P60 PM61 P61 | POM60 | POM61 UART6 Pin Function
6 Operation TxD6/ RxD6/
SCLAO0/ SDAAO/

P60 P61

0 0 0 ><Note ><Note ><Note ><Note ><Note ><Nme Stop P60 P61
0 1 0 1 1 1 SCLAO SDAAO
1 0 Note | Note 1 x xhote x Reception P60 RxD6
0 1 xote | Note x| Transmission TxD6 P61
1 X 0 X Transmission/ TxD6 RxD6

reception

Note Can be set as port function.

Remark x :don’t care
POWERG6 : Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
TXE6 : Bit 6 of ASIM6
RXE6 : Bit 5 of ASIM6
PM6x : Port mode register
P6x : Port output latch

POMG60, POM61 : Bits 0 and 1 of Port output mode register 6 (POM6)
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(2) Communication operation

(@) Format and waveform example of normal transmit/receive data
Figures 13-14 and 13-15 show the format and waveform example of the normal transmit/receive data.

Figure 13-14. Format of Normal UART Transmit/Receive Data

1. LSB-first transmission/reception

1 data frame

SE’;t” po | b1 [ b2 | o3| pa|ps | pe | D7 P"’gi'tty Stop bit
Character bits
2. MSB-first transmission/reception
1 data frame
SE’;t” o7 | o6 [ D5 | b4 | b3 | D2 | D1 | DO P"’gi'tty Stop bit

Character bits

One data frame consists of the following bits.

e Start bit ... 1 bit

o Character bits ... 7 or 8 bits

o Parity bit ... Even parity, odd parity, O parity, or no parity
e Stop bit ... 1 or 2 hits

The character bit length, parity, and stop bit length in one data frame are specified by asynchronous serial
interface operation mode register 6 (ASIM6).

Whether data is communicated with the LSB or MSB first is specified by bit 1 (DIR6) of asynchronous serial
interface control register 6 (ASICL6).

Whether the TxD6 pin outputs normal or inverted data is specified by bit 0 (TXDLV6) of ASICLS6.
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Figure 13-15. Example of Normal UART Transmit/Receive Data Waveform

1. Datalength: 8 bits, LSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame
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2. Data length: 8 bits, MSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame
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3. Data length: 8 bits, MSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H, TxD6 pin
inverted output

1 data frame
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4. Data length: 7 bits, LSB first, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H

1 data frame
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5. Data length: 8 bits, LSB first, Parity: None, Stop bit: 1 bit, Communication data: 87H

1 data frame

Stat | DO ! D1 | D2 D3 ' D4 ' D5 ' D6 D7 | Stop !
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(b) Parity types and operation
The parity bit is used to detect a bit error in communication data. Usually, the same type of parity bit is used on
both the transmission and reception sides. With even parity and odd parity, a 1-bit (odd number) error can be
detected. With zero parity and no parity, an error cannot be detected.

Caution Fix the PS61 and PS60 bits to 0 when the device is used in LIN communication operation.

(i) Even parity
e Transmission
Transmit data, including the parity bit, is controlled so that the number of bits that are “1” is even.
The value of the parity bit is as follows.

If transmit data has an odd number of bits that are “1”: 1
If transmit data has an even number of bits that are “1”: 0

e Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is odd, a parity
error occurs.

(i) Odd parity
e Transmission
Unlike even parity, transmit data, including the parity bit, is controlled so that the number of bits that are
“1” is odd.

If transmit data has an odd number of bits that are “1”: 0
If transmit data has an even number of bits that are “1”; 1

e Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is even, a parity
error occurs.

(i) O parity
The parity bit is cleared to 0 when data is transmitted, regardless of the transmit data.
The parity bit is not detected when the data is received. Therefore, a parity error does not occur regardless
of whether the parity bit is “0” or “1”".

(iv) No parity
No parity bit is appended to the transmit data.
Reception is performed assuming that there is no parity bit when data is received. Because there is no
parity bit, a parity error does not occur.
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(c) Normal transmission
When bit 7 (POWER®G) of asynchronous serial interface operation mode register 6 (ASIM6) is set to 1 and bit 6
(TXE6) of ASIM6 is then set to 1, transmission is enabled. Transmission can be started by writing transmit data
to transmit buffer register 6 (TXB6). The start bit, parity bit, and stop bit are automatically appended to the data.
When transmission is started, the data in TXB6 is transferred to transmit shift register 6 (TXS6). After that, the
transmit data is sequentially output from TXS6 to the TxD6 pin. When transmission is completed, the parity and
stop bits set by ASIM6 are appended and a transmission completion interrupt request (INTST6) is generated.
Transmission is stopped until the data to be transmitted next is written to TXB6.
Figure 13-16 shows the timing of the transmission completion interrupt request (INTST6). This interrupt occurs
as soon as the last stop bit has been output.

Figure 13-16. Normal Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxD6 (output) \ Start/ DO X D1 X D2 U D6 X D7 XParity Stopl
INTST6 —|

2. Stop bit length: 2

\ \
TxD6 (output) Start/ DO X D1 X D2 gx D6 X D7 XParity/ Stop

INTST6
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(d) Continuous transmission

The next transmit data can be written to transmit buffer register 6 (TXB6) as soon as transmit shift register 6
(TXS6) has started its shift operation. Consequently, even while the INTST6 interrupt is being serviced after
transmission of one data frame, data can be continuously transmitted and an efficient communication rate can be
realized. In addition, the TXB6 register can be efficiently written twice (2 bytes) without having to wait for the
transmission time of one data frame, by reading bit 0 (TXSF6) of asynchronous serial interface transmission
status register 6 (ASIF6) when the transmission completion interrupt has occurred.

To transmit data continuously, be sure to reference the ASIF6 register to check the transmission status and
whether the TXB6 register can be written, and then write the data.

Cautions 1. The TXBF6 and TXSF6 flags of the ASIF6 register change from “10” to “11”, and to “01”
during continuous transmission. To check the status, therefore, do not use a combination
of the TXBF6 and TXSF6 flags for judgment. Read only the TXBF6 flag when executing
continuous transmission.

2. When the device is use in LIN communication operation, the continuous transmission
function cannot be used. Make sure that asynchronous serial interface transmission status
register 6 (ASIF6) is 00H before writing transmit data to transmit buffer register 6 (TXB6).

TXBF6 Writing to TXB6 Register
0 Writing enabled
1 Writing disabled

Caution To transmit data continuously, write the first transmit data (first byte) to the TXB6 register. Be
sure to check that the TXBF6 flag is “0”. If so, write the next transmit data (second byte) to the
TXB6 register. If data is written to the TXB6 register while the TXBF6 flag is “1”, the transmit
data cannot be guaranteed.

The communication status can be checked using the TXSF6 flag.

TXSF6 Transmission Status
0 Transmission is completed.
1 Transmission is in progress.

Cautions 1. To initialize the transmission unit upon completion of continuous transmission, be sure to
check that the TXSF6 flag is “0” after generation of the transmission completion interrupt,
and then execute initialization. If initialization is executed while the TXSF®6 flag is “1”, the
transmit data cannot be guaranteed.

2. During continuous transmission, the next transmission may complete before execution of
INTST6 interrupt servicing after transmission of one data frame. As a countermeasure,
detection can be performed by developing a program that can count the number of transmit
data and by referencing the TXSF6 flag.
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Figure 13-17 shows an example of the continuous transmission processing flow.

Figure 13-17. Example of Continuous Transmission Processing Flow

Set registers.

Write TXB6.

Transfer
executed necessary
number of times?

Read ASIF6
TXBF6 =0?

Yes

Write TXB6.

Transmission
completion interrupt
occurs?

No

Transfer
executed necessary
number of times?

Yes

Read ASIF6
TXSF6 = 07?

€

Completion of
ransmission processing

Remark TXB6:
ASIF6:
TXBF6:
TXSF6:

Transmit buffer register 6

Asynchronous serial interface transmission status register 6
Bit 1 of ASIF6 (transmit buffer data flag)
Bit 0 of ASIF6 (transmit shift register data flag)
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Figure 13-18 shows the timing of starting continuous transmission, and Figure 13-19 shows the timing of ending
continuous transmission.

Figure 13-18. Timing of Starting Continuous Transmission

TxD6 / \Start'," Data (1) :.'(Parity/ Stop \Start'," Data (2) ';‘ Parity/ Stop \Start
INTST6 N\ /\

TXB6 FF Data(l) X Data(2) Data (3) X

TXS6 FF Data (1) X Data (2) X Data (3)
’ B ’ ’
TXBF6 / v/ \s /
TXSF6

Note When ASIF6 is read, there is a period in which TXBF6 and TXSF6 = 1, 1. Therefore, judge whether
writing is enabled using only the TXBF6 bit.

Remark TxD6:  TxD6 pin (output)
INTST6: Interrupt request signal
TXB6: Transmit buffer register 6
TXS6:  Transmit shift register 6
ASIF6: Asynchronous serial interface transmission status register 6
TXBF6: Bit 1 of ASIF6
TXSF6: Bit 0 of ASIF6
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Figure 13-19. Timing of Ending Continuous Transmission

-

INTST6 N\ N\

TXB6 Data (n — 1) X Data (n)

i R

TXS6 X Data (n - 1) X Data (n) :

><
ul
M

0 y

TXSF6 "\ /
POWERG6 or TXE6 \

Remark TxD6: TxD6 pin (output)
INTST6: Interrupt request signal
TXB6: Transmit buffer register 6
TXS6: Transmit shift register 6
ASIF6: Asynchronous serial interface transmission status register 6

TXBF6: Bit 1 of ASIF6
TXSF6: Bit 0 of ASIF6
POWERSG6: Bit 7 of asynchronous serial interface operation mode register (ASIM6)

TXES6: Bit 6 of asynchronous serial interface operation mode register (ASIM6)
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(e) Normal reception
Reception is enabled and the RxD6 pin input is sampled when bit 7 (POWERSG6) of asynchronous serial interface
operation mode register 6 (ASIM6) is set to 1 and then bit 5 (RXE6) of ASIM6 is set to 1.
The 8-bit counter of the baud rate generator starts counting when the falling edge of the RxD6 pin input is
detected. When the set value of baud rate generator control register 6 (BRGC6) has been counted, the RxD6 pin
input is sampled again ( in FiguiRy 14-20). If the RxD6 pin is low level at this time, it is recognized as a start bit.
When the start bit is detected, reception is started, and serial data is sequentially stored in the receive shift
register 6 (RXS6) at the set baud rate. When the stop bit has been received, the reception completion interrupt
(INTSR®6) is generated and the data of RXS6 is written to receive buffer register 6 (RXB6). If an overrun error
(OVESB) occurs, however, the receive data is not written to RXB6.
Even if a parity error (PE6) occurs while reception is in progress, reception continues to the reception position of
the stop bit, and a reception error interrupt (INTSR6/INTSREB6) is generated on completion of reception.

Figure 13-20. Reception Completion Interrupt Request Timing

)
I
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O
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Ny
)
]
Z
wn
D
-5 -4--
o

RxD6 (input) Start

INTSR6 rT
X

RXB6

Cautions 1. If areception error occurs, read ASIS6 and then RXB6 to clear the error flag. Otherwise, an
overrun error will occur when the next data is received, and the reception error status will
persist.

2. Reception is always performed with the “number of stop bits = 1”. The second stop bit is
ignored.

3. Be sure to read asynchronous serial interface reception error status register 6 (ASIS6)
before reading RXB6.
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(f) Reception error
Three types of errors may occur during reception: a parity error, framing error, or overrun error. If the error flag of
asynchronous serial interface reception error status register 6 (ASIS6) is set as a result of data reception, a
reception error interrupt request (INTSR6/INTSRESG) is generated.
Which error has occurred during reception can be identified by reading the contents of ASIS6 in the reception
error interrupt (INTSR6/INTSREG6) servicing (refer to Figure 13-6).
The contents of ASIS6 are cleared to 0 when ASIS6 is read.

Table 13-3. Cause of Reception Error

Reception Error Cause
Parity error The parity specified for transmission does not match the parity of the receive data.
Framing error Stop bit is not detected.
Overrun error Reception of the next data is completed before data is read from receive buffer
register 6 (RXB6).

The reception error interrupt can be separated into reception completion interrupt (INTSR6) and error interrupt
(INTSRESG) by clearing bit 0 (ISRM6) of asynchronous serial interface operation mode register 6 (ASIM6) to O.

Figure 13-21. Reception Error Interrupt

1. If ISRM6 is cleared to O (reception completion interrupt (INTSR6) and error interrupt (INTSREG6) are

separated)
(&) No error during reception (b) Error during reception
INTSR6 INTSR6
INTSREG INTSREG

2. If ISRM6 is set to 1 (error interruptis included in INTSR6)

(&) No error during reception (b) Error during reception
INTSR6 INTSR6
INTSRE6 INTSRE6
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(g) Noise filter of receive data
The RxD6 signal is sampled with the base clock output by the prescaler block.
If two sampled values are the same, the output of the match detector changes, and the data is sampled as input
data.
Because the circuit is configured as shown in Figure 13-22, the internal processing of the reception operation is
delayed by two clocks from the external signal status.

Figure 13-22. Noise Filter Circuit

Base clock

Internal signal A

RxD6/P14 © In Q In Q | Internal signal B

Match detector LD_EN

(h) SBF transmission
When the device is use in LIN communication operation, the SBF (Synchronous Break Field) transmission control
function is used for transmission. For the transmission operation of LIN, refer to Figure 13-1 LIN Transmission
Operation.
When bit 7 (POWERS) of asynchronous serial interface mode register 6 (ASIM6) is set to 1, the TxD6 pin outputs
high level. Next, when bit 6 (TXE6) of ASIM6 is set to 1, the transmission enabled status is entered, and SBF
transmission is started by setting bit 5 (SBTT6) of asynchronous serial interface control register 6 (ASICL6) to 1.
Thereafter, a low level of bits 13 to 20 (set by bits 4 to 2 (SBL62 to SBL60) of ASICL6) is output. Following the
end of SBF transmission, the transmission completion interrupt request (INTST6) is generated and SBTT6 is
automatically cleared. Thereafter, the normal transmission mode is restored.
Transmission is suspended until the data to be transmitted next is written to transmit buffer register 6 (TXB6), or
until SBTT6 is set to 1.

Figure 13-23. SBF Transmission

455 9510

[ —)

1
'
'
'
'
'

N
w
=
[
N
N

TxD6 1

INTST6 |_|
SBTT6 |

Remark TxD6:  TxD6 pin (output)
INTST6: Transmission completion interrupt request
SBTT6: Bit 5 of asynchronous serial interface control register 6 (ASICL6)
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(i) SBF reception

When the device is used in LIN communication operation, the SBF (Synchronous Break Field) reception control
function is used for reception. For the reception operation of LIN, refer to Figure 13-2 LIN Reception Operation.
Reception is enabled when bit 7 (POWERSG) of asynchronous serial interface operation mode register 6 (ASIM6)
is set to 1 and then bit 5 (RXE6) of ASIM6 is set to 1. SBF reception is enabled when bit 6 (SBRT6) of
asynchronous serial interface control register 6 (ASICLS6) is set to 1. In the SBF reception enabled status, the
RxD6 pin is sampled and the start bit is detected in the same manner as the normal reception enable status.
When the start bit has been detected, reception is started, and serial data is sequentially stored in the receive
shift register 6 (RXS6) at the set baud rate. When the stop bit is received and if the width of SBF is 11 bits or
more, a reception completion interrupt request (INTSR6) is generated as normal processing. At this time, the
SBRF6 and SBRT6 bits are automatically cleared, and SBF reception ends. Detection of errors, such as OVES,
PE6, and FE6 (bits 0 to 2 of asynchronous serial interface reception error status register 6 (ASIS6)) is
suppressed, and error detection processing of UART communication is not performed. In addition, data transfer
between receive shift register 6 (RXS6) and receive buffer register 6 (RXB6) is not performed, and the reset
value of FFH is retained. If the width of SBF is 10 bits or less, an interrupt does not occur as error processing
after the stop bit has been received, and the SBF reception mode is restored. In this case, the SBRF6 and
SBRT6 bits are not cleared.

Figure 13-24. SBF Reception

1. Normal SBF reception (stop bit is detected with a width of more than 10.5 bits)

RD6 | 1 2 3 4 5 6 7 8 9 10 11
SBRT6 |
/SBRF6 | I
INTSR6 ”
2. SBF reception error (stop bit is detected with a width of 10.5 bits or less)
Ros | L 2 i3 iais e {7 is8 {9 ||
SBRT6 | :
/ISBRF6 H
INTSR6 , 5
Remark RxD6: RxD®6 pin (input)
SBRT6: Bit 6 of asynchronous serial interface control register 6 (ASICL6)
SBRF6: Bit 7 of ASICL6
INTSR6: Reception completion interrupt request
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13.4.3 Dedicated baud rate generator
The dedicated baud rate generator consists of a source clock selector and an 8-bit programmable counter, and
generates a serial clock for transmission/reception of UART6.

Separate 8-bit counters are provided for transmission and reception.

(1) Configuration of baud rate generator

Base clock

The clock selected by bits 3 to 0 (TPS63 to TPS60) of clock selection register 6 (CKSR6) is supplied to each
module when bit 7 (POWERS6) of asynchronous serial interface operation mode register 6 (ASIM6) is 1. This
clock is called the base clock and its frequency is called fxcike. The base clock is fixed to low level when
POWERS6 = 0.

Transmission counter

This counter stops operation, cleared to 0, when hit 7 (POWERS) or bit 6 (TXE6) of asynchronous serial interface
operation mode register 6 (ASIM6) is 0.

It starts counting when POWERG6 = 1 and TXE6 = 1.

The counter is cleared to 0 when the first data transmitted is written to transmit buffer register 6 (TXB6).

If data are continuously transmitted, the counter is cleared to 0 again when one frame of data has been completely
transmitted. If there is no data to be transmitted next, the counter is not cleared to 0 and continues counting until
POWERSG6 or TXES is cleared to 0.

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERS) or bit 5 (RXE6) of asynchronous serial interface
operation mode register 6 (ASIM6) is 0.

It starts counting when the start bit has been detected.

The counter stops operation after one frame has been received, until the next start bit is detected.
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Remark POWERS6:

Figure 13-25. Configuration of Baud Rate Generator

POWERG

frrs ——

frrs/2 —
fprs/22 ——*
frrs/23 ——=
frrs/24 —

frrs/25 ——
PR/ Selector

Baud rate generator

POWERS, TXE6 (or RXE6)

l

frrs/28 —
fers/27 ——

frrs/28 ——=
frrs/29 ——=
fprs/210 ——»

8-bit timer/ .
event counter
50 output ‘ ‘

fxcLke

8-bit counter

Match detector

1/2

—L— Baud rate

CKSRG6: TPS63 to TPS60

BRGC6: MDL67 to MDL60

TXEG6: Bit 6 of ASIM6
RXEG6: Bit 5 of ASIM6

CKSR6:  Clock selection register 6
BRGC6: Baud rate generator control register 6

(2) Generation of serial clock
A serial clock to be generated can be specified by using clock selection register 6 (CKSR6) and baud rate generator
control register 6 (BRGCS6).
The clock to be input to the 8-bit counter can be set by bits 3 to 0 (TPS63 to TPS60) of CKSR6 and the division value
(fxcLkel4 to fxcLke/255) of the 8-bit counter can be set by bits 7 to 0 (MDL67 to MDL60) of BRGC6.

Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
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13.4.4 Calculation of baud rate

(1) Baud rate calculation expression
The baud rate can be calculated by the following expression.

f
e Baud rate = XCLI [bps]
2xk
fxcike:  Frequency of base clock selected by TPS63 to TPS60 bits of CKSR®6 register

k: Value set by MDL67 to MDLG60 bits of BRGCS6 register (k =4, 5, 6, ..., 255)

Table 13-4. Set Value of TPS63 to TPS60

TPS63 TPS62 TPS61 TPS60 Base Clock (fxciks) Selection™°*
frrs = 2 MHz | frrs =5 MHz frrs = 10 frrs = 20
MHz MHz
(when using
PLL)
0 0 0 0 fers 2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 frrs/2 1 MHz 2.5 MHz 5 MHz 10 MHz
0 0 1 0 fers/2? | 500 kHz 1.25 MHz 2.5 MHz 5 MHz
0 0 1 1 frs/2® | 250 kHz 625 kHz 1.25 MHz 2.5 MHz
0 1 0 0 fers/2* | 125 kHz 312.5 kHz 625 kHz 1.25 MHz
0 1 0 1 fers/2® | 62.5 kHz 156.25 kHz 312.5 kHz 625 kHz
0 1 1 0 fers/2® | 31.25 kHz 78.13 kHz 156.25 kHz 312.5kHz
0 1 1 1 fers/2” | 15.625 kHz 39.06 kHz 78.13 kHz 156.25 kHz
1 0 0 0 fers/2® | 7.813 kHz 19.53 kHz 39.06 kHz 78.13 kHz
1 0 0 1 fers/2° | 3.906 kHz 9.77 kHz 19.53 kHz 39.06 kHz
1 0 1 0 fers/2'® | 1.953 kHz | 4.88 kHz 9.77 kHz 19.53 kHz
Other than above Setting prohibited
Note If the peripheral hardware clock (frrs) operates on the high-speed system clock (fx+) (XSEL = 1), the frrs

operating frequency varies depending on the supply voltage.
e Vpp=2.71t05.5V: frrs £ 10 MHz
e Vop=1.8102.7 V: frrs <5 MHz
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(2) Error of baud rate
The baud rate error can be calculated by the following expression.

e Error (%) = [

Cautions 1.

Actual baud rate (baud rate with error)

- - ] x 100 [%]

Desired baud rate (correct baud rate)

Keep the baud rate error during transmission to within the permissible error range at the
reception destination.

Make sure that the baud rate error during reception satisfies the range shown in (4) Permissible
baud rate range during reception.

Example: Frequency of base clock = 10 MHz = 10,000,000 Hz
Set value of MDL67 to MDL60 bits of BRGC6 register = 00100001B (k = 33)
Target baud rate = 153600 bps

Baud rate = 10 M / (2 x 33)

= 10000000 / (2 x 33) = 151,515 [bps]

Error = (151515/153600 — 1) x 100

=-1.357 [%]

(3) Example of setting baud rate

Table 13-5. Set Data of Baud Rate Generator

Baud frrs = 2.0 MHz frrs = 5.0 MHz frrs = 10.0 MHz frrs = 20.0 MHz
Rate (when using PLL)
[bps] TPS63-| k |Calculated| ERR | TPS63-| k |[Calculated| ERR | TPS63- | k |Calculated| ERR [ TPS63-| k | Calculated | ERR
TPS60 Value [%] | TPS60 Value [%] | TPS60 Value [%] | TPS60 Value [%]
300 8H |13 301 0.16 7H 65 301 0.16 8H 65 301 0.16 9H | 65 301 0.16
600 7H |13 601 0.16 6H 65 601 0.16 7H 65 601 0.16 8H | 65 601 0.16
1200 6H [13| 1202 0.16 5H 65 1202 | 0.16 6H 65 1202 0.16 7H 65 1202 0.16
2400 5H |[13| 2404 0.16 4H 65| 2404 | 0.16 5H 65| 2404 0.16 6H |65 2404 0.16
4800 4H | 13| 4808 0.16 3H 65 | 4808 | 0.16 4H 65| 4808 0.16 5H |65 4808 0.16
9600 3H |[13]| 9615 0.16 2H 65| 9615 | 0.16 3H 65| 9615 0.16 4H | 65 9615 0.16
19200 2H 13| 19231 | 0.16 1H 65 | 19231 | 0.16 2H 65| 19231 | 0.16 3H 65 19231 | 0.16
24000 1H |21| 23810 |-0.79| 3H 13 | 24038 | 0.16 4H 13| 24038 | 0.16 5H |13 | 24038 |0.16
31250 1H |16| 31250 0 4H 5 | 31250 0 5H 5| 31250 0 6H 5 31250 0
38400 1H |13 | 38462 | 0.16 OH 65 | 38462 | 0.16 1H 65| 38462 | 0.16 2H | 65| 38462 |0.16
48000 OH |21| 47619 |-0.79| 2H 13 | 48077 | 0.16 3H 13| 48077 | 0.16 4H 13| 48077 |[0.16
76800 OH |[13]| 76923 | 0.16 OH 33| 75758 |-1.36| OH 65| 76923 | 0.16 1H |65| 76923 |0.16
115200 OH 9 | 111111 |-3.55| 1H 11 | 113636 |-1.36| OH 43 | 116279 | 0.94 OH 87 | 116279 |-0.22
153600 - - - - 1H 8 | 156250 | 1.73 OH 33| 151515 |-1.36| 1H 33| 151515 |-1.36
312500 - - - - OH 8 | 312500 0 1H 8 | 312500 0 2H 8 | 312500 0
625000 - - - - OH 4 | 625000 0 1H 4 | 625000 0 2H 4 | 625000 0
Remark TPS63to TPS60: Bits 3 to 0 of clock selection register 6 (CKSR6) (setting of base clock (fxcLks))
k: Value set by MDL67 to MDLG60 bits of baud rate generator control register 6 (BRGC6) (k
=4,5,86, ..., 255)
fers: Peripheral hardware clock frequency
ERR: Baud rate error
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(4) Permissible baud rate range during reception
The permissible error from the baud rate at the transmission destination during reception is shown below.

Caution Make sure that the baud rate error during reception is within the permissible error range, by using
the calculation expression shown below.

Figure 13-26. Permissible Baud Rate Range During Reception

Latch timing
4 Y% 4 Y Y #7
I
Data frame length \ . . . x >< . - .
of UART6 Start blt/< Bit 0 X Bit 1 Bit 7 XParlty blty Stop bit \
FL

1 data frame (11 x FL)

Minimum permissible \ . . . x x . I .
data frame length Startblt/< Bit 0 X Bit 1 Bit 7 XPanty b|t>/ Stop bi

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
data frame length

FLmax

—

As shown in Figure 13-26, the latch timing of the receive data is determined by the counter set by baud rate generator
control register 6 (BRGCS6) after the start bit has been detected. If the last data (stop bit) meets this latch timing, the
data can be correctly received.

Assuming that 11-bit data is received, the theoretical values can be calculated as follows.

FL = (Brate)™

Brate: Baud rate of UART6

k: Set value of BRGC6
FL: 1-bit data length
Margin of latch timing: 2 clocks
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Minimum permissible data frame length: FLmin = 11 x FL — k=2 x FL = 21;: 2 FL

Therefore, the maximum receivable baud rate at the transmission destination is as follows.

Brate

BRmax = (FLmin/11)™" =
21k + 2

Similarly, the maximum permissible data frame length can be calculated as follows.

10 Fimax=11xFL-K*2, 5 = 22k=2 o
11 2xk 2%k
FLmax = 22K=2 ¢« 11

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

BRmin = (FLmax/11)™* =—22X_ Brate
21k -2

The permissible baud rate error between UART6 and the transmission destination can be calculated from the above
minimum and maximum baud rate expressions, as follows.

Table 13-6. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
4 +2.33% -2.44%
8 +3.53% -3.61%
20 +4.26% -4.31%
50 +4.56% —4.58%
100 +4.66% -4.67%
255 +4.72% -4.73%

Remarks 1. The permissible error of reception depends on the number of bits in one frame, input clock frequency,
and division ratio (k). The higher the input clock frequency and the higher the division ratio (k), the
higher the permissible error.

2. k: Set value of BRGC6
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(5) Dataframe length during continuous transmission
When data is continuously transmitted, the data frame length from a stop bit to the next start bit is extended by two
clocks of base clock from the normal value. However, the result of communication is not affected because the timing
is initialized on the reception side when the start bit is detected.

Figure 13-27. Data Frame Length During Continuous Transmission

Start bit of
second byte

\ Start bit /< Bit 0 X Bit 1 x x Bit 7 XParitybit}lStopbit\Startbit‘ BitO x
L FL FL

1 data frame

---------- -

FL FLstp FL FL

FL F

Where the 1-bit data length is FL, the stop bit length is FLstp, and base clock frequency is fxciks, the following
expression is satisfied.

FLstp = FL + 2/fxcLke
Therefore, the data frame length during continuous transmission is:

Data frame length = 11 x FL + 2/fxcLks
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CHAPTER 14 SERIAL INTERFACE IICA

14.1 Functions of Serial Interface IICA

Serial interface IICA is mounted onto all 78K0/Fx2-L microcontroller products.
Serial interface 1ICA has the following three 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 (SCLAO) line and a
serial data bus (SDAAOQ) 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 SCLAO and SDAAO pins are used for open drain outputs, serial interface 1ICA requires pull-up resistors
for the serial clock line and the serial data bus line.

Wakeup mode

The STOP mode can be released by generating an interrupt request signal (INTIICAQ) when an extension code
from the master device or a local address has been received while in STOP mode. This can be set by using the
WUP bit of IICA control register 1 (IICACTL1).

Figure 14-1 shows a block diagram of serial interface IICA.
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78K0/Fx2-L
Figure 14-1. Block Diagram of Serial Interface [ICA
S Internal bus R
IICA status register 0 (IICASO)
WUP
|MSTSO‘ALDO‘EXCO‘COIO‘TRCO‘ACKDO‘STDO‘SPDO|
IICA control register 0 1
————| Sub-circuit (ICACTLO)
for standby
|IICEO ‘LRELO‘WRELO‘SPIEO‘WTIMO‘ACKEO‘ STTO ‘SPTO|
Filter
Slave address Clear Start
SDAAO/@—«—I}J—* regsterd (SVAY Set ngg:g?gr
P61 Match 2 T
Noise signal
eliminator
~ — Sto
i SO latch P
IICA shift condition
DFCO register (IICA) LICWL generator
Data hold
TRCO time correction
N-ch open- l circuit
drain output
Output control ACK
Output utput control{ generator Wakeup
latch controller
(P61) ACK detector  [* 1
‘ $—|  Start condition
detector
Filter
|  Stop condition
SCLAO/© b detector +
P60 Interrupt request
Noise |1 | Serial clock signal generator [~ INTICAO
eliminator counter I
£ 1icAso.msTso,
DFCO J Serial clock EXCO0, COI0
Serial clock wait controller  |«— |ICA shift register (IICA)
Neeh controller .~ Bus status
~ch open- detector
drain output IICACTLO.STTO, SPTO
Olgtgﬁt frrs Counter IICAS0.MSTS0, EXCO, COI0
(P60) Match signal

1ICA low-level width
setting register (IICWL)

IICA high-level width
setting register (IICWH)

0

0

| WUP ‘ CLDO ‘ DADO ‘ SMCO ‘DFCO| | STCF ‘IICBSY‘STCEN‘IICRSV|

IICA control register 1

(IICACTL1) (IICAFO)

Internal bus

IICA flag register O

RO1UHO068EJ0203 Rev.2.03
Jun 29, 2012

RENESAS

432



78KO0/Fx2-L CHAPTER 14 SERIAL INTERFACE IICA

Figure 14-2 shows a serial bus configuration example.

Figure 14-2. Serial Bus Configuration Example Using 1°C Bus

+ Voo + Vop

.

Serial data bus
Master CPU1 SDAAO SDAAO Master CPU2
Slave CPU1 . Slave CPU2
SCLAO Serial clock SCLAD
Address 0 Address 1
SDAAO Slave CPU3
Address 2
SCLAO
DAA
S 0 Slave IC
SCLAO Address 3
SDAAO Slave IC
SCLAO Address N
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14.2 Configuration of Serial Interface IICA
Serial interface IICA includes the following hardware.

Table 14-1. Configuration of Serial Interface IICA

Item Configuration

Registers IICA shift register (IICA)
Slave address register 0 (SVAQ)

Control registers IICA control register O (IICACTLO)

IICA status register 0 (IICASO)

IICA flag register O (IICAFO0)

IICA control register 1 (IICACTL1)

IICA low-level width setting register (IICWL)
IICA high-level width setting register (IICWH)
Port input mode register 6 (PIM6)

Port output mode register 6 (POM6)

Port mode register 6 (PM6)

Port register 6 (P6)

(1) lICA shift register (IICA)
This register is used to convert 8-bit serial data to 8-bit parallel data and vice versa in synchronization with the
serial clock. This register can be used for both transmission and reception.
The actual transmit and receive operations can be controlled by writing and reading operations to this register.
Cancel the wait state and start data transfer by writing data to this register during the wait period.
This register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears IICA to O0H.

Figure 14-3. Format of IICA Shift Register (IICA)

Address: FFA5H  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0

ca | | | | | | | | |

Cautions 1. Do not write data to the IICA register during data transfer.

2. Write or read the IICA register only during the wait period. Accessing the IICA register in a
communication state other than during the wait period is prohibited. When the device serves
as the master, however, the IICA register can be written only once after the communication
trigger bit (STTO) is set to 1.

3. When communication is reserved, write data to the IICA register after the interrupt triggered
by a stop condition is detected.
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(2) Slave address register 0 (SVAOQ)
This register stores seven bits of local addresses {A6, A5, A4, A3, A2, A1, A0} when in slave mode.
This register can be set by an 8-bit memory manipulation instruction.
However, rewriting to this register is prohibited while STDO = 1 (while the start condition is detected).
Reset signal generation clears SVAO to 00H.

Figure 14-4. Format of Slave Address Register 0 (SVAOQ)

Address: FFA6H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
svao | | | | | | | | o |

Note Bit O is fixed to O.

(3) SO latch
The SO latch is used to retain the SDAAO pin’s output level.

(4) Wakeup controller
This circuit generates an interrupt request (INTIICAO) when the address received by this register matches the
address value set to the slave address register 0 (SVAO) or when an extension code is received.

(5) Serial clock counter
This counter counts the serial clocks that are output or input during transmit/receive operations and is used to verify
that 8-bit data was transmitted or received.

(6) Interrupt request signal generator
This circuit controls the generation of interrupt request signals (INTIICAO).
An I°’C interrupt request is generated by the following two triggers.
« Falling edge of eighth or ninth clock of the serial clock (set by WTIMO bit)
« Interrupt request generated when a stop condition is detected (set by SPIEO bit)

Remark WTIMO bit: Bit 3 of IICA control register 0 (IICACTLO)
SPIEO bit: Bit 4 of IICA control register 0 (IICACTLO)

(7) Serial clock controller
In master mode, this circuit generates the clock output via the SCLAO pin from a sampling clock.

(8) Serial clock wait controller
This circuit controls the wait timing.

(9) ACK generator, stop condition detector, start condition detector, and ACK detector
These circuits generate and detect each status.

(10) Data hold time correction circuit
This circuit generates the hold time for data corresponding to the falling edge of the serial clock.
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(11) Start condition generator
This circuit generates a start condition when the STTO bit is set to 1.
However, in the communication reservation disabled status (IICRSV bit = 1), when the bus is not released (IICBSY
bit = 1), start condition requests are ignored and the STCF bit is set to 1.

(12) Stop condition generator
This circuit generates a stop condition when the SPTO bit is set to 1.

(13)Bus status detector
This circuit detects whether or not the bus is released by detecting start conditions and stop conditions.
However, as the bus status cannot be detected immediately following operation, the initial status is set by the
STCEN bit.

Remark STTO bit: Bit 1 of [ICA control register 0 (IICACTLO)
SPTO hit: Bit O of IICA control register 0 (IICACTLO)
IICRSV bit: Bit 0 of IICA flag register 0 (IICAFO)
IICBSY bit: Bit 6 of IICA flag register 0 (IICAFO0)
STCF bit: Bit 7 of IICA flag register 0 (IICAFOQ)
STCEN bit:  Bit 1 of IICA flag register 0 (IICAFQ)
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14.3 Registers Controlling Serial Interface IICA
Serial interface IICA is controlled by the following ten registers.

« |ICA control register 0 (ICACTLO)

« |ICA status register 0 (IICASO0)

« lICAflag register (IICAFO0)

« |ICA control register 1 (IICACTL1)

« |ICA low-level width setting register (IICWL)
« IICA high-level width setting register (IICWH)
e Port input mode register 6 (PIM6)

< Port output mode register 6 (POM6)

« Port mode register 6 (PM6)

« Port register 6 (P6)

(1) NIICA control register 0 (IICACTLO)
This register is used to enable/stop 1’c operations, set wait timing, and set other I’c operations.
IICACTLO register can be set by a 1-bit or 8-bit memory manipulation instruction. However, set the SPIEO, WTIMO,
and ACKEDOQ bits while IICEQ bit = 0 or during the wait period. These bits can be set at the same time when the
IICEQ bit is set from “0” to “1”.
Reset signal generation clears this register to 00H.
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Figure 14-5. Format of IICA Control Register 0 (ICACTLO) (1/4)

Address: FFA7H After reset: 0OH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IICACTLO IICEO LRELO WRELO SPIEO WTIMO ACKEQ STTO SPTO
IICEO I°C operation enable
0 Stop operation. Reset the IICA status register 0 (IICAS0)"°**. Stop internal operation.
1 Enable operation.

Be sure to set this bit (1) while the SCLAO and SDLAO lines are at high level.

Condition for clearing (IICEO = 0) Condition for setting (IICEO = 1)
o Cleared by instruction e Set by instruction
* Reset
LRELOQ""**?3 Exit from communications
0 Normal operation
1 This exits from the current communications and sets standby mode. This setting is automatically cleared

to 0 after being executed.

Its uses include cases in which a locally irrelevant extension code has been received.

The SCLAO and SDAAO lines are set to high impedance.

The following flags of IICA control register 0 (IICACTLO) and IICA status register 0 (IICASO) are cleared
to 0.

¢ STTO «SPTO ¢MSTSO «EXCO «COI0 «TRCO «ACKDO «STDO

The standby mode following exit from communications remains in effect until the following communications entry
conditions are met.

o After a stop condition is detected, restart is in master mode.

* An address match or extension code reception occurs after the start condition.

Condition for clearing (LRELO = 0) Condition for setting (LRELO = 1)
* Automatically cleared after execution e Set by instruction
* Reset
RELQM**? Wait cancellation
3
0 Do not cancel wait
1 Cancel wait. This setting is automatically cleared after wait is canceled.

When WRELDO is set (wait canceled) during the wait period at the ninth clock pulse in the transmission status (TRCO =
1), the SDAAO line goes into the high impedance state (TRCO = 0).

Condition for clearing (WRELO = 0) Condition for setting (WRELO = 1)
* Automatically cleared after execution e Set by instruction
® Reset

Notes 1. The IICASO register, the STCF and IICBSY bits of the IICAFO register, and the CLDO and DADO
bits of the IICACTL1 register are reset.
2. The signals of these bits are invalid while the IICEO bit is 0.
3. When the LRELO and WRELO bits are read, 0 is always read.

Caution If the operation of I°C is enabled (IICEO = 1) when the SCLAO line is high level, the SDAAO
line is low level, and the digital filter is turned on (DFCO of the ICACTL1 register = 1), a start
condition will be inadvertently detected immediately. In this case, set (1) the LRELO bit by
using a 1-bit memory manipulation instruction immediately after enabling operation of 1’Cc
(ICEO =1).
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Figure 14-5. Format of IICA Control Register 0 (ICACTLDO) (2/4)

spigghte! Enable/disable generation of interrupt request when stop condition is detected
0 Disable
1 Enable

=1.

If the WUPO of the IICA control register 1 (IICACTL1) is 1, no stop condition interrupt will be generated even if SPIEQ

Condition for clearing (SPIEO = 0)

Condition for setting (SPIEO = 1)

o Cleared by instruction

e Set by instruction

* Reset
wTImo™ete Control of wait and interrupt request generation
0 Interrupt request is generated at the eighth clock’s falling edge.
Master mode: After output of eight clocks, clock output is set to low level and wait is set.
Slave mode: After input of eight clocks, the clock is set to low level and wait is set for master device.
1 Interrupt request is generated at the ninth clock’s falling edge.
Master mode: After output of nine clocks, clock output is set to low level and wait is set.
Slave mode: After input of nine clocks, the clock is set to low level and wait is set for master device.

this bit.

An interrupt is generated at the falling edge of the ninth clock during address transfer independently of the setting of
The setting of this bit is valid when the address transfer is completed. When in master mode, a wait is
inserted at the falling edge of the ninth clock during address transfers. For a slave device that has received a local
address, a wait is inserted at the falling edge of the ninth clock after an acknowledge (/-FK) is issued. However,
when the slave device has received an extension code, a wait is inserted at the falling edge of the eighth clock.

Condition for clearing (WTIMO = 0)

Condition for setting (WTIMO = 1)

o Cleared by instruction

e Set by instruction

* Reset
ACKEO Acknowledgment control
Notes 1, 2
0 Disable acknowledgment.
1 Enable acknowledgment. During the ninth clock period, the SDAAO line is set to low level.

Condition for clearing (ACKEO = 0)

Condition for setting (ACKEO = 1)

o Cleared by instruction
* Reset

e Set by instruction

Notes 1.

The signal of this bit is invalid while [ICEO is 0. Set this bit during that period.

2. The set value is invalid during address transfer and if the code is not an extension code.

When the device serves as a slave and the addresses match, an acknowledgment is generated

regardless of the set value.
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Figure 14-5. Format of IICA Control Register 0 (ICACTLO) (3/4)

STTO*® Start condition trigger
0 Do not generate a start condition.
1 When bus is released (in standby state, when [ICBSY = 0):

If this bit is set (1), a start condition is generated (startup as the master).
When a third party is communicating:

e When communication reservation function is enabled (IICRSV = 0)
Functions as the start condition reservation flag. When set to 1, automatically generates a start
condition after the bus is released.

¢ When communication reservation function is disabled (IICRSV = 1)
Even if this bit is set (1), the STTO bit is cleared and the STTO clear flag (STCF) is set (1). No start
condition is generated.

In the wait state (when master device):
Generates a restart condition after releasing the wait.

Cautions concerning set timing

o For master reception: Cannot be set to 1 during transfer. Can be set to 1 only in the waiting period when
ACKEQO has been cleared to 0 and slave has been notified of final reception.

o For master transmission: A start condition cannot be generated normally during the acknowledge period. Setto 1
during the wait period that follows output of the ninth clock.

e Cannot be set to 1 at the same time as stop condition trigger (SPTO).

e Setting the STTO bit to 1 and then setting it again before it is cleared to 0 is prohibited.

Condition for clearing (STTO = 0) Condition for setting (STTO = 1)

e Cleared by setting STTO bit to 1 while communication | e Set by instruction
reservation is prohibited.

o Cleared by loss in arbitration

o Cleared after start condition is generated by master
device

e Cleared by LRELO = 1 (exit from communications)

¢ When IICEO = 0 (operation stop)

* Reset

Note The signal of this bit is invalid while IICEOQ is 0.

Remarks 1. Bit1 (STTO) becomes 0 when it is read after data setting.
2. lICRSV: Bit 0 of IICA flag register 0 (IICAFO0)
STCF: Bit 7 of IICA flag register 0 (IICAF0)
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Figure 14-5. Format of IICA Control Register 0 (ICACTLDO) (4/4)

SPTO Stop condition trigger
0 Stop condition is not generated.
1 Stop condition is generated (termination of master device’s transfer).

Cautions concerning set timing
o For master reception: Cannot be set to 1 during transfer.

o For master transmission: A stop condition cannot be generated normally during the acknowledge period.

e Cannot be set to 1 at the same time as start condition trigger (STTO).

e The SPTO bit can be set to 1 only when in master mode.

* When the WTIMO bit has been cleared to 0, if the SPTO bit is set to 1 during the wait period that follows output of
eight clocks, note that a stop condition will be generated during the high-level period of the ninth clock. The WTIMO
bit should be changed from 0 to 1 during the wait period following the output of eight clocks, and the SPTO bit should
be set to 1 during the wait period that follows the output of the ninth clock.

e Setting the SPTO bit to 1 and then setting it again before it is cleared to 0 is prohibited.

Can be set to 1 only in the waiting period when ACKEO has been cleared to 0 and slave
has been notified of final reception.

Therefore, set it during the wait period that follows output of the ninth clock.

Condition for clearing (SPTO = 0) Condition for setting (SPTO = 1)

o Cleared by loss in arbitration e Set by instruction
o Automatically cleared after stop condition is detected
e Cleared by LRELO =1 (exit from communications)

o When IICEO = O (operation stop)

* Reset

Caution When bit 3 (TRCO) of the IICA status register 0 (IICASO) is set to 1 (transmission status), bit 5

(WRELDO) of the IICACTLO register is set to 1 during the ninth clock and wait is canceled,
after which the TRCO bit is cleared (reception status) and the SDAAO line is set to high
impedance. Release the wait performed while the TRCO bit is 1 (transmission status) by
writing to the IICA shift register.

Remark Bit 0 (SPTO0) becomes 0 when it is read after data setting.

RO1UHO068EJ0203 Rev.2.03 RENESAS 441

Jun 29, 2012



78KO0/Fx2-L

CHAPTER 14 SERIAL INTERFACE IICA

(2) IICA status register 0 (IICASO)

This reg

ister indicates the status of I°C.

IICASO is read by a 1-bit or 8-bit memory manipulation instruction only when STTO = 1 and during the wait period.

Reset signal generation clears this register to 00H.

Caution

Remark

Address: FFAAH

Reading the IICASO register while the address match wakeup function is enabled (WUP = 1) in
STOP mode is prohibited. When the WUP bit is changed from 1 to 0 (wakeup operation is
stopped), regardless of the INTIICAOQ interrupt request, the change in status is not reflected until

the next start condition or stop condition is detected. To use the wakeup function, therefore,
enable (SPIEO = 1) the interrupt generated by detecting a stop condition and read the IICASO

register after the interrupt has been detected.

STTO:
WUP:

Bit 1 of IICA control register 0 (IICACTLO)
Bit 7 of [ICA control register 1 (IICACTL1)

Figure 14-6. Format of IICA Status Register 0 (IICASO) (1/3)

After reset: 00H R

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
icaso | msTso | ADo | Exco | colo | TrRco | Ackbo | stoo | sppo |
MSTSO Master status
0 Slave device status or communication standby status
1 Master device communication status

Condition for clearing (MSTSO = 0)

Condition for setting (MSTSO = 1)

* When a stop condition is detected

e When ALDO = 1 (arbitration loss)

e Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to O (operation stop)
* Reset

* When a start condition is generated

ALDO Detection of arbitration loss
0 This status means either that there was no arbitration or that the arbitration result was a “win”.
1 This status indicates the arbitration result was a “loss”. The MSTSO0 bit is cleared.

Condition for clearing (ALDO = 0)

Condition for setting (ALDO = 1)

. Auto,TaticaIIy cleared after the ICASO register is
ead '

e When the IICEO bit changes from 1 to O (operation
stop)

e Reset

e When the arbitration result is a “loss”.

Note This register is also cleared when a 1-bit memory manipulation instruction is executed for bits other
than the ALDO bit of the IICASO register. Therefore, when using the ALDO bit, read the data of this

bit before the data of the other bits.

Remark LRELO:
IICEO:

Bit 6 of IICA control register 0 (ICACTLO)
Bit 7 of IICA control register 0 (IICACTLO)
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Figure 14-6. Format of IICA Status Register 0 (IICASO) (2/3)

EXCO Detection of extension code reception
0 Extension code was not received.
1 Extension code was received.
Condition for clearing (EXCO = 0) Condition for setting (EXCO = 1)
* When a start condition is detected * When the higher four bits of the received address
* When a stop condition is detected data is either “0000” or “1111” (set at the rising edge
e Cleared by LRELO = 1 (exit from communications) of the eighth clock).
* When IICEO changes from 1 to O (operation stop)
e Reset
COI0 Detection of matching addresses
0 Addresses do not match.
1 Addresses match.
Condition for clearing (COIO = 0) Condition for setting (COIO0 = 1)
¢ When a start condition is detected * When the received address matches the local
e When a stop condition is detected address (slave address register 0 (SVAQ))
e Cleared by LRELO = 1 (exit from communications) (set at the rising edge of the eighth clock).
e When IICEO changes from 1 to O (operation stop)
* Reset
TRCO Detection of transmit/receive status
0 Receive status (other than transmit status). The SDAAO line is set for high impedance.
1 Transmit status. The value in the SOO latch is enabled for output to the SDAAO line (valid starting at
the falling edge of the first byte’s ninth clock).
Condition for clearing (TRCO = 0) Condition for setting (TRCO = 1)
<Both master and slave> <Master>
* When a stop condition is detected * When a start condition is generated
e Cleared by LRELO = 1 (exit from communications) e When 0 (master transmission) is output to the LSB
e When the IICEOQ bit changes from 1 to O (operation | (transfer direction specification bit) of the first byte
stop) (during address transfer)

« Cleared by WRELO = 1"°*® (wait cancel)

g L <Slave>
e When the ALDO bit changes from 0 to 1 (arbitration

e When 1 (slave transmission) is input to the LSB

R EZZ t (transfer direction specification bit) of the first byte

e When not used for communication (MSTSO0, EXCO, from the master (during address transfer)
COI0=0)

<Master>

e When “1” is output to the first byte’s LSB (transfer
direction specification bit)

<Slave>

e When a start condition is detected

e When “0” is input to the first byte’s LSB (transfer
direction specification bit)

Note When bit 3 (TRCO) of the IICA status register 0 (IICASO) is set to 1 (transmission status), bit 5

(WRELO) of the IICA control register 0 (IICACTLO) is set to 1 during the ninth clock and wait is

canceled, after which the TRCO bit is cleared (reception status) and the SDAAO line is set to high

impedance. Release the wait performed while TRCO bit is 1 (transmission status) by writing to the

IICA shift register.

Remark LRELO: Bit 6 of IICA control register O (IICACTLO)
IICEO:  Bit 7 of lICA control register 0 (IICACTLO)
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Figure 14-6. Format of IICA Status Register 0 (IICASO) (3/3)

ACKDO Detection of acknowledge (Aﬁ)
0 Acknowledge was not detected.
1 Acknowledge was detected.
Condition for clearing (ACKDO = 0) Condition for setting (ACKDO = 1)
* When a stop condition is detected o After the SDAAO line is set to low level at the rising
o At the rising edge of the next byte’s first clock edge of SCLAO's ninth clock

e Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to O (operation stop)

* Reset
STDO Detection of start condition
0 Start condition was not detected.
1 Start condition was detected. This indicates that the address transfer period is in effect.
Condition for clearing (STDO = 0) Condition for setting (STDO = 1)
* When a stop condition is detected e When a start condition is detected

o At the rising edge of the next byte’s first clock
following address transfer

o Cleared by LRELO = 1 (exit from communications)

* When IICEO changes from 1 to 0 (operation stop)

* Reset
SPDO Detection of stop condition
0 Stop condition was not detected.
1 Stop condition was detected. The master device’s communication is terminated and the bus is
released.
Condition for clearing (SPDO = 0) Condition for setting (SPDO = 1)

¢ At the rising edge of the address transfer byte’s first ¢ When a stop condition is detected
clock following setting of this bit and detection of a
start condition

o When IICEO changes from 1 to 0 (operation stop)

® Reset

Remark LRELO: Bit 6 of IICA control register 0 (ICACTLO)
IICEO: Bit 7 of IICA control register O (IICACTLO)

(3) IICA flag register 0 (IICAFO0)
This register sets the operation mode of I°C and indicates the status of the 1°C bus.
This register can be set by a 1-bit or 8-bit memory manipulation instruction. However, the STTO clear flag (STCF)
and I°C bus status flag (IICBSY) are read-only.
The IICRSV bit can be used to enable/disable the communication reservation function.
The STCEN bit can be used to set the initial value of the ICBSY bit.
The IICRSV and STCEN bits can be written only when the operation of I°C is disabled (bit 7 (IICEOQ) of the IICA
control register 0 (IICACTLO) = 0). When operation is enabled, the IICAFO register can be read.
Reset signal generation clears this register to 00H.
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Address: FFA9H

Figure 14-7. Format of IICA Flag Register 0 (IICAF0)

After reset: 00H R/whete

Symbol <7> <6> 5 4 3 2 <1> <0>
IICAFO | STCF ‘ IICBSY ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ STCEN ‘ IICRSV |
STCF STTO clear flag
0 Generate start condition
1 Start condition generation unsuccessful: clear STTO flag
Condition for clearing (STCF = 0) Condition for setting (STCF = 1)
e Cleared by STTO=1 e Generating start condition unsuccessful and STTO
e When IICEO = 0 (operation stop) bit cleared to 0 when communication reservation is
¢ Reset disabled (ICRSV = 1).
IICBSY I°C bus status flag
0 Bus release status (communication initial status when STCEN = 1)
1 Bus communication status (communication initial status when STCEN = 0)
Condition for clearing (IICBSY = 0) Condition for setting (IICBSY = 1)
¢ Detection of stop condition » Detection of start condition
e When IICEO = 0 (operation stop) e Setting of ICEO when STCEN =0
e Reset
STCEN Initial start enable trigger
0 After operation is enabled (IICEOQ = 1), enable generation of a start condition upon detection of
a stop condition.
1 After operation is enabled (IICEO = 1), enable generation of a start condition without detecting
a stop condition.
Condition for clearing (STCEN = 0) Condition for setting (STCEN = 1)
o Cleared by instruction e Set by instruction
* Detection of start condition
e Reset
IICRSV Communication reservation function disable bit
0 Enable communication reservation
1 Disable communication reservation
Condition for clearing (IICRSV = 0) Condition for setting (ICRSV = 1)
o Cleared by instruction e Set by instruction
e Reset

Note Bits 6 and 7 are read-only.

Cautions 1.
2.

Write to STCEN bit only when the operation is stopped (IICEO = 0).

As the bus release status (IICBSY = 0) is recognized regardless of the actual bus status
when STCEN = 1, when generating the first start condition (STTO = 1), it is necessary to
verify that no third party communications are in progress in order to prevent such
communications from being destroyed.

. Write to IICRSV bit only when the operation is stopped (IICEO = 0).

Remark STTO: Bit 1 of IICA control register 0 (ICACTLO)
IICEO: Bit 7 of IICA control register 0 (IICACTLO)
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(4) NICA control register 1 (ICACTL1)

This register is used to set the operation mode of I°C and detect the statuses of the SCLAO and SDAAO pins.
IICACTLL1 register can be set by a 1-bit or 8-bit memory manipulation instruction. However, the CLDO and DADO

bits are read-only.

Set the IICACTLL1 register, except the WUP bit, while operation of I°C is disabled (bit 7 (IICEO) of IICA control

register O (IICACTLDO) is 0).

Reset signal generation clears this register to 00H.

Figure 14-8. Format of IICA Control Register 1 (ICACTL1) (1/2)

Address: FFA8H After reset: 00H R/WNOte !
Symbol 7 6 <5> <4> <3> <2> 1 0
IICACTL1 WUP 0 CLDO DADO SMCO DFCO 0 0
WUP Control of address match wakeup
0 Stops operation of address match wakeup function in STOP mode.
1 Enables operation of address match wakeup function in STOP mode.

To shift to STOP mode when WUP = 1, execute the STOP instruction at least three clocks after setting (1) WUP
bit (see Figure 14-23 Flow When Setting WUP = 1).
Clear (0) the WUP bit after the address has matched or an extension code has been received. The subsequent
communication can be entered by clearing (0) the WUP bit (The wait must be released and transmit data must
be written after the WUP bit has been cleared (0).).
The interrupt timing when the address has matched or when an extension code has been received, while WUP
=1, is identical to the interrupt timing when WUP = 0. (A delay of the difference of sampling by the clock will
occur.) Furthermore, when WUP = 1, a stop condition interrupt is not generated even if the SPIEO bit is set to 1.

Condition for clearing (WUP = 0)

Condition for setting (WUP = 1)

extension code reception)

e Cleared by instruction (after address match or

¢ Set by instruction (when MSTSO0, EXCO, and COIO
are “0”, and STDO also “0” (communication not
entered))

Note 2

Notes 1.

Bits 4 and 5 are read-only.

2. The status of ICASO must be checked and WUP must be set during the period shown below.

<1>

SCLAO

<2>

Uy

SDAAO

/A6XA5XA4XA3XA2XA1XAOX

i)

Y

The maximum time from reading IICASO to setting
WUP is the period from <1> to <2>.

Check the IICASO operation status and set

WUP during this period.
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Figure 14-8. Format of IICA Control Register 1 (ICACTL1) (2/2)
CLDO Detection of SCLAO pin level (valid only when IICEO = 1)
0 The SCLAO pin was detected at low level.
1 The SCLAO pin was detected at high level.
Condition for clearing (CLDO = 0) Condition for setting (CLDO = 1)
e When the SCLAO pin is at low level ¢ When the SCLAO pin is at high level
e When IICEO = 0 (operation stop)
* Reset
DADO Detection of SDAAO pin level (valid only when IICEO = 1)
0 The SDAAOQ pin was detected at low level.
1 The SDAAO pin was detected at high level.
Condition for clearing (DADO = 0) Condition for setting (DADO = 1)
e When the SDAAO pin is at low level ¢ When the SDAAO pin is at high level
e When IICEO = 0 (operation stop)
* Reset
SMCO Operation mode switching
0 Operates in standard mode.
1 Operates in fast mode.
DFCO Digital filter operation control
0 Digital filter off.
1 Digital filter on.
Digital filter can be used only in fast mode.
In fast mode, the transfer clock does not vary, regardless of the DFCO bit being set (1) or cleared (0).
The digital filter is used for noise elimination in fast mode.
Remark [|ICEO: Bit 7 of IICA control register O (IICACTLO)
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(5) IICA low-level width setting register (IICWL)
This register is used to set the low-level width of the SCLAO pin signal that is output by serial interface IICA being in
master mode.
This register can be set by an 8-bit memory manipulation instruction.
Set this register while operation of I°C is disabled (bit 7 (IICEO) of the IICA control register 0 (IICACTLO) is 0).
Reset signal generation sets this register to FFH.

Figure 14-9. Format of IICA Low-Level Width Setting Register (IICWL)

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

IICWL

(6) IICA high-level width setting register (IICWH)
This register is used to set the high-level width of the SCLAO pin signal that is output by serial interface IICA being
in master mode.
This register can be set by an 8-bit memory manipulation instruction.
Set this register while operation of I°C is disabled (bit 7 (1ICEO) of the IICA control register O (ICACTLO) is 0).
Reset signal generation sets this register to FFH.

Figure 14-10. Format of IICA High-Level Width Setting Register (IICWH)

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

IICWH

Remark For how to set the transfer clock by using the IICWL and IICWH registers, see 15.4.2 Setting transfer
clock by using IICWL and IICWH registers.

(7) Port input mode register 6 (PIM6)
This register sets the input buffer of P60 and P61 in 1-bit units. When using an input compliant with the SMBus
specifications in I°C communication, set PIM60 and PIM61 to 1.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 14-11. Format of Port Input Mode Register 6 (PIM6)

Address: FF3EH Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PIM6 0 0 0 0 0 0 PIM61 PIM60
PIM6n P6n pin input buffer selection (n = 0, 1)
0 Normal input (Schmitt) buffer
1 SMBus input buffer
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(8) Port output mode register 6 (POM6)
This register sets the output mode of P60 and P61 in 1-bit units. During I°C communication, set POM60 and POM61
tol.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 14-12. Format of Port Output Mode Register 6 (POM®6)

Address: FF2AH  Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
POM6 0 0 0 0 0 0 POM61 POM60
POM6N P6n pin output mode selection (n =0, 1)
0 Normal output (CMOS output) mode
1 N-ch open drain output (Voo tolerance) mode

(9) Port mode register 6 (PM6)
This register sets the input/output of port 6 in 1-bit units.
When using the P60/SCLAO/TxD6 pin as clock I/O and the P61/SDAAO/RXD6 pin as serial data I/O, clear PM60
and PM61 to 0, and set the output latches of P60 and P61 to 1.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 14-13. Format of Port Mode Register 6 (PM6)

Address: FF26H  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM6 1 1 1 1 1 1 PM61 PM60
PM6nN P6n pin I/O mode selection (n =0, 1)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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14.4 1°C Bus Mode Functions

14.4.1 Pin configuration
The serial clock pin (SCLAO) and serial data bus pin (SDAAO) are configured as follows.

(1) SCLAO ....This pin is used for serial clock input and output.

This pin is an N-ch open-drain output for both master and slave devices. Inputis Schmitt input.
(2) SDAAO....This pin is used for serial data input and output.

This pin is an N-ch open-drain output for both master and slave devices. Input is Schmitt input.

Since outputs from the serial clock line and the serial data bus line are N-ch open-drain outputs, an external pull-up
resistor is required.

Figure 14-14. Pin Configuration Diagram

Slave device
Vob
Master device
SCLAO SCLAO
Clock output ——l |<— (Clock output)
Vob
(Clock mput) Clock input
SDAAO SDAAO
Data output ——l %7 JEI |<7 Data output
Data |nput Data input
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14.4.2 Setting transfer clock by using IICWL and IICWH registers

(1) Setting transfer clock on master side

fPRs
IICWL + IICWH + fers (tr + tF)

Transfer clock =

At this time, the optimal setting values of the ICWL and IICWH registers are as follows.
(The fractional parts of all setting values are rounded up.)

e When the fast mode

0.52
ICWL = 3nsfer clock < PRS
0.48
IICWH = (—Transfer clock tr — tF) X fPrRs

¢ When the normal mode

0.47
ICWL = ~Farter ook 7
0.53
IICWH = ( Transfer clock — tr — tF) X frrs

(2) Setting IICWL and IICWH on slave side
(The fractional parts of all setting values are truncated.)

e When the fast mode

IICWL = 1.3 us x frrs
IICWH = (1.2 us — tr — tF) x frrs

¢ When the normal mode

IICWL = 4.7 us x frrs
IICWH = (5.3 us — tr — tF) x fPrs

Caution Note the minimum fprs operation frequency when setting the transfer clock. The minimum fers
operation frequency for serial interface IICA is determined according to the mode.
Fast mode: frrs = 3.5 MHz (min.)
Normal mode:  fprs =1 MHz (min.)

Remarks 1. Calculate the rise time (tr) and fall time (tr) of the SDAO and SCLAO signals separately, because they
differ depending on the pull-up resistance and wire load.
2. lICWL: IICA low-level width setting register
IICWH: IICA high-level width setting register
tr. SDAAO and SCLAO signal falling times
(refer to CHAPTER 27 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS) and
CHAPTER 28 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS))
tr:  SDAAO and SCLAO signal rising times
(refer to CHAPTER 27 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS) and
CHAPTER 28 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS))
fers: Peripheral hardware clock frequency
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14.5 I1°C Bus Definitions and Control Methods

The following section describes the I°C bus's serial data communication format and the signals used by the I°C bus.

Figure 14-15 shows the transfer timing for the “start condition”, “address”, “data”, and “stop condition” output via the I’c
bus’s serial data bus.

Figure 14-15. I°C Bus Serial Data Transfer Timing

Start Address R/W ACK Data ACK Data ACK Stop
condition condition

The master device generates the start condition, slave address, and stop condition.
The acknowledge (ACK) can be generated by either the master or slave device (normally, it is output by the device that
receives 8-bit data).

The serial clock (SCLAO) is continuously output by the master device. However, in the slave device, the SCLAOQ'’s low
level period can be extended and a wait can be inserted.

14.5.1 Start conditions

A start condition is met when the SCLAO pin is at high level and the SDAAO pin changes from high level to low level.
The start conditions for the SCLAO pin and SDAAQ pin are signals that the master device generates to the slave device
when starting a serial transfer. When the device is used as a slave, start conditions can be detected.

Figure 14-16. Start Conditions

SCLAO

SDAAO

A start condition is output when bit 1 (STTO) of IICA control register 0 (IICACTLO) is set (1) after a stop condition has
been detected (SPDO: Bit 0 of the IICA status register 0 (IICAS0) = 1). When a start condition is detected, bit 1 (STDO) of
the IICASO register is set (1).
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14.5.2 Addresses

The address is defined by the 7 bits of data that follow the start condition.

An address is a 7-bit data segment that is output in order to select one of the slave devices that are connected to the
master device via the bus lines. Therefore, each slave device connected via the bus lines must have a unique address.

The slave devices include hardware that detects the start condition and checks whether or not the 7-bit address data
matches the data values stored in the slave address register 0 (SVAQ). If the address data matches the SVAO register
values, the slave device is selected and communicates with the master device until the master device generates a start
condition or stop condition.

Figure 14-17. Address

SCLAO 1 2 3 4 5 6 7 8 9
SDAAO \ /A6XA5XA4XA3XAZXAIXAOXR/WX
Address

Note
INTIICAO

Note INTIICAQ is not issued if data other than a local address or extension code is received during slave device

operation.

Addresses are output when a total of 8 bits consisting of the slave address and the transfer direction described in
14.5.3 Transfer direction specification are written to the [ICA shift register (IICA). The received addresses are written
to IICA register .

The slave address is assigned to the higher 7 bits of IICA register .

14.5.3 Transfer direction specification

In addition to the 7-bit address data, the master device sends 1 bit that specifies the transfer direction.

When this transfer direction specification bit has a value of “0”, it indicates that the master device is transmitting data to
a slave device. When the transfer direction specification bit has a value of “1”, it indicates that the master device is

receiving data from a slave device.

Figure 14-18. Transfer Direction Specification
SCLAO 1 2 3 4 5 6 7 8 9

SDAAO_\ /A6XA5XA4XA3XA2XA1XAOXEVI\1V/X

Transfer direction specification

Note
INTIICAO | |

Note INTIICAQ is not issued if data other than a local address or extension code is received during slave device

operation.
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14.5.4 Acknowledge (ACK)

ACK is used to check the status of serial data at the transmission and reception sides.

The reception side returns ACK each time it has received 8-bit data.

The transmission side usually receives ACK after transmitting 8-bit data. When ACK is returned from the reception side,
it is assumed that reception has been correctly performed and processing is continued. Whether ACK has been detected
can be checked by using bit 2 (ACKDO) of the IICA status register 0 (IICASO0).

When the master receives the last data item, it does not return ACK and instead generates a stop condition. If a slave
does not return ACK after receiving data, the master outputs a stop condition or restart condition and stops transmission.
If ACK is not returned, the possible causes are as follows.

<1> Reception was not performed normally.
<2> The final data item was received.
<3> The reception side specified by the address does not exist.

To generate ACK, the reception side makes the SDAAQ line low at the ninth clock (indicating normal reception).

Automatic generation of ACK is enabled by setting bit 2 (ACKEO) of IICA control register 0 (ICACTLO) to 1. Bit 3
(TRCO) of the IICASO register is set by the data of the eighth bit that follows 7-bit address information. Usually, set
ACKEDQO bit to 1 for reception (TRCO = 0).

If a slave can receive no more data during reception (TRCO = 0) or does not require the next data item, then the slave
must inform the master, by clearing ACKEQO bit to 0, that it will not receive any more data.

When the master does not require the next data item during reception (TRCO = 0), it must clear ACKEO bit to 0 so that
ACK is not generated. In this way, the master informs a slave at the transmission side that it does not require any more
data (transmission will be stopped).

Figure 14-19. ACK

SCLAO 1 2 3 4 5 6 7 8 9

SDAAO_\ /A6 X A5XA4XA3 X A2XA1XAOXR/W\AC7F

When the local address is received, ACK is automatically generated, regardless of the value of ACKEO bit . When an
address other than that of the local address is received, ACK is not generated (NACK).

When an extension code is received, ACK is generated if ACKEO bit is set to 1 in advance.

How ACK is generated when data is received differs as follows depending on the setting of the wait timing.

¢ When 8-clock wait state is selected (bit 3 (WTIMO) of ICACTLO register = 0):
By setting ACKEQO bit to 1 before releasing the wait state, ACK is generated at the falling edge of the eighth clock of
the SCLAO pin.

e When 9-clock wait state is selected (bit 3 (WTIMO) of ICACTLO register = 1):
ACK is generated by setting ACKEO bit to 1 in advance.
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14.5.5 Stop condition

When the SCLAO pin is at high level, changing the SDAAO pin from low level to high level generates a stop condition.

A stop condition is a signal that the master device generates to the slave device when serial transfer has been
completed. When the device is used as a slave, stop conditions can be detected.

Figure 14-20. Stop Condition

_________

SCLAO

SDAAO

A stop condition is generated when bit 0 (SPTO) of IICA control register 0 (IICACTLO) is set to 1. When the stop
condition is detected, bit 0 (SPDO0) of the IICA status register 0 (IICASO) is set to 1 and INTIICAQ is generated when bit 4
(SPIEO) of ICACTLO register is set to 1.
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14.5.6 Wait

The wait is used to notify the communication partner that a device (master or slave) is preparing to transmit or receive
data (i.e., is in a wait state).

Setting the SCLAO pin to low level notifies the communication partner of the wait state. When wait state has been
canceled for both the master and slave devices, the next data transfer can begin.

Figure 14-21. Wait (1/2)

(1) When master device has a nine-clock wait and slave device has an eight-clock wait
(master transmits, slave receives, and ACKEO = 1)

Master
Master returns to high )
impedance but slave Wait after output
is in wait state (low level). of ninth clock
CA V\( | lICA data write (cancel wait)
! ' |
SCLAO 6 7 8 9 1 2 3
Slave
Wait after output
of eighth clock
| | FFH is written to ICA or WRELO is set to 1
IICA i i
SCLAO
Ackeo H

Transfer lines

Wait from slave Wait from master

e |FLFLRL /. L/ LRLR
SDAAO XDZXDlXDOX ACK / ><D7><D6><D5
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Figure 14-21. Wait (2/2)

(2) When master and slave devices both have a nine-clock wait
(master transmits, slave receives, and ACKEO = 1)

Master Master and slave both wait
after output of ninth clock

IICA data write (cancel wait)

IICA i ‘
SCLAO 6 7 8 9 1 2 3
Slave : |
' , | FFH is written to IICA or WRELQ is set to 1
lICA ¢ : ‘
SCLAO :
Ackeo H 5
Wait from :
master and
Transfer lines slave Wait from slave
SCLAO 6 7 8 9 l ; j 1 2 3

SDAAO X D2 X D1 X DO XACT/ X D7 X D6 X D5 X
|

Generate according to previously set ACKEQ value

Remark ACKEQ: Bit 2 of IICA control register 0 (IICACTLO)
WRELO: Bit 5 of IICA control register O (ICACTLO)

A wait may be automatically generated depending on the setting of bit 3 (WTIMO) of IICA control register O (IICACTLO).

Normally, the receiving side cancels the wait state when bit 5 (WRELO) of the IICACTLO register is set to 1 or when
FFH is written to the IICA shift register (IICA), and the transmitting side cancels the wait state when data is written to the
IICA register.

The master device can also cancel the wait state via either of the following methods.

« By setting bit 1 (STTO) of ICACTLO register to 1

« By setting bit 0 (SPTO) of ICACTLO register to 1
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14.5.7 Canceling wait
The I°C usually cancels a wait state by the following processing.

¢ \Writing data to [ICA shift register (IICA)

e Setting bit 5 (WRELO) of IICA control register 0 (IICACTLO) (canceling wait)
Setting bit 1 (STTO) of IICACTLO register (generating start condition)°'®

e Setting bit 0 (SPTO) of ICACTLO register (generating stop condition)NOte

Note Master only

When the above wait canceling processing is executed, the I°C cancels the wait state and communication is resumed.

To cancel a wait state and transmit data (including addresses), write the data to IICA register.

To receive data after canceling a wait state, or to complete data transmission, set bit 5 (WRELO) of [ICA control register
0 (ICACTLO) to 1.

To generate a restart condition after canceling a wait state, set bit 1 (STTO) of ICACTLO register to 1.

To generate a stop condition after canceling a wait state, set bit 0 (SPTO) of ICACTLO register to 1.

Execute the canceling processing only once for one wait state.

If, for example, data is written to IICA after canceling a wait state by setting WRELO bit to 1, an incorrect value may be
output to SDAAO because the timing for changing the SDAAQ line conflicts with the timing for writing IICA register.

In addition to the above, communication is stopped if IICEO bit is cleared to 0 when communication has been aborted,
so that the wait state can be canceled.

If the 1°C bus has deadlocked due to noise, processing is saved from communication by setting bit 6 (LRELO) of
IICACTLO register, so that the wait state can be canceled.

Caution If a processing to cancel a wait state executed when WUP (bit 7 of [ICA control register 1 (ICACTL1))
=1, the wait state will not be canceled.
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14.5.8 Interrupt request (INTIICAOQ) generation timing and wait control
The setting of bit 3 (WTIMO) of IICA control register 0 (IICACTLO) determines the timing by which INTICAO is
generated and the corresponding wait control, as shown in Table 14-2.

Table 14-2. INTIICAO Generation Timing and Wait Control

WTIMO During Slave Device Operation During Master Device Operation
Address Data Reception |Data Transmission Address Data Reception |Data Transmission
0 9Nutes 1,2 8Note 2 8Note 2 9 8 8
1 9Noles 1,2 9Note 2 9Note 2 9 9 9

Notes 1. The slave device’s INTIICAO signal and wait period occurs at the falling edge of the ninth clock only when
there is a match with the address set to the slave address register 0 (SVAO).
At this point, ACK is generated regardless of the value set to ICACTLO register’s bit 2 (ACKEOQ). For a slave
device that has received an extension code, INTIICAO occurs at the falling edge of the eighth clock.
However, if the address does not match after restart, INTIICAO is generated at the falling edge of the 9th
clock, but wait does not occur.

2. If the received address does not match the contents of the slave address register 0 (SVAO) and extension

code is not received, neither INTIICAO nor a wait occurs.

Remark The numbers in the table indicate the number of the serial clock’s clock signals. Interrupt requests and wait
control are both synchronized with the falling edge of these clock signals.

(1) During address transmission/reception

¢ Slave device operation: Interrupt and wait timing are determined depending on the conditions described in
Notes 1 and 2 above, regardless of the WTIMO bit.

« Master device operation: Interrupt and wait timing occur at the falling edge of the ninth clock regardless of the
WTIMO bit.

(2) During data reception

* Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.
(3) During data transmission

« Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.

(4) Wait cancellation method
The four wait cancellation methods are as follows.

Writing data to [ICA shift register (IICA)
Setting bit 5 (WRELO) of 1ICA control register O (IICACTLO) (canceling wait)
Setting bit 1 (STTO) of ICACTLO register (generating start condition)NOle

Setting bit 0 (SPTO) of ICACTLO register (generating stop condition)

Note

Note Master only.

When an 8-clock wait has been selected (WTIMO = 0), the presence/absence of ACK generation must be
determined prior to wait cancellation.

(5) Stop condition detection
INTIICAQ is generated when a stop condition is detected (only when SPIEO = 1).
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14.5.9 Address match detection method

In 1’C bus mode, the master device can select a particular slave device by transmitting the corresponding slave
address.

Address match can be detected automatically by hardware. An interrupt request (INTIICAO) occurs when a local
address has been set to the slave address register 0 (SVAO) and when the address set to SVAO matches the slave
address sent by the master device, or when an extension code has been received.

14.5.10 Error detection

In I’C bus mode, the status of the serial data bus (SDAAO) during data transmission is captured by the IICA shift
register (IICA) of the transmitting device, so the IICA data prior to transmission can be compared with the transmitted [ICA
data to enable detection of transmission errors. A transmission error is judged as having occurred when the compared
data values do not match.

14.5.11 Extension code

(1) When the higher 4 bits of the receive address are either “0000” or “1111”, the extension code reception flag (EXCO)
is set to 1 for extension code reception and an interrupt request (INTIICAO) is issued at the falling edge of the
eighth clock. The local address stored in the slave address register 0 (SVAO) is not affected.

(2) If “11110xx0" is set to the SVAO register by a 10-bit address transfer and “11110xx0” is transferred from the master
device, the results are as follows. Note that INTIICAO occurs at the falling edge of the eighth clock.

« Higher four bits of data match: EXC0 =1
* Seven bits of data match: colo=1

Remark EXCO: Bit 5 of [ICA status register 0 (IICASO0)
COIO0: Bit 4 of IICA status register 0 (IICASO0)

(3) Since the processing after the interrupt request occurs differs according to the data that follows the extension code,
such processing is performed by software.
If the extension code is received while a slave device is operating, then the slave device is participating in
communication even if its address does not match.
For example, after the extension code is received, if you do not wish to operate the target device as a slave device,
set bit 6 (LRELO) of the IICA control register 0 (IICACTLO) to 1 to set the standby mode for the next communication

operation.
Table 14-3. Bit Definitions of Main Extension Code
Slave Address R/W Bit Description
0000 000 0 General call address
1111 0xx 0 10-bit slave address specification (for address authentication)
1111 0xx 1 10-bit slave address specification (for read command issuance

after address match)

Remark For extension codes other than the above, refer to THE I°C-BUS SPECIFICATION published by NXP.
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14.5.12 Arbitration

When several master devices simultaneously generate a start condition (when STTO is set to 1 before STDO is set to 1),
communication among the master devices is performed as the number of clocks are adjusted until the data differs. This
kind of operation is called arbitration.

When one of the master devices loses in arbitration, an arbitration loss flag (ALDO) in the IICA status register 0
(IICASOQ) is set (1) via the timing by which the arbitration loss occurred, and the SCLAO and SDAAO lines are both set to
high impedance, which releases the bus.

The arbitration loss is detected based on the timing of the next interrupt request (the eighth or ninth clock, when a stop
condition is detected, etc.) and the ALDO = 1 setting that has been made by software.

For details of interrupt request timing, refer to 14.5.8 Interrupt request (INTIICAO) generation timing and wait

control.

Remark STDO: Bit 1 of [ICA status register 0 (IICASO0)
STTO: Bit 1 of IICA control register 0 (IICACTLO)

Figure 14-22. Arbitration Timing Example

Master 1

Transfer lines

=\ N
o T\

sb,.AO (/S ] N====-
Master 2 Master 1 loses arbitration

SCLAO \/ / \ / \

o™\ O\ [\ |
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Table 14-4. Status During Arbitration and Interrupt Request Generation Timing

Status During Arbitration

Interrupt Request Generation Timing

During address transmission

Read/write data after address transmission

During extension code transmission

Read/write data after extension code transmission

During data transmission

During ACK transfer period after data transmission

When restart condition is detected during data transfer

Note

At falling edge of eighth or ninth clock following byte transfer
1

When stop condition is detected during data transfer

Note 2

When stop condition is generated (when SPIEO = 1)

When data is at low level while attempting to generate a restart
condition

Note

At falling edge of eighth or ninth clock following byte transfer
1

When stop condition is detected while attempting to generate a
restart condition

When stop condition is generated (when SPIEO = 1)"°*¢2

When data is at low level while attempting to generate a stop
condition

When SCLAO is at low level while attempting to generate a
restart condition

At falling edge of eighth or ninth clock following byte transfer**®
1

Notes 1.

When the WTIMO bit (bit 3 of the IICA control register 0 (IICACTLO0)) = 1, an interrupt request occurs at the

falling edge of the ninth clock. When WTIMO = 0 and the extension code’s slave address is received, an

interrupt request occurs at the falling edge of the eighth clock.
2. When there is a chance that arbitration will occur, set SPIEO = 1 for master device operation.

Remark

SPIEQ: Bit 4 of IICA control register O (IICACTLO)
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14.5.13 Wakeup function

The I°C bus slave function is a function that generates an interrupt request signal (INTIICAO) when a local address and
extension code have been received.

This function makes processing more efficient by preventing unnecessary INTIICAO signal from occurring when
addresses do not match.

When a start condition is detected, wakeup standby mode is set. This wakeup standby mode is in effect while
addresses are transmitted due to the possibility that an arbitration loss may change the master device (which has
generated a start condition) to a slave device.

However, when a stop condition is detected, bit 4 (SPIEO) of IICA control register 0 (IICACTLO) is set regardless of the
wakeup function, and this determines whether interrupt requests are enabled or disabled.

To use the wakeup function in the STOP mode, set WUP to 1. Addresses can be received regardless of the operation
clock. An interrupt request signal (INTIICAQ) is also generated when a local address and extension code have been
received. Operation returns to normal operation by using an instruction to clear (0) the WUP bit after this interrupt has
been generated.

Figure 14-23 shows the flow for setting WUP = 1 and Figure 14-24 shows the flow for setting WUP = 0 upon an
address match.

Figure 14-23. Flow When Setting WUP =1

C STaRT )

No

MSTSO0 = STDO = EXCO = COI0 =0?

WUP =1

Wait Waits for 3 clocks.

STOP instruction execution
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Figure 14-24. Flow When Setting WUP = 0 upon Address Match (Including Extension Code Reception)

STOP mode state

WUP =0

Wait Waits for 5 clocks.

Reading IICASO

Executes processing corresponding to the operation to be executed
after checking the operation state of serial interface IICA.

Note Perform the processing after “INTIICAQ = 1?” also when an INTIICAQ vector interrupt occurs.
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Use the following flows to perform the processing to release the STOP mode other than by an interrupt request

(INTIICAO) generated from serial interface [ICA.

Figure 14-25. When Operating as Master Device after Releasing STOP Mode other than by INTICAO

C START

)

SPIEO =1

WUP =1

Wait

STOP instruction

Releasing STOP mode

Note

INTHCAO = 1?

No

Interrupt servicing

Waits for 3 clocks.

STOP mode state

Releases STOP mode by an interrupt other than INTIICAO.

Yes

WUP =0

Wait

Reading IICASO

Waits for 5 clocks.

Executes processing corresponding to the operation to be executed
after checking the operation state of serial interface IICA.

Note INTICAO also becomes 1 when a STOP condition is issued.
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14.5.14 Communication reservation

(1) When communication reservation function is enabled (bit 0 (IICRSV) of IICA flag register 0 (IICAFQ) = 0)
To start master device communications when not currently using a bus, a communication reservation can be made
to enable transmission of a start condition when the bus is released. There are two modes under which the bus is
not used.

« When arbitration results in neither master nor slave operation
« When an extension code is received and slave operation is disabled (ACK is not returned and the bus was
released by setting bit 6 (LRELO) of IICA control register O (IICACTLO) to 1 and saving communication).

If bit 1 (STTO) of the IICACTLO register is set to 1 while the bus is not used (after a stop condition is detected), a
start condition is automatically generated and wait state is set.

If an address is written to the [ICA shift register (IICA) after bit 4 (SPIEQ) of the ICACTLO register was set to 1, and
it was detected by generation of an interrupt request signal (INTIICAO) that the bus was released (detection of the
stop condition), then the device automatically starts communication as the master. Data written to the IICA register
before the stop condition is detected is invalid.

When the STTO bit has been set to 1, the operation mode (as start condition or as communication reservation) is
determined according to the bus status.

e If the bus has been released .........ccccccceeeiiiciiiiineeenins a start condition is generated
« If the bus has not been released (standby mode)......... communication reservation

Check whether the communication reservation operates or not by using the MSTSO0 bit (bit 7 of the IICA status
register 0 (IICASOQ)) after the STTO bit is set to 1 and the wait time elapses.
Use software to secure the wait time calculated by the following expression.

Wait time from setting STTO = 1 to checking the MSTSO flag:
(ICWL setting value + [ICWH setting value + 4) + tr x 2 x frrs (clocks)

Remark 1ICWL: IICA low-level width setting register
IICWH: 1ICA high-level width setting register
tr: SDAAO and SCLAO signal falling times
(refer to CHAPTER 27 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS) and
CHAPTER 28 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS))
frrs: Peripheral hardware clock frequency
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Figure 14-26 shows the communication reservation timing.

Figure 14-26. Communication Reservation Timing

Program processing [STT0=1 Yl\gf\e to
4
Commun- SetsPDO| | o .
Hardware processing |cation and S'T'DO
reservation INTIICAO
SCLAD 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6

oo N Y 1 BESEN

Generate by master device with bus mastership

Remark [ICA: IICA shift register
STTO: Bit 1 of IICA control register 0 (IICACTLO)
STDO: Bit 1 of IICA status register 0 (IICASO)
SPDO0: Bit O of IICA status register 0 (IICASO)

Communication reservations are accepted via the timing shown in Figure 14-27. After bit 1 (STDO) of the IICA
status register 0 (IICASO) is set to 1, a communication reservation can be made by setting bit 1 (STTO) of lICA
control register 0 (IICACTLO) to 1 before a stop condition is detected.

Figure 14-27. Timing for Accepting Communication Reservations

SCLAO

SDAAO

STDO

SPDO

[ (
1))
((
)]
Standby mode (Communication can be reserved by setting STTO to 1 during this period.)

Figure 14-28 shows the communication reservation protocol.
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(Communication reservation)Note 2

Figure 14-28. Communication Reservation Protocol

DI

SET1 STTO Sets STTO flag (communication reservation)

Define communication
reservation

Wait

Defines that communication reservation is in effect
(defines and sets user flag to any part of RAM)

Secures wait timeN°*¢ ! by software.

Yes Confirmation of communication reservation

No

(Generate start condition)

Cancel communication Clear user flag
reservation
MOV IICA, #>xH IICA write operation
\
|
El

Notes 1. The wait time is calculated as follows.
(HCWL setting value + IICWH setting value + 4) + tF x 2 X frrs (clocks)

2. The communication reservation operation executes a write to the IICA shift register (IICA) when a stop
condition interrupt request occurs.
Remark STTO: Bit 1 of IICA control register 0 (IICACTLO)
MSTSO: Bit 7 of IICA status register 0 (IICASO)
IICA: IICA shift register
IICWL: IICA low-level width setting register
IICWH: 1ICA high-level width setting register
tr: SDAAO and SCLAO signal falling times
(refer to CHAPTER 27 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS) and
CHAPTER 28 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS))
frrs: Peripheral hardware clock frequency
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(2) When communication reservation function is disabled (bit 0 (IICRSV) of IICA flag register 0 (IICAFQ) = 1)
When bit 1 (STTO) of the IICA control register 0 (IICACTLO) is set to 1 when the bus is not used in a communication
during bus communication, this request is rejected and a start condition is not generated. The following two
statuses are included in the status where bus is not used.

¢ When arbitration results in neither master nor slave operation
e When an extension code is received and slave operation is disabled (ACK is not returned and the bus was
released by setting bit 6 (LRELO) of the ICACTLO register to 1 and saving communication)

To confirm whether the start condition was generated or request was rejected, check the STCF flag (bit 7 of IICFO
register). It takes up to 5 clocks until the STCF flag is set to 1 after setting STTO = 1. Therefore, secure the time
by software.
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14.5.15 Cautions

@)

)

(©)

4)

®)

When STCEN (bit 1 of IICA flag register 0 (IICAF0)) =0

Immediately after I°Cc operation is enabled (IICEO = 1), the bus communication status (the IICBSY flag (bit 6 of the
IICAFO register) = 1) is recognized regardless of the actual bus status. When changing from a mode in which no
stop condition has been detected to a master device communication mode, first generate a stop condition to
release the bus, then perform master device communication.

When using multiple masters, it is not possible to perform master device communication when the bus has not
been released (when a stop condition has not been detected).

Use the following sequence for generating a stop condition.

<1> Set IICA control register 1 (IICACTL1).
<2> Set bit 7 (IICEO) of IICA control register 0 (ICACTLO) to 1.
<3> Set bit 0 (SPTO) of ICACTLO to 1.

When STCEN =1
Immediately after 1°c operation is enabled (IICEQ0 = 1), the bus released status (IICBSY = 0) is recognized
regardless of the actual bus status. To generate the first start condition (STTO (bit 1 of the [ICA control register 0
(ICACTLOQ)) = 1), it is necessary to confirm that the bus has been released, so as to not disturb other
communications.

If other I°C communications are already in progress

If 1°C operation is enabled and the device participates in communication already in progress when the SDAAO pin
is low and the SCLAO pin is high, the macro of 1’c recognizes that the SDAAO pin has gone low (detects a start
condition). If the value on the bus at this time can be recognized as an extension code, ACK is returned, but this
interferes with other 1°C communications. To avoid this, start I°C in the following sequence.

<1> Clear bit 4 (SPIEO) of the IICACTLO register to 0 to disable generation of an interrupt request signal
(INTIICAOQ) when the stop condition is detected.

<2> Set hit 7 (IICEOQ) of the IICACTLO register to 1 to enable the operation of I’C.

<3> Wait for detection of the start condition.

<4> Set bit 6 (LRELO) of the IICACTLO register to 1 before ACK is returned (4 to 80 clocks after setting the IICEOQ
bit to 1), to forcibly disable detection.

Setting the STTO and SPTO bits (bits 1 and 0 of the IICACTLO register) again after they are set and before they are
cleared to 0 is prohibited.

When transmission is reserved, set SPIEO (bit 4 of the IICACTLO register) to 1 so that an interrupt request is
generated when the stop condition is detected. Transfer is started when communication data is written to the IICA
shift register (IICA) after the interrupt request is generated. Unless the interrupt is generated when the stop
condition is detected, the device stops in the wait state because the interrupt request is not generated when
communication is started. However, it is not necessary to set the SPIEO bit to 1 when the MSTSO0 bit (bit 7 of the
IICA status register (IICASQ)) is detected by software.
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14.5.16 Communication operations

The following shows three operation procedures with the flowchart.

@)

@

©)

Master operation in single master system

The flowchart when using the 78K0/Fx2-L microcontrollers as the master in a single master system is shown below.
This flowchart is broadly divided into the initial settings and communication processing. Execute the initial settings
at startup. If communication with the slave is required, prepare the communication and then execute
communication processing.

Master operation in multimaster system

In the I°C bus multimaster system, whether the bus is released or used cannot be judged by the I°C bus
specifications when the bus takes part in a communication. Here, when data and clock are at a high level for a
certain period (1 frame), the 78K0/Fx2-L microcontrollers take part in a communication with bus released state.
This flowchart is broadly divided into the initial settings, communication waiting, and communication processing.
The processing when the 78K0/Fx2-L microcontrollers lose in arbitration and is specified as the slave is omitted
here, and only the processing as the master is shown. Execute the initial settings at startup to take part in a
communication. Then, wait for the communication request as the master or wait for the specification as the slave.
The actual communication is performed in the communication processing, and it supports the
transmission/reception with the slave and the arbitration with other masters.

Slave operation

An example of when the 78K0/Fx2-L microcontrollers are used as the 1°C bus slave is shown below.

When used as the slave, operation is started by an interrupt. Execute the initial settings at startup, then wait for the
INTIICAO interrupt occurrence (communication waiting). When an INTIICAO interrupt occurs, the communication
status is judged and its result is passed as a flag over to the main processing.

By checking the flags, necessary communication processing is performed.
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(1) Master operation in single-master system

Figure 14-29. Master Operation in Single-Master System

IICAFO « OXH
Setting STCEN, IICRSV =0

IICACTLO « 0XX111XXB
ACKEO = WTIMO = SPIEO = 1

Initial setting

IICACTLO « 1XX111XXB
IICEO =1

Setting port

Setting of the port used alternatively as the pin to be used.
First, set the port to input mode and the output latch to 0 (see 14.3 (9) Port mode register 6 (PM6)).

Sets a transfer clock.
Sets a local address.

Sets a start condition.

Set the port from input mode to output mode and enable the output of the I°C bus
(see 14.3 (9) Port mode register 6 (PM6)).

INTIICAO
interrupt occurs?

Prepares for starting communication
(generates a stop condition).

Waits for detection of the stop condition.

Prepares for starting communication
(generates a start condition).

Starts communication
(specifies an address and transfer
direction).

Communication processing

ACKEO =1
WTIMO =0

Starts reception.

i 2 .
interrupt occurs? Waits for data
reception.

Yes

Reading IICA

Waits for detection
of acknowledge.

Note Release (SCLAO and SDAAO pins = high level) the I°C bus in conformance with the specifications of the product
that is communicating. If EEPROM is outputting a low level to the SDAAO pin, for example, set the SCLAO pin in
the output port mode, and output a clock pulse from the output port until the SDAAO pin is constantly at high

level.

Remark Conform to the specifications of the product that is communicating, with respect to the transmission and

reception formats.
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(2) Master operation in multi-master system

Initial setting

Waits for a communication

Figure 14-30. Master Operation in Multi-Master System (1/3)

)

START
\
Setting port
\
IICWL, IICWH « XXH

\
SVAO < XXH

IICAFO « OXH
Setting STCEN and IICRSV
[

IICACTLO « 0XX111XXB
ACKEO = WTIMO = SPIEO =1
I
IICACTLO « 1XX111XXB
IICEO =1

Setting port

Setting of the port used alternatively as the pin to be used.
First, set the port to input mode and the output latch to O (see 14.3 (9) Port mode register 6 (PM6)).

Selects a transfer clock.

Sets a local address.

Sets a start condition.

Set the port from input mode to output mode and enable the output of the I°C bus
(see 14.3 (9) Port mode register 6 (PM6)).

Releases the bus for a specific period.

Checking bus status™°t®

Bus status is
being checked.

INTICAO
interrupt occurs?

No

STCEN=1? No ‘
Prepares for starting
Yes SPTO=1 communication
(generates a stop condition).

INTICAO
interrupt occurs?

Waits for detection
of the stop condition.

Slave operation

)

Slave operation

)

* Waiting to be specified as a slave by other master
e Waiting for a communication start request (depends on user program)

No

Master operation
starts?

Yes
(Communication start request)

SPIEO=1

No

Enables reserving Disables reserving
communication. communication.

(No communication start request) \

SPIEO=0

INTIICAO
interrupt occurs?

Waits for a communication request.

)

Slave operation

Note Confirm that the bus is released (CLDO bit = 1, DADO bit = 1) for a specific period (for example, for a period of
one frame). If the SDAAO pin is constantly at low level, decide whether to release the I°C bus (SCLAO and
SDAAQO pins = high level) in conformance with the specifications of the product that is communicating.
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Figure 14-30. Master Operation in Multi-Master System (2/3)

Waits for bus release

(communication being reserved).

Waits for bus release

Note The wait time is calculated as follows.
(IICWL setting value + IICWH setting value + 4) + tr x 2 x fers (clocks)

Remark IICWL: IICA low-level width setting register
IICWH: 1ICA high-level width setting register

Detects a stop condition.

? Enables reserving communication.
STTO=1 Prepares for starting co_mmunication
(generates a start condition).
\
Wait Secure wait timeN°'® by software.
j=2}
=
1]
1%
g N
o MSTSO = 1? 0
o
c
k=]
] Yes INTHCAO
g interrupt occurs?
£
g Yes
o
: _ NO_—EXC0 =1 or COI0 =17
Wait state after stop condition
was detected and start condition
was generated by the communication
reservation function.
@ ( Slave operation )
e Disables reserving communication.
No
Prepares for starting communication
o (generates a start condition).
1%
] ot
] Wait
o
c
il
8
= STCF=0? No
£
g
3 Yes INTIICAO
interrupt occurs?
EXCO = 1 or COI0 =17 > N0
( Slave operation )

tr: SDAAO and SCLAO signal falling times (refer to CHAPTER 27 ELECTRICAL SPECIFICATIONS
((A) GRADE PRODUCTS) and CHAPTER 28 ELECTRICAL SPECIFICATIONS ((A2) GRADE

PRODUCTS))
fers: Peripheral hardware clock frequency
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Figure 14-30. Master Operation in Multi-Master System (3/3)

Writing IICA Starts communication
9 (specifies an address and transfer direction).
INTIICAO
interrupt occurs? Waits for detection of ACK.
|
ACKEO =1
WTIMO =0
_ \
2 | WTIMO = 1 | ‘
(7]
§ | WRELO = 1 | Starts reception.
o
2 | Writing 1ICA | Starts transmission.
o
€ interrupt occurs? Waits for data reception.
] INTICAQ
£ interrupt occurs? Waits for data transmission.
o
| Reading IICA |
WTIMO = WRELO =1
ACKEO =0
.
INTIICAO
No interrupt occurs? Waits for detection of ACK.
PTO=1
Yes SPTO |
\
| STT0=1 | ( END )
—_—
£
(%]
1%
Q
(5]
<
o
j=
2
IS
L
c
g
g ( Slave operation ) poes not pgrtlglpate
3 in communication.

Remarks 1. Conform to the specifications of the product that is communicating, with respect to the transmission and
reception formats.
2. To use the device as a master in a multi-master system, read the MSTSO bit each time interrupt INTIICAO
has occurred to check the arbitration result.
3. To use the device as a slave in a multi-master system, check the status by using the IICASO and IICAFO
registers each time interrupt INTIICAO has occurred, and determine the processing to be performed next.
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(3) Slave operation
The processing procedure of the slave operation is as follows.

Basically, the slave operation is event-driven. Therefore, processing by the INTIICAO interrupt (processing that

must substantially change the operation status such as detection of a stop condition during communication) is

necessary.
In the following explanation, it is assumed that the extension code is not supported for data communication. It is

also assumed that the INTIICAOQ interrupt servicing only performs status transition processing, and that actual data

communication is performed by the main processing.

INTIICAO Flag

Interrupt servicing

Setting
IICA Main processing

Data

Setting

Therefore, data communication processing is performed by preparing the following three flags and passing them to
the main processing instead of INTIICAO.

<1> Communication mode flag
This flag indicates the following two communication statuses.
e Clear mode: Status in which data communication is not performed
e Communication mode: Status in which data communication is performed (from valid address detection to

stop condition detection, no detection of ACK from master, address mismatch)

<2> Ready flag
This flag indicates that data communication is enabled. Its function is the same as the INTIICAO interrupt for
ordinary data communication. This flag is set by interrupt servicing and cleared by the main processing.
Clear this flag by interrupt servicing when communication is started. However, the ready flag is not set by
interrupt servicing when the first data is transmitted. Therefore, the first data is transmitted without the flag
being cleared (an address match is interpreted as a request for the next data).

<3> Communication direction flag
This flag indicates the direction of communication. Its value is the same as TRCO.
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The main processing of the slave operation is explained next.
Start serial interface IICA and wait until communication is enabled. When communication is enabled, execute
communication by using the communication mode flag and ready flag (processing of the stop condition and start
condition is performed by an interrupt. Here, check the status by using the flags).
The transmission operation is repeated until the master no longer returns ACK. If ACK is not returned from the

master, communication is completed.
For reception, the necessary amount of data is received. When communication is completed, ACK is not returned

as the next data.

communication status occurs in this way.

Initial setting

Communication processing

After that, the master generates a stop condition or restart condition.

Figure 14-31. Slave Operation Flowchart (1)

o)

Setting port

Setting IICRSV

IICACTLO « OXXX11XXB
ACKEO =WTIMO =1
I
IICACTLO « 1XX011XXB
SPIEO =0, IICE0 = 1
I

Setting port

Setting of the port used alternatively as the pin to be used.
First, set the port to input mode and the output latch to 0 (see 14.3 (9) Port mode register 6 (PM6)).

IICWL, lICWH « XXH Selects a transfer clock.
I
SVAD « XXH Sets a local address.
[
IICAFOQ < OXH

Sets a start condition.

Set the port from input mode to output mode and enable the output of the 1°C bus
(see 14.3 (9) Port mode register 6 (PM6)).

Communication

direction flag = 12

Starts
transmission.

No Communication
mode flag = 1?
No Communication
direction flag = 12
Ready flag = 1?7
Yes

Clearing ready flag

*ﬁs

Clearing communication
mode flag
WRELO =1

L]

Writing IICA

Starts
WRELO =1 reception.

Communication No
mode flag = 1?
Yes
Communication No
direction flag = 02

Ye

s
Ready flag = 1?
Y

es

Reading IICA

Clearing ready flag

LT

Exit from the

Remark Conform to the specifications of the product that is in communication, regarding the transmission and

reception formats.
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An example of the processing procedure of the slave with the INTIICAO interrupt is explained below (processing is

performed assuming that no extension code is used). The INTIICAQ interrupt checks the status, and the following

operations are performed.

<1> Communication is stopped if the stop condition is issued.

<2> If the start condition is issued, the address is checked and communication is completed if the address does
not match. If the address matches, the communication mode is set, wait is cancelled, and processing returns

from the interrupt (the ready flag is cleared).

<3> For data transmit/receive, only the ready flag is set. Processing returns from the interrupt with the I°C bus

remaining in the wait state.

Remark <1>to <3> above correspond to <1> to <3> in Figure 14-32 Slave Operation Flowchart (2).

Figure 14-32. Slave Operation Flowchart (2)

( INTIICAO generated >

<1>

<2>

COolo =17

Set ready flag

No

Communication direction flag
« TRCO
Set communication mode flag
Clear ready flag

¢

Clear communication direction
flag, ready flag, and
communication mode flag

( Interrupt servicing completed >
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14.5.17 Timing of 1’c interrupt request (INTIICAQ) occurrence
The timing of transmitting or receiving data and generation of interrupt request signal INTIICAOQ, and the value of the
IICASO register when the INTIICAO signal is generated are shown below.

Remark ST: Start condition
ADG6 to ADO: Address
RIW: Transfer direction specification
ACK: Acknowledge
D7 to DO: Data
SP: Stop condition
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(1) Master device operation

(a) Start ~ Address ~ Data ~ Data ~ Stop (transmission/reception)

(i) When WTIMO =0

SPTO=1
l
ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
Al A2 A3 A4 A5

A1: [ICASO = 1000x110B

A2: [ICASO = 1000x000B

A3: [ICASO = 1000x000B (Sets WTIMO to 1)
A4: [ICASO = 1000xx00B (Sets SPTO to 1)
A5 [ICASO = 00000001B

Note To generate a stop condition, set WTIMO to 1 and change the timing for generating the INTIICAQ interrupt
request signal.

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care

(i) When WTIMO =1

SPTO=1

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
Al A2 A3 A4

A1: ICASO = 1000%x110B
A2: [ICASO = 1000%100B
A3: IICASO = 1000xx00B (Sets SPTO to 1)
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEQ = 1
x: Don't care
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(b) Start ~Address ~ Data ~ Start ~ Address ~ Data ~ Stop (restart)
(i) When WTIMO = 0
STT0=1 SPTO=1
{ {
ST | AD6to ADO |R/W |ACK| D7toDO |ACK| ST | AD6to ADO |R/W |ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5 A6 A7
A1: ICASO = 1000%110B
A2: [ICASO = 1000x000B (Sets WTIMO to 1)N°*e?
A3: [ICASO = 1000xx00B (Clears WTIMO to 0°*2, sets STTO to 1)
A4 ICASO = 1000%110B
A5: [ICASO = 1000x000B (Sets WTIMO to 1)t 3
AG6: IICASO = 1000xx00B (Sets SPTO to 1)
AT: 1ICASO = 00000001B
Notes 1. To generate a start condition, set WTIMO to 1 and change the timing for generating the INTIICAO
interrupt request signal.
2. Clear WTIMO to 0 to restore the original setting.
3. To generate a stop condition, set WTIMO to 1 and change the timing for generating the INTIICAO
interrupt request signal.
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care
(i) When WTIMO =1
STT0=1 SPTO=1
2 {
ST | AD6to ADO |R/W [ACK| D7toDO |ACK| ST | AD6to ADO |R/W |[ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5
A1: ICASO =1000%x110B
A2: [ICASO = 1000%xx00B (Sets STTO to 1)
A3: [ICASO = 1000%110B
A4: [ICASO = 1000xx00B (Sets SPTO to 1)
AB5: [ICASO = 00000001B
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care
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[ICA

(c) Start ~ Code ~ Data ~ Data ~ Stop (extension code transmission)

(i) When WTIMO =0

SPT0=1
1

ST | AD6 to ADO | R/W | ACK D7 to DO

ACK D7 to DO

ACK| SP

Al

A1: ]ICASO =1010x110B
A2: [ICASO = 1010x000B

A4 |ICASO = 1010xx00B (Sets SPTO to 1)

A5: [ICASO = 00000001B

request signal.

Remark A: Always generated

x: Don't care

A2

A3: [ICASO = 1010x000B (Sets WTIMO to 1)

A: Generated only when SPIEQ = 1

A3 A4 A5

Note To generate a stop condition, set WTIMO to 1 and change the timing for generating the INTIICAQ interrupt

(i) When WTIMO = 1

SPTO=1

ST | AD6to ADO | R/W | ACK D7 to DO

ACK D7 to DO

ACK | SP

Al
A1: ICASO =1010%x110B
A2: [ICASO =1010%100B
A3: [ICASO = 1010xx00B (Sets SPTO to 1)
A4: 1ICASO = 00001001B

Remark A: Always generated

x: Don't care

A2

A: Generated only when SPIEO = 1

A3 A4
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(2) Slave device operation (slave address data reception)
(a) Start ~ Address ~ Data ~ Data ~ Stop

(i) When WTIMO =0

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3 A4

A1: ICASO = 0001x110B
A2: [ICASO = 0001x000B
A3: [ICAS0O = 0001x000B
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care

(i) When WTIMO =1

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3 A4

A1: ICASO = 0001x110B
A2: [ICASO = 0001x100B
A3: |ICAS0O = 0001xx00B
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEQ = 1
x: Don't care
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(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = 0O (after restart, matches with SVAOQ)

ST | AD6to ADO | RIW |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5

A1: ]ICASO = 0001x110B
A2: [ICASO = 0001x000B
A3: [ICASO = 0001x110B
A4: |ICASO = 0001x000B
A5: [ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEQ = 1
x: Don't care

(i) When WTIMO = 1 (after restart, matches with SVAOQ)

ST | AD6to ADO |R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |[ACK| D7toDO |ACK| SP

Al A2 A3 A4 A5

A1: ICASO = 0001x110B
A2: [ICASO = 0001xx00B
A3: IICASO = 0001x110B
A4: [ICASO = 0001xx00B
A5: [ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care
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(c) Start ~ Address ~ Data ~ Start ~ Code ~ Data ~ Stop

(i) When WTIMO = O (after restart, does not match address (= extension code))

ST | AD6to ADO | R/IW |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP

Al A2 A3 A4 A5

A1: ICASO =0001%x110B
A2: |ICAS0O = 0001x000B
A3: [ICASO = 0010x010B
A4: ICASO = 0010%000B
AB: IICAS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care

(i) When WTIMO = 1 (after restart, does not match address (= extension code))

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W [ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5 A6

A1: |ICASO = 0001x110B
A2: [ICASO = 0001xx00B
A3: [ICASO = 0010%010B
A4: ]ICASO = 0010x110B
A5: [ICASO = 0010xx00B
A6: [ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care
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(d) Start ~Address ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = O (after restart, does not match address (= not extension code))

ST | AD61to ADO | R/W |ACK| D7toDO |ACK| ST | AD61to ADO | R/W [ACK| D7toDO |ACK| SP

Al A2 A3 A4

A1: ICASO =0001%x110B
A2: |ICAS0O = 0001x000B
A3: [ICASO = 00000110B
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care

(i) When WTIMO = 1 (after restart, does not match address (= not extension code))

ST | AD6to ADO | RIW |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |[ACK| D7toDO |ACK| SP
Al A2 A3 A4

A1: ICASO =0001x110B
A2: |ICAS0O = 0001xx00B
A3: [ICASO = 00000110B
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care

RO1UHO068EJ0203 Rev.2.03 R nS 486
Jun 29, 2012 ENES



78KO0/Fx2-L CHAPTER 14 SERIAL INTERFACE IICA

(3) Slave device operation (when receiving extension code)
The device is always participating in communication when it receives an extension code.

(@) Start ~ Code ~ Data ~ Data ~ Stop

(i) When WTIMO =0

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
Al A2 A3 A4

A1: [ICASO = 0010x010B
A2: |ICASO = 0010%000B
A3: [ICASO = 0010x000B
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care

(i) When WTIMO =1

ST | AD6 to ADO | RW | ACK D7 to DO ACK D7 to DO ACK| SP
Al A2 A3 A4 A5

A1: ICASO = 0010x010B
A2: |ICASO = 0010x110B
A3: [ICASO = 0010%100B
A4: [ICASO = 0010xx00B
AB: IICAS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care
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(b) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = O (after restart, matches SVAOQ)

ST | AD61to ADO | R/W |ACK| D7toDO |ACK| ST | AD61to ADO | R/W [ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5

A1: [ICASO = 0010x010B
A2: |ICASO = 0010%000B
A3: [ICASO = 0001x110B
A4: [ICASO = 0001x000B
AB: IICAS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care

(i) When WTIMO = 1 (after restart, matches SVAQ)

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W [ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5 A6

A1: |[ICASO = 0010x010B
A2: [ICASO = 0010%x110B
A3: |ICASO = 0010xx00B
A4: ]ICASO = 0001x110B
A5: [ICASO = 0001xx00B
AB: IICAS0O = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care
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(c) Start ~ Code ~ Data ~ Start ~ Code ~ Data ~ Stop

(i) When WTIMO = O (after restart, extension code reception)

ST | AD6 to ADO | R/W

ACK

D7 to DO

ACK | ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP

Al

A1: [ICASO = 0010x010B
A2: |ICASO = 0010%000B
A3: [ICASO = 0010x010B
A4: ICASO = 0010x000B
AB: IICAS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1

X

Don't care

A2 A3 A4 A5

(i) When WTIMO = 1 (after restart, extension code reception)

ST | AD6to ADO | R/W

ACK

D7 to DO

ACK | ST | AD6to ADO | R/'W |ACK | D7toDO |ACK| SP

Al

A1: ]ICASO = 0010x010B
A2: [ICASO = 0010%x110B
A3: [ICASO = 0010xx00B
A4: |ICASO = 0010%010B
A5: [ICASO = 0010%x110B
AG6: [ICASO = 0010xx00B
AT: 1ICAS0O = 00000001B

A2

Remark A: Always generated
A: Generated only when SPIEO = 1

X

Don't care

A3 A4 AS AG A7
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(d) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = O (after restart, does not match address (= not extension code))

ST | AD61to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |[ACK| D7toDO |ACK| SP
Al A2 A3 A4

A1: [ICASO = 00100010B
A2: [ICASO = 00100000B
A3: IICAS0O = 00000110B
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEQ = 1
x: Don't care

(i) When WTIMO = 1 (after restart, does not match address (= not extension code))

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5

A1: [ICASO = 00100010B
A2: [ICASO = 00100110B
A3: IICASO = 00100x00B
A4: ICASO = 00000110B
A5: [ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care
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(4) Operation without communication

(a) Start ~ Code ~ Data ~ Data ~ Stop

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al

A1: 1ICASO = 00000001B

Remark A: Generated only when SPIEQ =1

(5) Arbitration loss operation (operation as slave after arbitration loss)
When the device is used as a master in a multi-master system, read the MSTSO0 bit each time interrupt request
signal INTIICAO has occurred to check the arbitration result.

(@) When arbitration loss occurs during transmission of slave address data

(i) When WTIMO =0

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3 A4

A1: ICASO =0101x110B
A2: [ICASO = 0001x000B
A3: [ICAS0O = 0001x000B
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care
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(i) When WTIMO = 1

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
Al A2 A3 A4

A1: ]ICASO =0101x110B
A2: [ICASO = 0001x100B
A3: [ICASO = 0001xx00B
A4: 1ICAS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care

(b) When arbitration loss occurs during transmission of extension code

(i) When WTIMO =0

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3 A4

A1: ICASO = 0110x010B
A2: |ICASO = 0010%000B
A3: [ICASO = 0010x000B
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care
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(i) When WTIMO = 1

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3 A4 A5

A1: ICASO = 0110x010B
A2: [ICASO = 0010%x110B
A3: [ICAS0O = 0010%100B
A4: ICASO = 0010xx00B
A5: [ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care

(6) Operation when arbitration loss occurs (no communication after arbitration loss)
When the device is used as a master in a multi-master system, read the MSTSO bit each time interrupt request
signal INTIICAO has occurred to check the arbitration result.

(@) When arbitration loss occurs during transmission of slave address data (when WTIMO = 1)

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
Al A2

A1: [ICASO = 01000110B
A2: 1ICAS0O = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
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(b) When arbitration loss occurs during transmission of extension code

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
Al A2

A1: ICASO = 0110x010B
Sets LRELO = 1 by software
A2: [ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care

(c) When arbitration loss occurs during transmission of data

(i) When WTIMO =0

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3

A1: ICASO =10001110B
A2: [ICASO = 01000000B
A3: 1ICAS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
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(i) When WTIMO = 1

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO

ACK | SP

Al A2

A1: lICASO =10001110B
A2: [ICASO = 01000100B
A3: [ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1

A3

(d) When loss occurs due to restart condition during data transfer

(i) Not extension code (Example: unmatches with SVAO)

ST | AD6to ADO | R/W |ACK | D7toDn ST | AD6to ADO | R/W | ACK

D7 to DO

ACK

SP

Al

A1: ]ICASO = 1000%110B
A2: [ICASO = 01000110B
A3: [ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care
n=6to0

A2

A3
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(i) Extension code

ST | AD6to ADO | RW |ACK| D7toDn | ST | AD6to ADO | RIW |ACK| D7toDO |ACK| SP

Al A2 A3

A1: ICASO = 1000%110B
A2: [ICASO = 01100010B
Sets LRELO = 1 by software
A3: IICAS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care
n=6to0

(e) When loss occurs due to stop condition during data transfer

ST | AD6 1o ADO | R/W |ACK | D7toDn SP

Al A2

A1: ICASO = 10000110B
A2: 1ICASO = 01000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care
n=6to0
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(f) When arbitration loss occurs due to low-level data when attempting to generate a restart condition

(i) When WTIMO =0

STT0=1
)

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| D7toDO |ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5

A1: ICASO = 1000%110B

A2: [ICASO = 1000%000B (Sets WTIMO to 1)
A3: IICASO = 1000%100B (Clears WTIMO to 0)
A4: 1ICASO = 01000000B

A5: [ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care

(i) When WTIMO =1

STT0=1
A

ST | AD6to ADO | R/IW |ACK| D7toDO |ACK| D7toDO |ACK| D7toDO |ACK| SP

Al A2 A3 A4

A1: ICASO = 1000%110B
A2: |ICASO = 1000%100B (Sets STTO to 1)
A3: [ICASO = 01000100B
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care
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(9) When arbitration loss occurs due to a stop condition when attempting to generate a restart condition

(i) When WTIMO =0

STT0=1
A

ST | AD6to ADO | R/W | ACK D7 to DO ACK | SP
Al A2 A3 A4

A1: [ICASO =1000%x110B

A2: [ICASO = 1000%000B (Sets WTIMO to 1)
A3: [ICASO = 1000xx00B (Sets STTOto 1)
A4: 1ICASO = 01000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care

(i) When WTIMO =1

STT0=1
\

ST | AD6to ADO | R/W | ACK D7 to DO ACK | SP

Al A2 A3

A1: ICASO = 1000%x110B
A2: [ICASO = 1000%x00B (Sets STTO to 1)
A3: 1ICAS0 = 01000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x:  Don't care
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(h) When arbitration loss occurs due to low-level data when attempting to generate a stop condition

(i) When WTIMO =0

SPT0=1
A

ST | AD6to ADO |R/W |ACK| D7toDO |ACK| D7toDO |ACK| D7toDO |ACK| SP

Al A2 A3 A4 A5

A1: [ICASO =1000%x110B

A2: [ICASO = 1000%000B (Sets WTIMO to 1)
A3: [ICASO = 1000x100B (Clears WTIMO to 0)
A4: ICASO = 01000100B

A5: [ICASO0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care

(i) When WTIMO = 1

SPTO=1
)

ST | AD6to ADO |R/IW |ACK| D7toD0 |ACK| D7toDO |ACK| D7toDO |ACK| SP
Al A2 A3 A4

A1: ICASO = 1000%110B
A2: |ICASO = 1000%100B (Sets SPTO to 1)
A3: [ICASO = 01000100B
A4: 1ICASO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don't care
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14.6 Timing Charts

When using the I°C bus mode, the master device outputs an address via the serial bus to select one of several slave
devices as its communication partner.

After outputting the slave address, the master device transmits the TRCO bit (bit 3 of the IICA status register 0
(IICASO0)), which specifies the data transfer direction, and then starts serial communication with the slave device.

Figures 14-33 and 14-34 show timing charts of the data communication.

The IICA shift register (IICA)’s shift operation is synchronized with the falling edge of the serial clock (SCLAQO). The
transmit data is transferred to the SO latch and is output (MSB first) via the SDAAO pin.

Data input via the SDAAO pin is captured into IICA at the rising edge of SCLAO.
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Figure 14-33. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(1) Start condition ~ address

[ Processing by master device |

IICA | ICA < address | ICA « data Note 1
| \
ACKDO 4 \ |
STDO / |
SPDO
WTIMO  H / /

ACKEO  H

MsTSO | / /
7 /
1] ]

-1 I
o ]

TRCO

SCLAO

Transmit

SDAAO
Start condition

[ Processing by slave device |

ICA
ACKDO \‘{ /] |
stoo | |
spb0 | /
WTIMO  H //
ACKEO H
MSTSO _ L /
STT0 L
SPTO L
WRELO [ ] Note2

INTIICAO “I

TRCO L Receive

Notes 1. Write data to IICA, not setting WRELDO, in order to cancel a wait state during master transmission.
2. To cancel slave wait, write “FFH” to IICA or set WRELDO.
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Figure 14-33. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(2) Data

[ Processing by master device |

IICA | lICA < data Note 1 | lICA < data Note 1
"\
ACKDO A \ -
stDo
SPDO L\ /
WTIMO  H \ /
ACKEO H } I ‘

] \ |
SPTO L / / \ /
WRELO L/ / \ /

INTICAO / ,I_I/ \ (/l_l /

TRCO

[Processing by slave device|

IICA IICA < FFH Note 2

ACKDO k_l| \I -

STDO L

o | /

WTIMO H / /
ACKEOQ H
MSTSO L

STTO _L /
SPTO _ 1 / \
WRELO \ [ ]Note 2 \ [ ]Note2
INTIICAO \1|_| \|_|

TRCO L Receive

Notes 1. Write data to IICA, not setting WRELDO, in order to cancel a wait state during master transmission.
2. To cancel slave wait, write “FFH” to IICA or set WRELDO.
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Figure 14-33. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(3) Stop condition

[ Processing by master device |

IICA | lICA « data Note 1 | IICA « address
T

ACKDO 4

STDO

SPDO

WTIMO H

ACKEO H

|
|
|
MSTSO ’
|
|

STTO

SPTO

'
WRELO L / \ /( \\ /
INTIICAQ / \ A /\\
VL TN

TRCO Transmit

Transfer lines

SCLAO

SDAAO

condition condition

[ Processing by slave device |

IICA IICA < FFH Note 2 | ICA < FFH Note 2
I

ACkDO | \’7/I—‘ )
STDO / / —
SPDO / h

WTIMO ~ H / /
ACKEO H / /
MSTSO L

—_— | |

SPTO L \ \
\
WRELO [ |Note 2 \ [ [Note 2

M

(When SPIEO = 1)

TRCO L Receive

Notes 1. Write data to lIICA, not setting WRELDO, in order to cancel a wait state during master transmission.

2. To cancel slave wait, write “FFH” to IICA or set WRELDO.
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Figure 14-34. Example of Slave to Master Communication
(When 8-Clock Wait Is Selected for Master, 9-Clock Wait Is Selected for Slave) (1/3)

(1) Start condition ~ address

[ Processing by master device |

IICA | IICA « address | ICA < FFH Note 1
ACKDO
stoo | : / k
SPDO —l\
WTIMO L }

ACKEO H

MSTSO | \\ ///

A ]

WRELO \\ / / / [ ]Note1

INTICAO \\ / /r|_| \
A

TRCO |

\ Receive

Transmit

[ Processing by slave device |

IICA | IICA < data Note 2
ACKDO / \‘{_—|
sTDo | / |
spb0 | / /

o [
- [ |
|
\

sTT0 L
SPTO L
WRELO L \
INTIICAO \ \‘{_\
TRCO Receive \‘l Transmit

Notes 1. To cancel master wait, write “FFH” to IICA or set WRELO.
2. Write data to IICA, not setting WRELDO, in order to cancel a wait state during slave transmission.
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Figure 14-34. Example of Slave to Master Communication
(When 8-Clock Wait Is Selected for Master, 9-Clock Wait Is Selected for Slave) (2/3)

(2) Data

[ Processing by master device |

IICA | IICA <~ FFH Note 1 | ICA < FFH Note 1

ACKDO | A _
| |

w0 L\ \ N
oo\ v

ACKEO  H \\ ) \\ \)

o 1 )

e L |/ |/

WRELO |_|Not/e,1/ Note 1] | //

Nt /7
T W

SCLAO

A1) [2] [3
D7X D6 X D5

SDAAO0 DO

[Processing by slave device |

IICA / \I IICA < data_Note 2 I IICA < data_Note 2

ACKDO

STDO L

SPDO L / /
WTIMO  H // /
ACKEO H
MSTSO L

STTO L

SPTO L

war 1\ \
s N \

TRCO H Transmit

Notes 1. To cancel master wait, write “FFH” to IICA or set WRELO.

2. Write data to IICA, not setting WRELDO, in order to cancel a wait state during slave transmission.
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Figure 14-34. Example of Slave to Master Communication
(When 8-Clock and 9-Clock Wait Is Selected for Master, 9-Clock Wait Is Selected for Slave) (3/3)

(3) Stop condition

[ Processing by master device |

IICA « address
IICA | ICA« FFH Note1l

ackoo | '\ \

STDO

SPDO

WTIMO [

ACKEO

MSTSO0 |/ /
[/
0

SPTO

WRELO

L
INTIICAO ﬁ \ [
S N\

9 1

SCLAO
SDAAO NACK | AD6
Stop Start
_ - condition condition
[ Processing by slave device |
IICA IICA « data_Note 2 | ICA <« FFH Note 1
T T

ACKDO )

STDO /

SPDO / [ 1
WTIMO  H /
ACKEO  H
MSTSO L /

STT0 L (

SPTO L
WRELO \ |_| Notes 1, 3
INTIICAO [
(When SPIEO = 1)
TRCO Transmit Note 3 Receive

Notes 1. To cancel wait, write “FFH" to IICA or set WRELO.
2. Write data to IICA, not setting WRELDO, in order to cancel a wait state during slave transmission.
3. If a wait state during slave transmission is canceled by setting WRELO, TRCO will be cleared.
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CHAPTER 15 SERIAL INTERFACE CSI11

ltem 78KO/FY2-L (16 Pins) 78KO/FA2-L (20 Pins) 78K0/FB2-L (30 Pins)

Serial interface Not mounted Mounted
Csl11

15.1 Functions of Serial Interface CSI11

Serial interface CSI11 has the following two modes.

(1) Operation stop mode
This mode is used when serial communication is not performed and can enable a reduction in the power consumption.
For details, refer to 15.4.1 Operation stop mode.

(2) 3-wire serial I/0O mode (MSB/LSB-first selectable)
This mode is used to communicate 8-bit data using three lines: a serial clock line (SCK11) and two serial data lines
(SI11 and SO11).
The processing time of data communication can be shortened in the 3-wire serial I/O mode because transmission and
reception can be simultaneously executed.

In addition, whether 8-bit data is communicated with the MSB or LSB first can be specified, so this interface can be
connected to any device.
The 3-wire serial /0 mode is used for connecting peripheral ICs and display controllers with a clocked serial interface.
For details, refer to 15.4.2 3-wire serial I/O mode.

15.2 Configuration of Serial Interface CSI11

Serial interface CSI11 includes the following hardware.

Table 15-1. Configuration of Serial Interface CSI11

Item Configuration

Controller Transmit controller
Clock start/stop controller & clock phase controller

Registers Transmit buffer register 11 (SOTB11)
Serial I/O shift register 11 (SIO11)

Control registers Serial operation mode register 11 (CSIM11)
Serial clock selection register 11 (CSIC11)
Port mode registers 0 and 3 (PMO, PM3)
Port register 3 (P3)

RO1UHO068EJ0203 Rev.2.03 R NS 507
Jun 29, 2012 ENES



78K0/Fx2-L CHAPTER 15 SERIAL INTERFACE CSI11

Figure 15-1. Block Diagram of Serial Interface CSI11

2 Internal bus 2

o ’ Serial I/O shift Transmit buffer Output | output
SI11/P36 © b : register 11 (SI011) register 11 (SOTB11) selector |1

: Output latch

©S011/P37

Transmit data Output latch (P37)

Q
<]
=1
=
=
=X
[}
ol

Output latch PMm37

(P35)
Transmit controller

SCK11/P35®@
SSI11 *)_/P\ % i
frrs/2 ——=

frrs/22 — =
frrs/23 —»
frrs/24 ——»
fPrs/2° ——=
fprs/28 ——
fprs/27 ——=

Clock start/stop controller &
clock phase controller

INTCSI11

Selector

(1) Transmit buffer register 11 (SOTB11)
This register sets the transmit data.
Transmission/reception is started by writing data to SOTB11 when bit 7 (CSIE11) and bit 6 (TRMD11) of serial
operation mode register 11 (CSIM11) is 1.
The data written to SOTB11 is converted from parallel data into serial data by serial I/O shift register 11, and output to
the serial output pin (SO11).
SOTB11 can be written or read by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Cautions 1. Do not access SOTB11 when CSOT11 =1 (during serial communication).
2. In the slave mode, transmission/reception is started when data is written to SOTB11 with a low
level input to the SSI11 pin. For details on the transmission/reception operation, refer to 15.4.2
(2) Communication operation.
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(2) Serial I/O shift register 11 (SIO11)
This is an 8-bit register that converts data from parallel data into serial data and vice versa.
This register can be read by an 8-bit memory manipulation instruction.
Reception is started by reading data from SIO11 if bit 6 (TRMD11) of serial operation mode register 11 (CSIM11) is 0.
During reception, the data is read from the serial input pin (SI11) to SIO11.
Reset signal generation clears this register to 00H.

Cautions 1. Do not access SIO11 when CSOT11 =1 (during serial communication).
2. In the slave mode, reception is started when data is read from SIO11 with a low level input to the
SSI11 pin. For details on the reception operation, refer to 15.4.2 (2) Communication operation.

15.3 Registers Controlling Serial Interface CSI11
Serial interface CSI11 is controlled by the following four registers.

e Serial operation mode register 11 (CSIM11)
o Serial clock selection register 11 (CSIC11)
e Port mode registers 0 and 3 (PMO, PM3)

e Port register 3 (P3)

(1) Serial operation mode register 11 (CSIM11)
CSIM11 is used to select the operation mode and enable or disable operation.
CSIM11 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 15-2. Format of Serial Operation Mode Register 11 (CSIM11)

Address: FF88H After reset: 00H R/MWN**!

Symbol <7> 6 5 4 3 2 1 0
CSIM11 CSIE1l TRMD11 SSE11 DIR11 0 0 0 CSOT11
CSIE1l Operation control in 3-wire serial I/O mode
0 Disables operation**®? and asynchronously resets the internal circuit"**®>.
1 Enables operation
TRMD11""** Transmit/receive mode control
ohoes Receive mode (transmission disabled).
1 Transmit/receive mode
SSE11MN'** 87 SSI11 pin use selection
0 SSI11 pin is not used
1 SSI11 pin is used
DIR11"e® First bit specification
0 MSB
1 LSB
CSOT11 Communication status flag
0 Communication is stopped.
1 Communication is in progress.
Notes 1. BitOis aread-only bit.

2. Touse P37/SO11, P35/SCK11, and P20/SSI11/INTP5 as general-purpose ports, set CSIM11 in the default

status (OOH).
3. Bit0(CSOT11) of CSIM11 and serial I/O shift register 11 (SIO11) are reset.
4. Do not rewrite TRMD11 when CSOT11 = 1 (during serial communication).

5. The SO11 output (refer to Figure 15-1) is fixed to the low level when TRMD11 is 0. Reception is started

when data is read from SIO11.

Do not rewrite SSE11 when CSOT11 = 1 (during serial communication).
7. Before setting this bit to 1, fix the SSI11 pin input level to 0 or 1.
8. Do not rewrite DIR11 when CSOT11 = 1 (during serial communication).

(2) Serial clock selection register 11 (CSIC11)
This register specifies the timing of the data transmission/reception and sets the serial clock.
CSIC11 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 15-3. Format of Serial Clock Selection Register 11 (CSIC11)

Address: FF89H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CSIC11 0 0 0 | CKP11 | DAP11 | CKS112 | CKS111 | CKS110
CKP11 DAP11 Specification of data transmission/reception timing Type
0 0 sekii - LTI LML LT L L L !
SO11 __XD7XD6XD5XD4XD3XD2XD1X DO
SI11 input timing | I S I O
0 ! sekii - LTI LML L L LI L 2
SO11 A D7)XD6XD5XD4XD3XD2XD1XDO
SI11 input timing | | | | | | | |
! 0 SIS TN I I I I I I I O 3
SO11 __XD7XD6XD5XD4XD3XD2XD1X D0
SI11 input timing | | | | | | | |
! ! sekii [T LT LI LML L L 4
SO11 AD7AD6XD5XD4XD3XD2XD1XDO
SI11 input timing | | | | | | | |
CKS112 CKS111 CKS110 CSI11 serial clock selection Mode
fers = fers = fers = fers =
2 MHz 5 MHz 10 MHz 20 MHz
(when
using PLL)
0 0 0 fers/2 | 1 MHz 2.5 MHz 5 MHz 10 MHz Master
0 0 1 fers/2® [500kHz ~ |1.25MHz [25MHz |5 MHz mode
0 1 0 fers/2® | 250 kHz 625 kHz 1.25MHz |2.5MHz
0 1 1 fers/2* | 125 kHz 312.5kHz |625 kHz 1.25 MHz
1 0 0 fers/2® | 62.5 kHz 156.25 kHz | 312.5 kHz | 625 kHz
1 0 1 frs/2® |31.25kHz |78.13kHz |156.25 kHz | 312.5 kHz
1 1 0 fers/2” | 15.63 kHz |39.06 kHz |78.13 kHz |156.25 kHz
1 1 1 External clock input from SCK11"°® Slave
mode

Note Do not start communication with the external clock from the SCK11 pin when in the STOP mode.

Cautions 1. Do not write to CSIC11 while CSIE11 = 1 (operation enabled).

2. To use P37/S0O11 and P35/SCK11 as general-purpose ports, set CSIC11 in the default status (00H).

3. The phase type of the data clock is type 1 after reset.

Remark fers: Peripheral hardware clock frequency
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(3) Port mode registers 0 and 3 (PMO, PM3)
These registers set input/output of ports 0 and 3 in 1-bit units.
When using P35/SCK11 as the clock output pin of the serial interface, clear PM35 to 0, and set the output latches of
P35to 1.
When using P37/S011 as the data output pin of the serial interface, clear PM37 and the output latches of P37 to 0.
When using P35/SCK11 as the clock input pin of the serial interface, P36/SI11 as the data input pin of the serial
interface, and P02/SSI11/INTP5 as the chip select input pin of the serial interface, set PM35, PM36, and PMO02 to 1.
At this time, the output latches of P35, P36, and P02 may be O or 1.
PMO0 and PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 15-4. Format of Port Mode Register 0 (PMO) (78K0/FB2-L)

Address: FF20H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMO | 1 | 1 | 1 | 1 | 1 | PMO02 | PMO1 | PMO00 |
PMON POn pin I/O mode selection (n = 0 to 2)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Figure 15-5. Format of Port Mode Register 3 (PM3) (78K0/FB2-L)

Address: FF23H  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 |
PM3n P3n pin I/O mode selection (n =010 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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15.4 Operation of Serial Interface CSI11

Serial interface CSI11 can be used in the following two modes.
e Operation stop mode
e 3-wire serial /O mode

15.4.1 Operation stop mode
Serial communication is not executed in this mode. Therefore, the power consumption can be reduced. In addition,
the SCK11, SI11, SO11, and SSI11 pins can be used as ordinary I/O port pins in this mode.

(1) Register used
The operation stop mode is set by serial operation mode register 11 (CSIM11).
To set the operation stop mode, clear bit 7 (CSIE11) of CSIM11 to O.

(a) Serial operation mode register 11 (CSIM11)
CSIM11 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears CSIM11 to O0H.

Address: FF88H After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
CSiM11 CSIE1l TRMD11 SSE11 DIR11 0 0 0 CSOT11
CSIE1l Operation control in 3-wire serial I/O mode
0 Disables operation**®* and asynchronously resets the internal circuit“**®?.

Notes 1. To use P37/SO11, P35/SCK11, and P02/SSI11/INTP5 as general-purpose ports set CSIM11 in the
default status (O0H).
2. Bit0 (CSOT11) of CSIM11 and serial I/O shift register 11 (SIO11) are reset.
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15.4.2 3-wire serial /O mode
The 3-wire serial /0O mode is used for connecting peripheral ICs and display controllers with a clocked serial interface.
In this mode, communication is executed by using three lines: the serial clock (SCK11), serial output (SO11), and
serial input (SI11) lines.

(1) Registers used

e Serial operation mode register 11 (CSIM11)
¢ Serial clock selection register 11 (CSIC11)
¢ Port mode registers 0 and 3 (PMO, PM3)

e Port register 3 (P3)

The basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

<1>
<2>
<3>

<4>

Set the CSIC11 register (refer to Figure 15-3).

Set bits 4 to 6 (DIR11, SSE11, and TRMD11) of the CSIM11 register (refer to Figure 15-2).
Set bit 7 (CSIE11) of the CSIM11 register to 1. — Transmission/reception is enabled.

Write data to transmit buffer register 11 (SOTB11). — Data transmission/reception is started.
Read data from serial I/O shift register 11 (SIO11). — Data reception is started.

Caution Take relationship with the other party of communication when setting the port mode register and

port register.
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The relationship between the register settings and pins is shown below.

Table 15-2. Relationship Between Register Settings and Pins

CSIE11TRMD11|SSE11|PM36| P36 |PM37| P37 |PM35| P35 |PM02| P02 Csl11 Pin Function
Operation  1s11/p36| SO11/ | SCKLL/ | SSIT/
P37 P35 P02/
INTP5
O O ><Notel ><Nutel ><Notel ><Nutel ><Nmel ><Nutel ><NoteZ ><NuteZ StOp P36 P37 P35 Note POZ/
¢ INTP5
1 0 1| x e 1 | ox MM Slave Si11 P37 | SCK11 | P02/
reception' (input) | INTP5
3 Note 3 JE—
1 x SSI11
1 1 et [yNere g g 1| x |xNotezphoe? Slave P36 SO11 | SCKi1l | P02/
transmission (input) INTP5
Note 3 Note 3 —_—
1 x SSI11
1 1 1 | x| oo 1| x [xNoezchoe? Slave SI11 | SO11 | SCKil | P02/
transmission/ (input) INTP5
1 « recepgonNo!e Note 3 SST
1 0 1| x et oo |1 MM Master Si11 P37 | SCK11 | P02/
reception (output) | INTP5
1 1 setet[yNere g g 0 1 [x"eNe? Master P36 SO11 | SCK11 | P02/
transmission (output) | INTP5
1 1 1 | x| o] o] 0| 1 |x"?"] Master Sl11 | SO11 | ScKkil | P02/
transmission/ (output) | INTP5
reception
Notes 1. Can be set as port function.
2. Can be set as port function or external interrupt function.
3. To use the slave mode, set CKS112, CKS111, and CKS110to 1, 1, 1.
4. To use P35/SCK11 as port pin, clear CKP11 to 0.
Remark x: don't care
CSIE1L: Bit 7 of serial operation mode register 11 (CSIM11)
TRMD11: Bit 6 of CSIM11
SSE11: Bit 5 of CSIM11
CKP11: Bit 4 of serial clock selection register 11 (CSIC11)
CKS112, CKS111, CKS110: Bits 2 to 0 of CSIC11
PMO, PM3: Port mode registers 0 and 3
PO, P3: Output latch of ports 0 and 3
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(2) Communication operation
In the 3-wire serial /0 mode, data is transmitted or received in 8-bit units. Each bit of the data is transmitted or
received in synchronization with the serial clock.
Data can be transmitted or received if bit 6 (TRMD11) of serial operation mode register 11 (CSIM11) is 1.
Transmission/reception is started when a value is written to transmit buffer register 11 (SOTB11). In addition, data
can be received when bit 6 (TRMD11) of serial operation mode register 11 (CSIM11) is 0.
Reception is started when data is read from serial /O shift register 11 (SIO11).
However, communication is performed as follows if bit 5 (SSE11) of CSIM11 is 1 when serial interface CSI11 is in the
slave mode.

<1> Low level input to the SSI11 pin
— Transmission/reception is started when SOTB11 is written, or reception is started when SIO11 is read.
<2> High level input to the SSI11 pin
— Transmission/reception or reception is held, therefore, even if SOTB11 is written or SIO11 is read,
transmission/reception or reception will not be started.
<3> Data is written to SOTB11 or data is read from SIO11 while a high level is input to the SSI11 pin, then a low
level is input to the SSI11 pin
— Transmission/reception or reception is started.
<4> A high level is input to the SSI11 pin during transmission/reception or reception
— Transmission/reception or reception is suspended.

After communication has been started, bit 0 (CSOT11) of CSIM11 is set to 1. When communication of 8-bit data has
been completed, a communication completion interrupt request flag (CSIIF11) is set, and CSOT11 is cleared to O.
Then the next communication is enabled.

Cautions 1. Do not access the control register and data register when CSOT11 = 1 (during serial
communication).
2. Wait for the duration of at least one clock before the clock operation is started to change the
level of the SSI11 pin in the slave mode; otherwise, malfunctioning may occur.
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CHAPTER 15 SERIAL INTERFACE CSI11

TRMD11 =1, DIR11 =0, CKP11 =0, DAP11 =0, SSE11

Figure 15-6. Timing in 3-Wire Serial I/O Mode (1/2)
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Note The SSE11 flag and SSI11 pins are used in the slave mode.

55H is written to SOTB11.
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(b) Transmission/reception timing (Type 2: TRMD11 =1, DIR11 =0, CKP11 =0, DAP11 =1, SSE11 = 1N°‘e)

SSi11MNote

SCK11

Read/write trigger

SOTB11

SI011

CSOT11

INTCSI11

CSIIF11

SI11 (input AAH)

SO11

55H is written to SOTB11.

Figure 15-6. Timing in 3-Wire Serial I/O Mode (2/2)

1 A r
g ]
::X . 55H (communication data)

o

:X 56 X ADH X 5AH

T T L
N O
N U O O 0 O O S S N
T O s Ny VAN

Note The SSE11 flag and SSI11 pins are used in the slave mode.
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Figure 15-7. Timing of Clock/Data Phase

(a) Typel: CKP11=0,DAP11=0,DIR11=0

SCK11 i
SI11 capture : | | | | | | | |

so11 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
Writing to SOTB11 or n '
reading from SIO11

CSIIF11 I E
CSOT11 l. I_

(b) Type 2: CKP11=0, DAP11=1,DIR11=0

SCK11
SI11 capture

SO11

Writing to SOTB11 or
reading from SIO11
CSIlIF11

CSOT11 ! '

D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

w1 O 1 BN

(c) Type 3: CKP11=1, DAP11=0, DIR11=0

SCK11 :
SI11 capture : | | | | | | | |

SoO11 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X

Writing to SOTB11 or n
reading from SIO11
CSIIF11

CSOT11 ! I_

(d) Type 4: CKP11=1, DAP11=1,DIR11=0

SCK11

— I I I I I I I
SoO11 X__D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
Writing to SOTB11 or n
reading from SIO11
CSIIF11

CSOT11 ! '

SI11 capture

Remark The above figure illustrates a communication operation where data is transmitted with the MSB first.
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(3) Timing of output to SO11 pin (first bit)
When communication is started, the value of transmit buffer register 11 (SOTB11) is output from the SO11 pin. The

output operation of the first bit at this time is described below.

Figure 15-8. Output Operation of First Bit (1/2)

SCK11

Writing to SOTB11 or
reading from SI011

SOTB11
SIo11
Output latch

SO11

SCK11

Writing to SOTB11 or
reading from SIO11

SOTB11

Sio11

Output latch

SO11

(@) Type 1: CKP11 =0, DAP11=0

| 'SR N <
X Fstoit X 2ndbi
(b) Type 3: CKP11=1, DAP11=0
[ S
] N
: i X N A

First bit

X 2nd bit

The first bit is directly latched by the SOTB11 register to the output latch at the falling (or rising) edge of SCK11, and
output from the SO11 pin via an output selector. Then, the value of the SOTB11 register is transferred to the SIO11
register at the next rising (or falling) edge of SCK11, and shifted one bit. At the same time, the first bit of the receive
data is stored in the SIO11 register via the SI11 pin.
The second and subsequent bits are latched by the SIO11 register to the output latch at the next falling (or rising)
edge of SCK11, and the data is output from the SO11 pin.
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Figure 15-8. QOutput Operation of First Bit (2/2)

(c) Type 2: CKP11 =0, DAP11=1

SCK11

Writing to SOTB11 or | ‘
reading from SIO11

SOTB11

SI011

Output latch

x

so11 First Dit X 2ndbit 3rd bit

SCK11
Writing to SOTB11 or | ‘
reading from SIO11

SOTB11 X

x
S S -

so11 X First bit X 2nd bit X ard b

SI011

Output latch

The first bit is directly latched by the SOTB11 register at the falling edge of the write signal of the SOTB11 register or
the read signal of the SIO11 register, and output from the SO11 pin via an output selector. Then, the value of the
SOTBL11 register is transferred to the SIO11 register at the next falling (or rising) edge of SCK11, and shifted one bit.
At the same time, the first bit of the receive data is stored in the SIO11 register via the SI11 pin.

The second and subsequent bits are latched by the SIO11 register to the output latch at the next rising (or falling)
edge of SCK11, and the data is output from the SO11 pin.
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(4) Output value of SO11 pin (last bit)
After communication has been completed, the SO11 pin holds the output value of the last bit.

SCK11

Writing to SOTB11 or
reading from SI011

SOTB11
SIOo11
Qutput latch

SO11

SCK11

Writing to SOTB11 or
reading from SIO11

SOTB11

SI011

Output latch

SO11

(a) Type 1: CKP11=0, DAP11=0

Figure 15-9. Output Value of SO11 Pin (Last Bit) (1/2)

| | (— Next request is issued.)

A

Last bit

| ( « Next request is issued.)

Last bit
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Figure 15-9. Output Value of SO11 Pin (Last Bit) (2/2)

(c) Type 2: CKP11 =0, DAP11=1

SCK11 E

Writing to SOTB11 or

’ | | (< Next request is issued.)
reading from SIO11

SOTB11

Output latch

Slo11 X
SO11 ;

X
x
>:<

x
X

Last bit

(d) Type4: CKP11=1,DAP11=1

SCK11

Writing to SOTB11 or
reading from SI011

| ( « Next request is issued.)

SOTB11

Output latch

SI011 X

SO11

X
X

Last bit
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(5) SO11 output (refer to Figure 15-1)

The status of the SO11 output is as follows depending on the setting of CSIE11, TRMD11, DAP11, and DIR11.

Table 15-3. SO11 Output Status

CSIE11l TRMD11 DAP11 DIR11 S011 Output™*e*
CSIE11=0""*? | TRMD11 = Q"'*¢? - - Low level output™**®?
TRMD11 =1"°"**® | DAP11 =0 - Low level output
DAP11=1 DIR11=0 Value of bit 7 of SOTB11
DIR11=1 Value of bit 0 of SOTB11
CSIE1l1=1 TRMD11 =0 - - Low level output
TRMD11=1 - - Transmission data "¢ *
Notes 1. The actual output of the SO11 pin is determined according to PM37 and P37, as well as the SO11

Caution

output.

2. This is a status after reset.

3. Touse SO11/P37 as general-purpose port, set CSIC11 in the default status (O0H).
4. After transmission has been completed, the SO11 pin holds the output value of the last bit of

transmission data.

If a value is written to CSIE11, TRMD11, DAP11, and DIR11, the output value of SO11 changes.
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CHAPTER 16 MULTIPLIER

16.1 Functions of Multiplier

The multiplier is mounted onto all 78KO0/Fx2-L microcontroller products.
The multiplier has the following functions.

e Can execute calculation of 8 bits x 8 bits = 16 bits.

e Can execute calculation of 16 bits x 16 bits = 32 bits.

Figure 16-1 shows the block diagram of the multiplier.

Figure 16-1. Block Diagram of Multiplier

8 Internal bus 8
AV AV

Multiplication input data Multiplication input data
register A (MULA) register B (MULB)

32-bit multiplier

16-bit higher multiplication 16-bit lower multiplication result
result storage register (MULOH) storage register (MULOL)

S N
J 2
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16.2 Configuration of Multiplier

(1) 16-bit higher multiplication result storage register and 16-bit lower multiplication result storage register
(MULOH, MULOL)
These two registers, MULOH and MULOL, are used to store a 32-bit multiplication result.
In the case of multiplication of 8 bits by 8 bits, the 16 bits of the multiplication result are stored in MULOL.
In the case of multiplication of 16 bits by 16 bits, the higher 16 bits of the multiplication result are stored in MULOH
and the lower 16 bits, in MULOL, so that a total of 32 bits of the multiplication result can be stored.
These registers hold the result of multiplication after the lapse of one CPU clock.
MULOH and MULOL can be read by a 16-bit memory manipulation instruction.
Reset signal generation clears these registers to 0000H.

Figure 16-2. Format of 16-bit Higher Multiplication Result Storage Register and 16-bit Lower Multiplication Result
Storage Register (MULOH, MULOL)

Address: FF74H, FF75H  After reset: 0000H R
FF75H FF74H
A A

Symbol

MULOH

Address: FF76H, FF77H  After reset: 0000H R

Symbol FF77H FF76H
MULOL
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(2) Multiplication input data registers A, B (MULA, MULB)
These are 16-bit registers that store data for multiplication. The multiplier multiplies the values of MULA and
MULB.
MULA and MULB can be set by an 8-bit or 16-bit memory manipulation instruction.
Reset signal generation clears these registers to 0000H.

Caution In the case of multiplication of 8 bits by 8 bits, set the multiplied data to MULAL and MULBL.

Figure 16-3. Format of Multiplication Input Data Registers A, B (MULA, MULB)

Address: FF70H, FF71H  After reset: 0000H R/W

Symbol FF71H (}l\\/IULAH) FF70H sl\\AULAL)
MULA
Address: FF72H, FF73H  After reset: 0000H R/W
Symbol FF73H (}l\\/IULBH) FF72H Sl\\/IULBL)
MULB
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16.3 Operation of Multiplier

The result of the multiplication can be obtained by storing the values in the MULA and MULB registers and then reading
the MULOH and MULOL registers after waiting for 1 clock. The result can also be obtained after 1 clock or more has
elapsed, even when fixing either of MULA or MULB and rewrite the other of these. The result can be read without
problem, regardless of whether MULOH or MULOL is read in first.

A multiplication source example is shown below.

Example 1: Multiplication of 8 bits by 8 bits

MoV MULAL, #005H

MoV MULBL, #022H

NOP : 1 clock wait. Doesn't have to be NOP
MOVW AX, MJLOL ; Acquire multiplication result

Caution In Example 1, set the multiplied data to MULAL and MULBL.

Example 2: Multiplication of 16 bits by 16 bits (using the MOVW instruction for setting the multiplication data)

MOVW MULA, #1234H

MOVW MULB, #5678H

NOP ; 1 clock wait. Doesn’t have to be NOP
MOVW AX, MJILOH ; The result obtained on upper side
PUSH AX

MOVW AX, MJLOL : The result obtained on lower side

Example 3: Multiplication of 16 bits by 16 bits (using the MOV instruction for setting the multiplication data)

MoV MULAL, #034H

MoV MULAH, #012H

MoV MJULBL, #078H

MoV MULBH, #056H

NOP ; 1 clock wait. Doesn’t have to be NOP
MOVW AX, MJILOH ; The result obtained on upper side
PUSH AX

MOVW AX, MJLOL : The result obtained on lower side

Caution In Example 3, set the higher 8 bits of the multiplied data to MULAH/MULBH after setting the lower 8
bits to MULAL/MULBL. When the higher 8 bits of the multiplied data are the same value and only the
lower 8 bits are to be changed, set the changed value to MULAL/MULBL and re-set the same value to
MULAH/MULBH.
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CHAPTER 17 INTERRUPT FUNCTIONS

Item

Maskable | External

interrupts

78KO0/FY2-L (16 Pins) | 78KO0/FA2-L (20 Pins) | 78KO0/FB2-L (30 Pins)
3 7 9
Internal |11 11 13

17.1 Interrupt Function Types

The following two types of interrupt functions are used.

(1) Maskable interrupts

These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group and a

low interrupt priority group by setting the priority specification flag registers (PROL, PROH, PR1L, PR1H).

Multiple interrupt servicing can be applied to low-priority interrupts when high-priority interrupts are generated. If two

or more interrupt requests, each having the same priority, are simultaneously generated, then they are processed

according to the priority of vectored interrupt servicing. For the priority order, refer to Table 17-1.
A standby release signal is generated and STOP and HALT modes are released.
External interrupt requests and internal interrupt requests are provided as maskable interrupts.

(2) Software interrupt

This is a vectored interrupt generated by executing the BRK instruction. It is acknowledged even when interrupts are

disabled. The software interrupt does not undergo interrupt priority control.

17.2 Interrupt Sources and Configuration

The interrupt sources consist of maskable interrupts and software interrupts.

reset sources (refer to Table 17-1).

In addition, they also have up to four
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Table 17-1. Interrupt Source List (1/2)
Interrupt | Internal/ Basic Default Interrupt Source Vector [FY2-L|FA2-L|FB2-L
Type |External Configti‘retitii)n PriorityNme Name Trigger Table | 46 20 30
Type Address | pins | pins | Pins
Maskable |Internal (A) 0 INTLVI Low-voltage detection™°'* 0004H | N N
External (B) 1 INTPO Pin input edge detection 0006H | \ v
2 INTP1 0008H | J x/
3 INTP2 000AH | - J y
4 INTP3 000CH | - J x/
5 INTP4 000EH | - - v
6 INTP5 0010H | - - y
Internal A) 7 INTSRE6 |UARTS6 reception error generation 0012H | S v
8 INTSR6  |End of UART6 reception 0014H | \ v
9 INTST6  |End of UART6 transmission 0016H | \/ v
10 INTCSI11 |End of CSI11 communication 0018H - - v
11 [INTTMH1 [Match between TMH1 and CMPO1 (when | 001AH [ \ v
compare register is specified)
12 [INTTMXO [Match between TMXO counter and 001CH | J y
TXOCR1 or TXOCR3 (when compare
register is specified)
13 INTTMX1 [Match between TMX1 counter and 001EH - - v
TX1CR1 or TX1CR3 (when compare
register is specified)
14 |INTTMOOO |Match between TMOO and CRO00 0020H | J x/
(when compare register is specified),
TI010 pin valid edge detection
(when capture register is specified)
15 [INTTMO10 [Match between TM0O and CR010 0022H | J y
(when compare register is specified),
TI000 pin valid edge detection
(when capture register is specified)
16 INTAD End of A/D conversion 0024H
17  |INTTM51 |Match between TM51 and CR51 (when | 002AH J y
Note 4 compare register is specified)
External (B) 18  |[INTCMPO |Comparator O edge detection 002CH | - \ v
19  [INTCMP1 |Comparator 1 edge detection 002EH | - S v
20  |[INTCMP2 |Comparator 2 edge detection 0030H S v
Internal A 21 [INTIICAO |End of ICA communication 0034H S v
Notes 1. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 17-1.
2. The default priority determines the sequence of processing vectored interrupts if two or more maskable
interrupts occur simultaneously. Zero indicates the highest priority and 21 indicates the lowest priority.
3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is cleared to 0.
4. When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is generated upon the

timing when the INTTM5H1 signal is generated (refer to Figure 9-11 Transfer Timing).
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Table 17-1. Interrupt Source List (2/2)
Interrupt | Internal/ Basic Default Interrupt Source Vector [FY2-L|FA2-L|FB2-L
. . . .. Note
Type |External | Configuration | Priority™" Name Trigger Table 16 20 30
Type™*** ’ Address | pins | pins | Pins
Software - (©) - BRK BRK instruction execution 003EH | S v
Reset - - - RESET  |Reset input 0000H | S v
POC Power-on clear
LVI Low-voltage detection"°®*
WDT WDT overflow
Notes 1. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 17-1.
2. The default priority determines the sequence of processing vectored interrupts if two or more maskable
interrupts occur simultaneously. Zero indicates the highest priority and 21 indicates the lowest priority.
3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 1.
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Figure 17-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal maskable interrupt

)

Internal bus

Interrupt
request

IE PR

ISP

— F

D

%

’J

Priority controller

Vector table

address generator

(B) External maskable interrupt (INTPm, INTCMPO to INTCMP2)

Standby release signal

S Internal bus S
External interrupt edge
enable register MK IE PR ISP
(EGPCTLO, EGNCTLO,
EGPCTL1, EGNCTL1)
. Vector table
Interrupt Edge IE Priority controller address generator
request detector
Standby release signal
Remark m=0, 1: 78KO/FY2-L
m=0to 3: 78KO/FA2-L
m=0to5: 78K0/FB2-L
IF: Interrupt request flag
IE: Interrupt enable flag
ISP:  In-service priority flag
MK:  Interrupt mask flag
PR:  Priority specification flag
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Figure 17-1. Basic Configuration of Interrupt Function (2/2)

(C) Software interrupt

S Internal bus S

Interrupt Priority controller Vector table
request address generator
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17.3 Registers Controlling Interrupt Functions

The following 7 types of registers are used to control the interrupt functions.

o |Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H)
e Interrupt mask flag registers (MKOL, MKOH, MK1L, MK1H)

o Priority specification flag registers (PROL, PROH, PR1L, PR1H)
e Port alternate switch control registers (MUXSEL)
e External interrupt rising edge enable registers (EGPCTLO, EGPCTL1)
e External interrupt falling edge enable registers (EGNCTLO, EGNCTL1)
e Program status word (PSW)

Table 17-2 shows a list of interrupt request flags, interrupt mask flags, and priority specification flags corresponding to
interrupt request sources.

Table 17-2. Flags Corresponding to Interrupt Request Sources

FY2 | FA2 | FB2 Interrupt Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
L]L]-t Source Register Register Register
16 | 20 | 30
Pins | Pins | Pins

NI NN [INTLVI LVIIF IFOL LVIMK MKOL  [LVIPR PROL
N | N | A ]INTPO PIFO PMKO PPRO

NI NN [INTPL PIF1 PMK1 PPR1

- | v | N |INTP2 PIF2 PMK2 PPR2

- | v | N |INTP3 PIF3 PMK3 PPR3

- | = | ¥ |INTP4 PIF4 PMK4 PPR4

- | = | N |INTP5 PIF5 PMK5 PPR5

v | ¥ | ¥ [INTSRE6 SREIF6 SREMK6 SREPR6

N | v | v |INTSR6 SRIF6 IFOH SRMK6 MKOH |SRPR6 PROH
N | v |V [INTSTE STIF6 STMK6 STPR6

- | = | ¥ |INTCSI11 CSIIF11 CSIMK11 CSIPR11

N | N | A JINTTMHL TMIFH1 TMMKH1 TMPRH1

N[ N | N [INTTMXO TMIFXO0 TMMKXO0 TMPRXO0

- | = | ¥ JINTTMX1 TMIFX1 TMMKX1 TMPRX1

N | ¥ | ¥ [INTTMOOO |TMIFO00 TMMKO00 TMPRO000

N | v | A ]INTTMO10 | TMIFO10 TMMKO010 TMPRO010

N | v | N |INTAD ADIF IF1L ADMK MK1L |ADPR PR1L
VoI V| Y [INTTMBEIN® | TMIFSL TMMK51 TMPR51

- | v | N |INTCMPO CMPIFO CMPMKO CMPPRO

- | v | ¥ [iINTCMPL CMPIF1 CMPMK1 CMPPR1

N | v [INTCMP2 CMPIF2 CMPMK2 CMPPR2
v | ¥ [INTuCAO IICAIFO IF1H [ICAMKO MK1H |IICAPRO PR1H
Note When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is generated upon the

timing when the INTTM5H1 signal is generated (refer to Figure 9-11 Transfer Timing).
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(1) Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H)
The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction is
executed. They are cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request or
upon reset signal generation.
When an interrupt is acknowledged, the interrupt request flag is automatically cleared and then the interrupt routine is
entered.
IFOL, IFOH, IF1L, and IF1H are set by a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH, and
IF1L and IF1H are combined to form 16-bit registers IFO and IF1, they are set by a 16-bit memory manipulation
instruction.
Reset signal generation clears these registers to O0H.

Cautions 1. When operating a timer, serial interface, or A/D converter after standby release, operate it once

after clearing the interrupt request flag. An interrupt request flag may be set by noise.
2. When manipulating a flag of the interrupt request flag register, use a 1-bit memory manipulation

instruction (CLR1). When describing in C language, use a bit manipulation instruction such as
“IFOL.0 = 0;” or “_asm(“clrl IFOL, 0");" because the compiled assembler must be a 1-bit memory
manipulation instruction (CLR1).
If a program is described in C language using an 8-bit memory manipulation instruction such as
“IFOL &= Oxfe;” and compiled, it becomes the assembler of three instructions.

mov a, IFOL
and a, #OFEH
mov IFOL, a

In this case, even if the request flag of another bit of the same interrupt request flag register
(IFOL) is set to 1 at the timing between “mov a, IFOL” and “mov IFOL, &", the flag is cleared to O at
“mov IFOL, a”. Therefore, care must be exercised when using an 8-bit memory manipulation
instruction in C language.
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Figure 17-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L, IF1H) (78K0/FY2-L)

Address: FFEOH  After reset: 00H R/W

Symbol <7> 6 5 4 3 <2> <1> <0>
IFOL SREIF6 0 0 0 0 PIF1 PIFO LVIIF
Address: FFE1H Afterreset: 0O0H R/W
Symbol <7> <6> 5 <4> <3> 2 <1> <0>
IFOH TMIF010 TMIF000 0 TMIFX0 TMIFH1 0 STIF6 SRIF6
Address: FFE2H  After reset: 00H R/W
Symbol 7 <6> 5 4 <3> 2 1 <0>
IF1L 0 CMPIF2 0 0 TMIF51 0 0 ADIF
Address: FFE3H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 <0>
IF1H 0 0 0 0 0 0 0 IICAIFO
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Caution Be sure to clear bits 3 to 6 of IFOL, bits 2 and 5 of IFOH, bits 1, 2, 4, 5 and 7 of IF1L, and bits 1 to 7 of
IF1H to 0.
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Figure 17-3. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L, IF1H) (78K0/FA2-L)

Address: FFEOH  After reset: 00H R/W

Symbol <7> 6 5 <4> <3> <2> <1> <0>

IFOL SREIF6 0 0 PIF3 PIF2 PIF1 PIFO LVIIF
Address: FFE1H Afterreset: 0O0H R/W

Symbol <7> <6> 5 <4> <3> 2 <1> <0>

IFOH TMIF010 TMIF000 0 TMIFX0 TMIFH1 0 STIF6 SRIF6
Address: FFE2H  After reset: 00H R/W

Symbol 7 <6> <5> <4> <3> 2 1 <0>

IF1L 0 CMPIF2 CMPIF1 CMPIFO TMIF51 0 0 ADIF
Address: FFE3H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>

IF1H 0 0 0 0 0 0 0 IICAIFO

XXIFX Interrupt request flag
0 No interrupt request signal is generated

Caution

Interrupt request is generated, interrupt request status

Be sure to clear bits 5 and 6 of IFOL, bits 2 and 5 of IFOH, bits 1, 2, and 7 of IF1L, and bits 1 to 7 of

IF1H to 0.

RO1UHO068EJ0203 Rev.2.03
Jun 29, 2012

RENESAS

537



78K0/Fx2-L CHAPTER 17

INTERRUPT FUNCTIONS

Figure 17-4. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L, IF1H) (78K0/FB2-L)

Address: FFEOH  After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IFOL SREIF6 PIF5 PIF4 PIF3 PIF2 PIF1 PIFO LVIIF
Address: FFE1H Afterreset: 0O0H R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IFOH TMIFO10 TMIF000 TMIFX1 TMIFX0 TMIFH1 CSIIF11 STIF6 SRIF6
Address: FFE2H  After reset: 00H R/W
Symbol 7 <6> <5> <4> <3> 2 1 <0>
IF1L 0 CMPIF2 CMPIF1 CMPIFO TMIF51 0 0 ADIF
Address: FFE3H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 <0>
IF1H 0 0 0 0 0 0 0 IICAIFO
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Caution Be sure to clear bits 1, 2, and 7 of IF1L, and bits 1 to 7 of IF1H to O.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L, MK1H)
The interrupt mask flags are used to enable/disable the corresponding maskable interrupt servicing.
MKOL, MKOH, MK1L, and MK1H are set by a 1-hit or 8-bit memory manipulation instruction. When MKOL and MKOH,
and MK1L and MK1H are combined to form 16-bit registers MKO and MK1, they are set by a 16-bit memory
manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 17-5. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L, MK1H) (78KO0/FY2-L)

Address: FFE4H  Afterreset: FFH R/W
Symbol <7> 6 5 4 3 <2> <1> <0>

MKOL SREMK®6 1

=
=
=

PMK1 PMKO LVIMK

Address: FFE5H  Afterreset: FFH R/W
Symbol <7> <6> 5 <4> <3> 2 <1> <0>

MKOH TMMKO010 | TMMKOO00

=

TMMKXO0 TMMKH1 1 STMKG6 SRMKG6

Address: FFE6H  After reset: FFH R/W
Symbol 7 <6> 5 4 <3> 2 1 <0>

MK1L 1 CMPMK2

[
[En

TMMK51

[En
[En

ADMK

Address: FFE7H  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 <0>
MK1H 1 1 1 1 1 1 1 IICAMKO
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Caution Be sure to set bits 3 to 6 of MKOL, bits 2 and 5 of MKOH, bits 1, 2, 4, 5 and 7 of MK1L, and bits 1to 7
of MK1H to 1.
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Figure 17-6. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK 1L, MK1H) (78K0/FA2-L)

Address: FFE4H  Afterreset: FFH R/W

Symbol <7> 6 5 <4> <3> <2> <1> <0>
MKOL SREMK6 1 1 PMK3 PMK2 PMK1 PMKO LVIMK
Address: FFE5H  After reset: FFH R/W
Symbol <7> <6> 5 <4> <3> 2 <1> <0>
MKOH TMMKO010 | TMMKO000 1 TMMKX0 | TMMKH1 1 STMK6 SRMK6
Address: FFE6H  After reset: FFH R/W
Symbol 7 <6> <5> <4> <3> 2 1 <0>
MK1L 1 CMPMK2 | CMPMK1 | CMPMKO | TMMK51 1 1 ADMK
Address: FFE7H  Afterreset: FFH R/W
Symbol 7 6 5 4 3 2 1 <0>
MK1H 1 1 1 1 1 1 1 IICAMKO
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Caution Be sure to set bits 5 and 6 of MKOL, bits 2 and 5 of MKOH, bits 1, 2, and 7 of MK1L, and bits 1 to 7 of
MK1H to 1.
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Figure 17-7. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK 1L, MK1H) (78K0/FB2-L)

Address: FFE4H  Afterreset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MKOL SREMK®6 PMK5 PMK4 PMK3 PMK2 PMK1 PMKO LVIMK
Address: FFE5H  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MKOH TMMKO010 | TMMKOOO | TMMKX1 | TMMKX0O | TMMKH1 | CSIMK11 STMK6 SRMK6
Address: FFE6H  After reset: FFH R/W
Symbol 7 <6> <5> <4> <3> 2 1 <0>
MK1L 1 CMPMK2 | CMPMK1 | CMPMKO | TMMK51 1 1 ADMK
Address: FFE7H  Afterreset: FFH R/W
Symbol 7 6 5 4 3 2 1 <0>
MK1H 1 1 1 1 1 1 1 IICAMKO
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Caution Be sureto set bits 1, 2, and 7 of MK1L, and bits 1 to 7 of MK1H to 1.
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(3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)
The priority specification flag registers are used to set the corresponding maskable interrupt priority order.
PROL, PROH, PR1L, and PR1H are set by a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH, and
PR1L and PR1H are combined to form 16-bit registers PRO and PR1, they are set by a 16-bit memory manipulation
instruction.
Reset signal generation sets these registers to FFH.

Figure 17-8. Format of Priority Specification Flag Registers (PROL, PROH, PR1L, PR1H) (78K0/FY2-L)

Address: FFE8H  Afterreset: FFH R/W
Symbol <7> 6 5 4 3 <2> <1> <0>

PROL SREPR6 1

=
=
=

PPR1 PPRO LVIPR

Address: FFE9H  Afterreset: FFH R/W
Symbol <7> <6> 5 <4> <3> 2 <1> <0>

PROH TMPRO010 | TMPROOO 1 TMPRXO0 TMPRH1 1 STPR6 SRPR6

Address: FFEAH  After reset: FFH R/W
Symbol 7 <6> 5 4 <3> 2 1 <0>

PRI1L 1 CMPPR2

[En
[EnY

TMPR51

[En
[En

ADPR

Address: FFEBH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 <0>
PR1H 1 1 1 1 1 1 1 IICAPRO
XXPRX Priority level selection
0 High priority level
1 Low priority level

Caution Be sure to set bits 3to 6 of PROL, bits 2 and 5 of PROH, bits 1, 2, 4, 5 and 7 of PR1L, and bits 1 to 7 of
PR1H to 1.
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Figure 17-9. Format of Priority Specification Flag Registers (PROL, PROH, PR1L, PR1H) (78K0/FA2-L)

Address: FFE8H  Afterreset: FFH R/W

Symbol <7> 6 5 <4> <3> <2> <1> <0>
PROL SREPRG6 1 1 PPR3 PPR2 PPR1 PPRO LVIPR
Address: FFE9H  After reset: FFH R/W
Symbol <7> <6> 5 <4> <3> 2 <1> <0>
PROH TMPR010 | TMPRO0OO 1 TMPRXO0 TMPRH1 1 STPR6 SRPR6
Address: FFEAH Afterreset: FFH R/W
Symbol 7 <6> <5> <4> <3> 2 1 <0>
PR1L 1 CMPPR2 | CMPPR1 | CMPPRO TMPR51 1 1 ADPR
Address: FFEBH  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 <0>
PR1H 1 1 1 1 1 1 1 IICAPRO
XXPRX Priority level selection
0 High priority level
1 Low priority level

Caution Be sure to set bits 5 and 6 of PROL, bits 2 and 5 of PROH, bits 1, 2, and 7 of PR1L, and bits 1 to 7 of
PR1H to 1.
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Figure 17-10. Format of Priority Specification Flag Registers (PROL, PROH, PR1L, PR1H) (78K0/FB2-L)

Address: FFE8H  Afterreset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

PROL SREPR6 PPR5 PPR4 PPR3 PPR2 PPR1 PPRO LVIPR

Address: FFE9H  Afterreset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

PROH TMPRO010 | TMPROOO | TMPRX1 TMPRXO0 TMPRH1 CSIPR11 STPR6 SRPR6

Address: FFEAH  Afterreset: FFH R/W
Symbol 7 <6> <5> <4> <3> 2 1 <0>

PRIL 1 CMPPR2 CMPPR1 CMPPRO TMPR51

[y
[y

ADPR

Address: FFEBH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 <0>
PR1H 1 1 1 1 1 1 1 IICAPRO
XXPRX Priority level selection
0 High priority level
1 Low priority level
Caution Be sure to set bits 1, 2, and 7 of PR1L, and bits 1to 7 of PR1H to 1.
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(4) Port alternate switch control register (MUXSEL)
This register assigns the pin function.
The interrupt input (INTPO) function can be assigned to the P121 pin of the 78K0/FB2-L.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears MUXSEL to O0H.

Caution 78KO0/FB2-L only

Figure 17-11. Format of Port Alternate Switch Control Register (MUXSEL)

Address: FF39H  Afterreset: 00H R/W

Symbol 7 <6> 5 <4> 3 2 1
MUXSEL 0 INTPOSELO 0 TMOOSELO 0 0 0
INTPOSELO External interrupt input (INTPO) pin assignment
0 (Default)
1 P121/INTPO
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(5) External interrupt rising edge enable registers (EGPCTLO, EGPCTL1), external interrupt falling edge enable
registers (EGNCTLO, EGNCTL1)
EGPCTLO, EGPCTL1, EGNCTLO, and EGNCTL1 are the registers that set the INTPm and INTCMPO to INTCMP2
valid edges.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0H.

Remark m=0,1: 78KO0O/FY2-L

m=0to 3: 78K0O/FA2-L
m=0to5: 78K0/FB2-L

Figure 17-12. Format of External Interrupt Rising Edge Enable Registers (EGPCTLO, EGPCTL1)
and External Interrupt Falling Edge Enable Registers (EGNCTLO, EGNCTL1) (1/3)

(a) 78KO/FY2-L

Address: FF48H  Afterreset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

EGPCTLO 0 0 0 0 0

o

EGP1 EGPO

Address: FF49H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

EGNCTLO 0 0 0 0 0

o

EGN1 EGNO

Address: FF4AH  Afterreset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

EGPCTL1 0 0 0 0 0 0 0 EGP8

Address: FF4BH Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGNCTL1 0 0 0 0 0 0 0 EGN8
EGPn EGNn INTPm and INTCMP2 valid edge selection
0 0 Edge detection disabled
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges

Caution Be sure to clear bits 2to 7 of EGPCTLO and EGNCTLO to 0 in the 78K0/FY2-L.

Remark n=0,1,8
m=0,1
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Figure 17-12. Format of External Interrupt Rising Edge Enable Registers (EGPCTLO, EGPCTL1)
and External Interrupt Falling Edge Enable Registers (EGNCTLO, EGNCTL1) (2/3)

(b) 78KO/FA2-L

Address: FF48H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGPCTLO EGP7 EGP6 0 0 EGP3 EGP2 EGP1 EGPO
Address: FF49H  Afterreset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGNCTLO EGN7 EGN6 0 0 EGN3 EGN2 EGN1 EGNO
Address: FF4AH  Afterreset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGPCTL1 0 0 0 0 0 0 0 EGP8
Address: FF4BH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGNCTL1 0 0 0 0 0 0 0 EGN8
EGPn EGNn INTPm and INTCMPO to INTCMP2 valid edge selection

0 0 Edge detection disabled

0 1 Falling edge

1 0 Rising edge

1 1 Both rising and falling edges

Caution Be sure to clear bits 4 and 5 of EGPCTLO and EGNCTLO to 0 in the 78K0/FA2-L.

Remark n=0-3, 6-8
m = 0-3
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Figure 17-12. Format of External Interrupt Rising Edge Enable Registers (EGPCTLO, EGPCTL1)
and External Interrupt Falling Edge Enable Registers (EGNCTLO, EGNCTL1) (3/3)

(c) 78KO/FB2-L

Address: FF48H  Afterreset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

EGPCTLO EGP7 EGP6 EGP5 EGP4 EGP3 EGP2 EGP1 EGPO

Address: FF49H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

EGNCTLO EGN7 EGNG6 EGN5 EGN4 EGN3 EGN2 EGN1 EGNO

Address: FF4AH  Afterreset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

EGPCTL1 0 0 0 0 0 0 0 EGP8

Address: FF4BH  After reset: 0O0OH R/W

Symbol 7 6 5 4 3 2 1 0
EGNCTL1 0 0 0 0 0 0 0 EGN8
EGPn EGNn INTPm and INTCMPO to INTCMP2 valid edge selection
0 0 Edge detection disabled
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges

Caution Be sure to clear bits 1to 7 of EGPCTL1 and EGNCTL1 to 0 in the 78KO0/FB2-L.

Remark n=0to8
m=0to5
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Table 17-3 shows the ports corresponding to EGPn and EGNn.

Table 17-3. Ports Corresponding to EGPn and EGNn

(a) 78KO/FY2-L

Detection Enable Bit

Edge Detection

Interrupt Request

Signal Signal
EGPO EGNO POO0 pin input INTPO
EGP1 EGN1 P30 pin input INTP1
EGP8 EGN8 CMP2 output INTCMP2

(b) 78KO/FA2-L
Detection Enable Bit Edge Detection | Interrupt Request

Signal Signal
EGPO EGNO P00 pin input INTPO
EGP1 EGN1 P30 pin input INTP1
EGP2 EGN2 P31 pin input INTP2
EGP3 EGN3 P32 pin input INTP3
EGP6 EGN6 CMPO output INTCMPO
EGP7 EGN7 CMP1 output INTCMP1
EGPS8 EGN8 CMP2 output INTCMP2

(c) 78KO/FB2-L
Detection Enable Bit Edge Detection | Interrupt Request

Signal Signal

EGPO EGNO P00 or P121 pin | INTPO
inputNote

EGP1 EGN1 P30 pin input INTP1
EGP2 EGN2 P31 pin input INTP2
EGP3 EGN3 P32 pin input INTP3
EGP4 EGN4 P34 pin input INTP4
EGP5 EGN5 P02 pin input INTP5
EGP6 EGN6 CMPO output INTCMPO
EGP7 EGN7 CMP1 output INTCMP1
EGPS8 EGN8 CMP2 output INTCMP2

Note The pin functions can be assigned by setting the port alternate switch control register (MUXSEL).

Caution Select the port mode by clearing EGPn and EGNn to 0 because an edge may be detected when the
external interrupt function is switched to the port function.

Remark n=0,1,8: 78KO0/FY2-L
n=0to 3, 6to8: 78K0O/FA2-L
n=0to 8: 78KO0/FB2-L
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(5) Program status word (PSW)
The program status word is a register used to hold the instruction execution result and the current status for an
interrupt request. The IE flag that sets maskable interrupt enable/disable and the ISP flag that controls multiple

interrupt servicing are mapped to the PSW.

Besides 8-bit read/write, this register can carry out operations using bit manipulation instructions and dedicated
instructions (El and DI). When a vectored interrupt request is acknowledged, if the BRK instruction is executed, the
contents of the PSW are automatically saved into a stack and the IE flag is reset to 0. If a maskable interrupt request
is acknowledged, the contents of the priority specification flag of the acknowledged interrupt are transferred to the ISP
flag. The PSW contents are also saved into the stack with the PUSH PSW instruction. They are restored from the
stack with the RETI, RETB, and POP PSW instructions.

Reset signal generation sets PSW to 02H.

Figure 17-13. Format of Program Status Word

<7> <6> <5> <4> <3> <1> 0 After reset
PSW| IE Z |RBS1| AC |RBSO ISP CcY 02H
‘ ‘ ‘ ‘ Used when normal instruction is executed
ISP Priority of interrupt currently being serviced

0 | High-priority interrupt servicing (low-priority
interrupt disabled)

1 Interrupt request not acknowledged, or low-
priority interrupt servicing (all maskable
interrupts enabled)

IE Interrupt request acknowledgment enable/disable

0 Disabled

1 Enabled
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17.4 Interrupt Servicing Operations

17.4.1 Maskable interrupt acknowledgment

A maskable interrupt becomes acknowledgeable when the interrupt request flag is set to 1 and the mask (MK) flag
corresponding to that interrupt request is cleared to 0. A vectored interrupt request is acknowledged if interrupts are in the
interrupt enabled state (when the IE flag is set to 1). However, a low-priority interrupt request is not acknowledged during
servicing of a higher priority interrupt request (when the ISP flag is reset to 0).

The times from generation of a maskable interrupt request until vectored interrupt servicing is performed are listed in
Table 17-4 below.

For the interrupt request acknowledgment timing, refer to Figures 17-15 and 17-16.

Table 17-4. Time from Generation of Maskable Interrupt Request Until Servicing

Minimum Time Maximum Time"°'®
When xxPR =0 7 clocks 32 clocks
When xxPR = 1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time becomes longer.
Remark 1 clock: 1/fcpu (fcpu: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request with a higher priority level
specified in the priority specification flag is acknowledged first. If two or more interrupts requests have the same priority
level, the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 17-14 shows the interrupt request acknowledgment algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then PC,
the IE flag is reset (0), and the contents of the priority specification flag corresponding to the acknowledged interrupt are
transferred to the ISP flag. The vector table data determined for each interrupt request is the loaded into the PC and
branched.

Restoring from an interrupt is possible by using the RETI instruction.
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Figure 17-14. Interrupt Request Acknowledgment Processing Algorithm

Yes (interrupt request generation)

No

(Interrupt request held pending)

Yes (High priority)

No (Low priority)

Any high-priority

Yes interrupt request among those — Any high-priority
simultaneously generated interrupt request among Yes
with xxPR = 0? those simultaneously generated
with xxPR = 02

(Interrupt request held pending)

(Interrupt request held pending)

Any high-priority v
Interrupt request among €s
hose simultaneously
generated?,

(Interrupt request held pending)

(Interrupt request held pending)

. L No
C Vectored interrupt servicing )

ves (Interrupt request held pending)

No

Y
es (Interrupt request held pending)

( Vectored interrupt servicing )

xxIF: Interrupt request flag

xxMK: Interrupt mask flag

xxPR: Priority specification flag

IE: Flag that controls acknowledgment of maskable interrupt request (1 = Enable, 0 = Disable)

ISP:  Flag that indicates the priority level of the interrupt currently being serviced (0 = high-priority interrupt servicing,
1 = No interrupt request acknowledged, or low-priority interrupt servicing)
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CPU processing

Figure 17-15. Interrupt Request Acknowledgment Timing (Minimum Time)

6 clocks

Instruction

Instruction

PSW and PC saved,
jump to interrupt

Interrupt servicing
program

o [TTTTTTITIT \,
|
! 8 clocks
" [TIYITITITT
|
! 7 clocks

Remark 1 clock: 1/fcpu (fcru: CPU clock)

25 clocks

Figure 17-16. Interrupt Request Acknowledgment Timing (Maximum Time)

6 clocks

PSW and PC saved,

Interrupt servicing

CPU processing Instruction Divide instruction j;lerp\ﬁ cti?](i]ntermpt program
AR
(PR 2 1) [T /\/{/ [ ] L,
|
! 33 clocks !
(PR 0) [ [ ] /\/\// [T L,
| |
! 32 clocks

Remark 1 clock: 1/fcpu (fcpru: CPU clock)

17.4.2 Software interrupt request acknowledgment

A software interrupt acknowledge is acknowledged by BRK instruction execution. Software interrupts cannot be
disabled.

If a software interrupt request is acknowledged, the contents are saved into the stacks in the order of the program
status word (PSW), then program counter (PC), the IE flag is reset (0), and the contents of the vector table (003EH,
003FH) are loaded into the PC and branched.

Restoring from a software interrupt is possible by using the RETB instruction.

Caution Do not use the RETI instruction for restoring from the software interrupt.
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17.4.3 Multiple interrupt servicing

Multiple interrupt servicing occurs when another interrupt request is acknowledged during execution of an interrupt.

Multiple interrupt servicing does not occur unless the interrupt request acknowledgment enabled state is selected (IE =
1). When an interrupt request is acknowledged, interrupt request acknowledgment becomes disabled (IE = 0). Therefore,
to enable multiple interrupt servicing, it is necessary to set (1) the IE flag with the El instruction during interrupt servicing to
enable interrupt acknowledgment.

Moreover, even if interrupts are enabled, multiple interrupt servicing may not be enabled, this being subject to interrupt
priority control. Two types of priority control are available: default priority control and programmable priority control.
Programmable priority control is used for multiple interrupt servicing.

In the interrupt enabled state, if an interrupt request with a priority equal to or higher than that of the interrupt currently
being serviced is generated, it is acknowledged for multiple interrupt servicing. If an interrupt with a priority lower than that
of the interrupt currently being serviced is generated during interrupt servicing, it is not acknowledged for multiple interrupt
servicing. Interrupt requests that are not enabled because interrupts are in the interrupt disabled state or because they
have a lower priority are held pending. When servicing of the current interrupt ends, the pending interrupt request is
acknowledged following execution of at least one main processing instruction execution.

Table 17-5 shows relationship between interrupt requests enabled for multiple interrupt servicing and Figure 17-17
shows multiple interrupt servicing examples.

Table 17-5. Relationship Between Interrupt Requests Enabled for Multiple Interrupt Servicing
During Interrupt Servicing

Multiple Interrupt Request Maskable Interrupt Request Software
PR=0 PR=1 Interrupt
. . Request
Interrupt Being Serviced IE=1 IE=0 IE=1 IE=0
Maskable interrupt ISP=0 O X X X O
ISP=1 O X O X O
Software interrupt O X O X O

Remarks 1. O: Multiple interrupt servicing enabled

2. x: Multiple interrupt servicing disabled

3. ISP and IE are flags contained in the PSW.
ISP = 0: An interrupt with higher priority is being serviced.
ISP = 1: No interrupt request has been acknowledged, or an interrupt with a lower priority is

being serviced.

IE =0: Interrupt request acknowledgment is disabled.
IE=1: Interrupt request acknowledgment is enabled.

4. PRis aflag contained in PROL, PROH, PR1L, and PR1H.
PR = 0: Higher priority level
PR = 1: Lower priority level
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Figure 17-17. Examples of Multiple Interrupt Servicing (1/2)

Example 1. Multiple interrupt servicing occurs twice

Main processing INTxx servicing INTyy servicing INTzz servicing

E;:l E=0 |_T|_| IE=0 E E=0

INTXX —= INTyy —= INTzz —
(PR=1) (PR =0) (PR=0)

IE=1
IE=1 | RETI | IE=1 | RETI

During servicing of interrupt INTxx, two interrupt requests, INTyy and INTzz, are acknowledged, and multiple interrupt
servicing takes place. Before each interrupt request is acknowledged, the El instruction must always be issued to enable
interrupt request acknowledgment.

Example 2. Multiple interrupt servicing does not occur due to priority control

Main processing INTxx servicing INTyy servicing

En

INTXX —»
(PR=0)

Interrupt request INTyy issued during servicing of interrupt INTxx is not acknowledged because its priority is lower than
that of INTxx, and multiple interrupt servicing does not take place. The INTyy interrupt request is held pending, and is
acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
PR = 1: Lower priority level
IE =0: Interrupt request acknowledgment disabled
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Figure 17-17. Examples of Multiple Interrupt Servicing (2/2)

Example 3. Multiple interrupt servicing does not occur because interrupts are not enabled

Main processing INTxx servicing INTyy servicing

INTXX —» (PR=0)
(PR = 0) RETI

1 instruction execution

Interrupts are not enabled during servicing of interrupt INTxx (El instruction is not issued), therefore, interrupt request
INTyy is not acknowledged and multiple interrupt servicing does not take place. The INTyy interrupt request is held
pending, and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
IE =0: Interrupt request acknowledgment disabled
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17.4.4 Interrupt request hold

There are instructions where, even if an interrupt request is issued for them while another instruction is being executed,
request acknowledgment is held pending until the end of execution of the next instruction. These instructions (interrupt
request hold instructions) are listed below.

e MOV PSW, #byte

e MOV A, PSW

e MOV PSW, A

e MOV1PSW. bit, CY

e MOV1CY, PSW. bit

e AND1 CY, PSW. bit

e ORL1CY, PSW. bit

e XOR1 CY, PSW. hit

e SET1 PSW. bit

e CLR1 PSW. hit

e RETB

e RETI

e PUSH PSW

e POP PSW

e BT PSW. bit, $addr16

e BF PSW. bit, $addr16

e BTCLR PSW. bit, $addr16

o EI

e DI

e Manipulation instructions for the IFOL, IFOH, IF1L, IF1H, MKOL, MKOH, MK1L, MK1H, PROL, PROH, PR1L, and
PR1H registers.

Caution The BRK instruction is not one of the above-listed interrupt request hold instructions. However, the
software interrupt activated by executing the BRK instruction causes the IE flag to be cleared.
Therefore, even if a maskable interrupt request is generated during execution of the BRK instruction,
the interrupt request is not acknowledged.

Figure 17-18 shows the timing at which interrupt requests are held pending.

Figure 17-18. Interrupt Request Hold

PSW and PC saved, jump | Interrupt servicing
to interrupt servicing program

sxIF J \

Remarks 1. Instruction N: Interrupt request hold instruction

CPU processing Instruction N Instruction M

2. Instruction M: Instruction other than interrupt request hold instruction
3. The xxPR (priority level) values do not affect the operation of xxIF (interrupt request).
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CHAPTER 18 STANDBY FUNCTION

18.1 Standby Function and Configuration

18.1.1 Standby function
The standby function is mounted onto all 78K0/Fx2-L microcontroller products.
The standby function is designed to reduce the operating current of the system. The following two modes are available.

(1) HALT mode
HALT instruction execution sets the HALT mode. In the HALT mode, the CPU operation clock is stopped. If the high-
speed system clock oscillator, internal high-speed oscillator, or internal low-speed oscillator is operating before the
HALT mode is set, oscillation of each clock continues. In this mode, the operating current is not decreased as much
as in the STOP mode, but the HALT mode is effective for restarting operation immediately upon interrupt request
generation and carrying out intermittent operations frequently.

(2) STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the high-speed system clock oscillator and
internal high-speed oscillator stop, stopping the whole system, thereby considerably reducing the CPU operating
current.

Because this mode can be cleared by an interrupt request, it enables intermittent operations to be carried out.
However, because a wait time is required to secure the oscillation stabilization time after the STOP mode is released
when the X1 clock is selected, select the HALT mode if it is necessary to start processing immediately upon interrupt
request generation.

In either of these two modes, all the contents of registers, flags and data memory just before the standby mode is set
are held. The I/O port output latches and output buffer statuses are also held.

Cautions 1. When shifting to the STOP mode, be sure to stop the peripheral hardware operation operating
with main system clock before executing STOP instruction.

2. When transitioning to the STOP mode, it is possible to achieve low power consumption by
setting RMC = 56H.

3. The following sequence is recommended for operating current reduction of the A/D converter
when the standby function is used: First clear bit 7 (ADCS) and bit 0 (ADCE) of the A/D converter
mode register 0 (ADMO) to O to stop the A/D conversion operation, and then execute the STOP
instruction.

4. Stop the comparator before executing the STOP instruction.
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18.1.2 Registers controlling standby function
The standby function is controlled by the following two registers.

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

Remark For the registers that start, stop, or select the clock, refer to CHAPTER 5 CLOCK GENERATOR.

(1) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1 clock
oscillation starts with the internal high-speed oscillation clock used as the CPU clock, the X1 clock oscillation
stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by F\’ES?input, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of MOC
register) = 1 clear OSTC to 00H.
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Figure 18-1. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0

OSsTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status

fx=10MHz | fx=20MHz

1 0 0 0 0 2"'/fx min. |204.8 us min. [102.4 s min.

1 1 0 0 0 2"/fx min. |819.2 us min. [409.6 s min.

1 1 1 0 0 2"/fx min. |1.64 ms min. {819.2 s min.

1 1 1 1 0 2"%/fx min. [3.27 ms min. |1.64 ms min.

1 1 1 1 1 2'%/fx min. |6.55 ms min. |3.27 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and

remain 1.

2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

e Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

3. 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

(2) 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 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 05H.
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Figure 18-2. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  Afterreset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 0STS1 OSTS0
OSTS2 OSTS1 OSTSO0 Oscillation stabilization time selection
fx = 10 MHz fx = 20 MHz
0 0 1 2" 204.8 us 102.4 us
0 1 0 283« 819.2 us 409.6 us
0 1 1 2"/ 1.64 ms 819.2 us
1 0 0 2"/ 3.27ms 1.64 ms
1 0 1 2%/« 6.55 ms 3.27ms
Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS before
executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

3. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

e Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. 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
18.2 Standby Function Operation
18.2.1 HALT mode

(1) HALT mode
The HALT mode is set by executing the HALT instruction. HALT mode can be set regardless of whether the CPU
clock before the setting was the high-speed system clock or internal high-speed oscillation clock.
The operating statuses in the HALT mode are shown below.
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Table 18-1. Operating Statuses in HALT Mode

HALT Mode Setting

When HALT Instruction Is Executed While CPU Is Operating on Main System Clock

Iltem

When CPU Is Operating on
Internal High-Speed
Oscillation Clock (fir)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcrk)

System clock

Clock supply to the CPU is stopped

Flash memory

Main system clock | fi Operation continues (cannot Status before HALT mode was set is retained
be stopped)
fx Status before HALT mode Operation continues (cannot Status before HALT mode
was set is retained be stopped) was set is retained
fexcik Operates or stops by external clock input Operation continues (cannot
be stopped)
fir Status before HALT mode was set is retained
PLL
CPU Operation stopped

X1

16-bit timer/event counter 00

8-bit timer/event counter 51

8-bit timer H1

RAM Status before HALT mode was set is retained
Port (latch)
16-bit timer X0 Operable

Watchdog timer

Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.

A/D converter

Comparators 0 to 2

Serial interface | UART6

Csi11

IICA

Operable

Multiplier

Operation stopped

Power-on-clear function

Low-voltage detection function

External interrupt

Operable

Remarks 1. fiu:

fexcLk:

2.  The functions mounted depend on the product.

Functions.

Internal high-speed oscillation clock,
External main system clock,

fx: X1 clock
f

L: Internal low-speed oscillation clock
Refer to 1.4 Block Diagram and 1.5 Outline of
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(2) HALT mode release
The HALT mode can be released by the following two sources.

(@) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the HALT mode is released. If interrupt acknowledgment is
enabled, vectored interrupt servicing is carried out. If interrupt acknowledgment is disabled, the next address
instruction is executed.

Figure 18-3. HALT Mode Release by Interrupt Request Generation

Interrupt
HALT request

instruction
Standby '
release signal e
Normal operation HALT mode WaitMote Normal operation
Status of CPU ‘
High-speed system clock or Oscillation

internal high-speed oscillation clock

Note The wait time is as follows:
* When vectored interrupt servicing is carried out: 11 or 12 clocks
* When vectored interrupt servicing is not carried out: 4 or 5 clocks

Remark The broken lines indicate the case when the interrupt request which has released the standby mode is
acknowledged.
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(b) Release by reset signal generation
When the reset signal is generated, HALT mode is released, and then, as in the case with a normal reset
operation, the program is executed after branching to the reset vector address.

Figure 18-4. HALT Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

T HALT
instruction
((
Reset signal n
Normal operation Reset Normal operation
(high-speed Reset |processing (internal high-speed
Status of CPU system clock) HALT mode period |(210514s) oscillation clock)
High-speed Oscillation |Oscillation
system clock Oscillates stopped | stopped | Oscillates
(X1 oscillation) \ J

} Oscillation stabilization time

11 16 /¢, \Note
Starting X1 oscillation is (27/ixt0 27

specified by software.

Note Oscillation stabilization time is not required when using the external main system clock (fexcik) as the high-
speed system clock.

(2) When internal high-speed oscillation clock is used as CPU clock

~ HALT
instruction
l ((
Reset signal ”
‘Normal operation Reset Normal operation
(internal high-speed Reset |processing (internal high-speed
Status of CPU oscillation clock) HALT mode period  |(121051ps) oscillation clock)
) Oscillation
Internal high-speed Oscillates stopped Oscillates
oscillation clock

Wait for oscillation
accuracy stabilization
(102 to 407 ps)

Remark fx: X1 clock oscillation frequency

RO1UHO068EJ0203 Rev.2.03 R nS 564
Jun 29, 2012 ENES



78K0/Fx2-L

CHAPTER 18 STANDBY FUNCTION

X

Table 18-2. Operation in Response to Interrupt Request in HALT Mode

Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address
request instruction execution

0 0 1 X Interrupt servicing
execution
0 1 0 1 Next address
0 1 « 0 instruction execution
0 1 1 1 Interrupt servicing
execution
1 X X X HALT mode held
Reset - - X X Reset processing
don't care

18.2.2 STOP mode

(1) STOP mode setting and operating statuses
The STOP mode is set by executing the STOP instruction, and it can be set only when the CPU clock before the
setting was the high-speed system clock or internal high-speed oscillation clock.

Caution Because the interrupt request signal is used to clear the standby mode, if there is an interrupt

The operating statuses in the STOP mode are shown below.

immediately cleared if set.
execution of the STOP instruction and the system returns to the operating mode as soon as the
wait time set using the oscillation stabilization time select register (OSTS) has elapsed.

source with the interrupt request flag set and the interrupt mask flag reset, the standby mode is

Thus, the STOP mode is reset to the HALT mode immediately after
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Table 18-3. Operating Statuses in STOP Mode

STOP Mode Setting

When STOP Instruction Is Executed While CPU Is Operating on Main System Clock

Iltem

When CPU Is Operating on When CPU Is Operating on When CPU Is Operating on
Internal High-Speed X1 Clock (fx) External Main System Clock
Oscillation Clock (fir) (fexcrk)

System clock

Clock supply to the CPU is stopped

Flash memory

Main system clock | fin Stopped
fx
fexcik | Input invalid
fi Status before STOP mode was set is retained
PLL Not operating (executing the STOP instruction during PLL operation is prohibited)
CPU Operation stopped

X1

16-bit timer/event counter 00

RAM Status before STOP mode was set is retained
Port (latch)
16-bit timer X0 Operation stopped

8-bit timer/event counter 51

Operable only when TI51 is selected as the count clock

8-bit timer H1

Operable only when fi, fi/2®, fi/2" is selected as the count clock

Watchdog timer

Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.

A/D converter

Operation stopped

Comparators 0 to 2

Comparator n is operable when both CnDFS0 = 0 and CnDFS1 =0 are set. (n =0 to 2)

Serial interface | UART6

Operation stopped

Csli11

Operable only when external clock is selected as the serial clock

IICA

Wakeup by address match operable

Multiplier Operation stopped
Power-on-clear function Operable
Low-voltage detection function
External interrupt
Remarks 1. fi: Internal high-speed oscillation clock, fx: X1 clock
fexck:  External main system clock, fi.:  Internal low-speed oscillation clock

2.  The functions mounted depend on the product.

Functions.

(Caution is listed on the next page.)

Refer to 1.4 Block Diagram and 1.5 Outline of
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Cautions 1.

To use the peripheral hardware that stops operation in the STOP mode, and the peripheral hardware
for which the clock that stops oscillating in the STOP mode after the STOP mode is released, restart
the peripheral hardware.

When transitioning to the STOP mode, it is possible to achieve low power consumption by setting
RMC = 56H.

Even if “internal low-speed oscillator can be stopped by software” is selected by the option byte,
the internal low-speed oscillation clock continues in the STOP mode in the status before the STOP
mode is set. To stop the internal low-speed oscillator’s oscillation in the STOP mode, stop it by
software and then execute the STOP instruction.

To shorten oscillation stabilization time after the STOP mode is released when the CPU operates
with the high-speed system clock (X1 oscillation), switch the CPU clock to the internal high-speed
oscillation clock before the execution of the STOP instruction using the following procedure.

<1> Set RSTOP to 0 (starting oscillation of the internal high-speed oscillator) —» <2> Set MCMO to 0
(switching the CPU from X1 oscillation to internal high-speed oscillation) — <3> Check that MCS is 0
(checking the CPU clock) — <4> Check that RSTS is 1 (checking internal high-speed oscillation
operation) — <5> Execute the STOP instruction

Before changing the CPU clock from the internal high-speed oscillation clock to the high-speed
system clock (X1 oscillation) after the STOP mode is released, check the oscillation stabilization
time with the oscillation stabilization time counter status register (OSTC).

Execute the STOP instruction after having confirmed that the internal high-speed oscillator is
operating stably (RSTS = 1).

Be sure to stop the PLL operation (PLLON = 0) before executing the STOP instruction.
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(2) STOP mode release

Figure 18-5. Operation Timing When STOP Mode Is Released (When Unmasked Interrupt Request Is

Generated)

STOP mode
High-speed system

STOP mode release
clock (X1 oscillation) l_l I |

UUUULUUUUUUBUUTBUUTIUa
st [NLTUUUNUOUNTUTATUBEAUUTATID

Internal high-speed | | | | | | | | | | | | |
oscillation clock 1 L1 L L I I

| '

! Wait for oscillation
High-speed system | accuracy stabilizationN°tet
|
|

I
[IIl

UL

clock (X1 oscillation)
is selected as CPU ‘ o HALT status High-speed system clock
clock when STOP (oscillation stabilization time set by OSTS)

instruction is executed Automatically switched

l
|
High-speed system |
|

clock (external clock / ]

input) is selected as ‘\ High-speed system clock
CPU clock when STOP <_|:.1

instruction is executed Waithote 2

oscillation clock is

|
I
:
|
Internal high-speed !
|
[l
|

V Internal high-speed ><

selected as CPU clock \ oscillation clock High-speed system clock
when STOP instruction > s\
is executed WaitNete 2 Clock switched by software

Notes 1. The wait time for oscillation accuracy stabilization is as follows:

* RMC register = 00H: 102 to 407 us

* RMC register = 56H: 120 to 481 us
2. The wait time is as follows:

* When vectored interrupt servicing is carried out: 17 or 18 clocks

* When vectored interrupt servicing is not carried out: 11 or 12 clocks

The STOP mode can be released by the following two sources.
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(@) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the STOP mode is released. After the oscillation stabilization
time has elapsed, if interrupt acknowledgment is enabled, vectored interrupt servicing is carried out. If interrupt
acknowledgment is disabled, the next address instruction is executed.

Figure 18-6. STOP Mode Release by Interrupt Request Generation (1/2)

(1) When high-speed system clock (X1 oscillation) is used as CPU clock

Interrupt Wait
request
~ sTOP ] (set by OSTS)
instruction
))
| H T
1
Standby release signal - -
Normal operation o o ~ Normal operation
(high-speed Oscillation stabilization wait (high-speed
Status of CPU system clock) STOP mode (HALT mode status) system clock)
High-speed Oscillates Oscillation stopped Oscillates
system clock
(X1 oscillation) p _

Oscillation stabilization time (set by OSTS)

(2) When high-speed system clock (external clock input) is used as CPU clock

Interrupt
STOP request
instruction

Standby release signal | H

No(rrr;rjarl] opera(tjion Normal operation
igh-spee high-speed
Status of CPU systgem Elock) STOP mode Wait\ete s(ystgem g|ock)

High-speed
system clock
(external clock input)

Oscillates Oscillation stopped Oscillates

Note The wait time is as follows:
« When vectored interrupt servicing is carried out: 17 or 18 clocks
« When vectored interrupt servicing is not carried out: 11 or 12 clocks

Remark The broken lines indicate the case when the interrupt request that has released the standby mode is
acknowledged.
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Figure 18-6. STOP Mode Release by Interrupt Request Generation (2/2)

(3) When internal high-speed oscillation clock is used as CPU clock

Interrupt
STOP request
instruction

Standby release signal | H

Normal operation Normal operation
(internal high-speed Note 1 (internal high-speed
rna - Note el
Status of CPU oscillation clock) STOP mode Wait | oscillation clock)
Internal high-speed Oscillates Oscillation stopped Oscillates
oscillation clock \ —

Wait for oscillation
accuracy stabilizationNot 2

Notes 1. The wait time is as follows:
« When vectored interrupt servicing is carried out: 17 or 18 clocks
* When vectored interrupt servicing is not carried out: 11 or 12 clocks
2. The wait time for oscillation accuracy stabilization is as follows:
* RMC register = O0H: 102 to 407 us
* RMC register = 56H: 120 to 481 us

Caution The above-mentioned oscillation accuracy stabilization wait time will be stated after the device
has been evaluated.

Remark The broken lines indicate the case when the interrupt request that has released the standby mode is
acknowledged.
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(b) Release by reset signal generation
When the reset signal is generated, STOP mode is released, and then, as in the case with a normal reset

operation, the program is executed after branching to the reset vector address.

Figure 18-7. STOP Mode Release by Reset (1/2)

(1) When high-speed system clock is used as CPU clock

~ STOP
instruction
(L
Reset signal »
Normal operation Reset Normal operation
(high-speed Reset |processing (internal high-speed
Status of CPU system clock) STOP mode period (121051 ps) oscillation clock)
Oscillation [Oscillation
High-speed Oscillates Oscillation stopped | stopped | stopped | Oscillates
system clock I\ J
(X1 oscillation) ) Oscillation stabilization time

11 16 Note
Starting X1 oscillation is (2" /fxto 27/8)

specified by software.

Note Oscillation stabilization time is not required when using the external main system clock (fexck) as the high-
speed system clock.

Remark fx: X1 clock oscillation frequency
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Figure 18-7. STOP Mode Release by Reset (2/2)

(2) When internal high-speed oscillation clock is used as CPU clock

~ STOP
instruction
l ((
Reset signal )
Normal operation Reset Normal operation
(internal high-speed Reset |Processing (internal high-speed
Status of CPU oscillation clock) STOP mode period |(12t05Lps) oscillation clock)
Oscillation
Internal high-speed Oscillates Oscillation stopped| stopped Oscillates
oscillation clock \ )

Wait for oscillation
accuracy stabilization

(102 to 407 ps)

Caution The above-mentioned reset processing time and oscillation accuracy stabilization wait time will
be stated after the device has been evaluated.

Table 18-4. Operation in Response to Interrupt Request in STOP Mode

Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address
request instruction execution

0 0 1 X Interrupt servicing
execution

0 1 0 1 Next address

0 1 « 0 instruction execution

0 1 1 1 Interrupt servicing
execution

1 X X X STOP mode held

Reset - - X X Reset processing

x: don’t care
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CHAPTER 19 RESET FUNCTION

The reset function is mounted onto all 78K0/Fx2-L microcontroller products.
The following four operations are available to generate a reset signal.

(1) External reset input via RESET pin

(2) Internal reset by watchdog timer program loop detection

(3) Internal reset by comparison of supply voltage and detection voltage of power-on-clear (POC) circuit
(4) Internal reset by comparison of supply voltage and detection voltage of the low-voltage detector (LVI)

External and internal resets start program execution from the address at 0000H and 0001H when the reset signal is
generated.

A reset is applied when a low level is input to the RESET pin, the watchdog timer overflows, or by POC and LVI circuit
voltage detection, and each item of hardware is set to the status shown in Tables 19-1 and 19-2. Each pin is high
impedance during reset signal generation or during the oscillation stabilization time just after a reset release.

When a low level is input to the RESET pin, the device is reset. It is released from the reset status when a high level is

input to the RESET pin and program execution is started with the internal high-speed oscillation clock after reset
processing. A reset by the watchdog timer is automatically released, and program execution starts using the internal high-
speed oscillation clock (refer to Figures 19-2 to 19-4) after reset processing. Reset by POC and LVI circuit power supply
detection is automatically released when Vob > Vror or Vob > Vivi after the reset, and program execution starts using the
internal high-speed oscillation clock (refer to CHAPTER 20 POWER-ON-CLEAR CIRCUIT and CHAPTER 21 LOW-
VOLTAGE DETECTOR) after reset processing.

Cautions 1. For an external reset, input a low level for 10 us or more to the RESET pin.

(If an external reset is effected upon power application, the period during which the supply
voltage is outside the operating range (Vop < 1.8 V) is not counted in the 10 gs. However, the low-
level input may be continued before POC is released.)

2. During reset signal generation, the X1 clock, internal high-speed oscillation clock, and internal
low-speed oscillation clock stop oscillating. External main system clock input becomes invalid.

3. When the STOP mode is released by a reset, the RAM contents in the STOP mode are held during
reset input. However, because SFR is initialized, the port pins become high-impedance.
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78K0/Fx2-L
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78K0/Fx2-L CHAPTER 19 RESET FUNCTION

Figure 19-2. Timing of Reset by RESET Input

Wait for oscillation
accuracy stabilization

(102 to 407 us)
Internal high-speed
oscillation clock
' '/Starting X1 oscillation is specified by software.
High-speed system clock ' '
(when X1 oscillation is selected)
i Reset | .
; Reset period |_processing Normal operation
Status of CPU Normal operation (oscillation stop) + (12051ps) (internal high-speed oscillation clock)

A

j
-~ -

" Delay 'Delay’

Internal reset signal

RESET A\ } /

'
'
'
'
.

Port pin >— ------------------- AR

Figure 19-3. Timing of Reset Due to Watchdog Timer Overflow

Wait for oscillation
accuracy stabilization

(102 to 407 us)
Internal high-speed
oscillation clock

’/Starting X1 oscillation is specified by software.
High-speed system clock :

(when X1 oscillation is selected)

Reset

Reset period processing_ Normal operation

Status of CPU Normal operation i
(oscillation stop)

Watchdog timer
overflow
Internal reset signal \ /

Port pin >— ------------------- B

Caution A watchdog timer internal reset resets the watchdog timer.

(12to51ps) | (internal high-speed oscillation clock)
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Figure 19-4. Timing of Reset in STOP Mode by RESET Input

Wait for oscillation
. . ) accuracy stabilization
STOP instruction execution (102 to 407 ps)

™

Internal high-speed
oscillation clock
| ﬁStarting X1 oscillation is specified by software.
High-speed system clock '
(when X1 oscillation is selected)

i ' 1 Reset
Normal . Stopstatus ' Reset period |_processing Normal operation
Status of CPU L : o i et . I
operation ((oscillation stop): ~ (oscillation stop)  (12t051ys) | (internal high-speed oscillation clock)
RESET

Internal reset signal

Port pin

Remark For the reset timing of the power-on-clear circuit and low-voltage detector, refer to CHAPTER 20 POWER-
ON-CLEAR CIRCUIT and CHAPTER 21 LOW-VOLTAGE DETECTOR.
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CHAPTER 19 RESET FUNCTION

Table 19-1. Operation Statuses During Reset Period

Item

During Reset Period

System clock

Clock supply to the CPU is stopped.

Main system clock | fn

Operation stopped

fx

Operation stopped (X1 and X2 pins are input port mode)

16-bit timer/event counter 00

8-bit timer/event counter 51

8-bit timer H1

Watchdog timer

A/D converter

Comparators 0 to 2

Serial interface | UART6

Csi11

IICA

Multiplier

External interrupt

fexcik | Clock input invalid (EXCLK pin is input port mode)
fiL Operation stopped
CPU
Flash memory
RAM Operation stopped (The value, however, is retained when the voltage is at least the power-on
clear detection voltage.)
Port (latch) Operation stopped
16-bit timers X0
X1

Power-on-clear function

Operable

Low-voltage detection function

Operation stopped (however, operation continues at LVI reset)

On-chip debug function

Operation stopped

Remarks 1. fin: Internal high-speed oscillation clock, fx: X1 clock

fexcik:  External main system clock, fi.:  Internal low-speed oscillation clock

2.  The functions mounted depend on the product.

Functions.

Refer to 1.4 Block Diagram and 1.5 Outline of
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CHAPTER 19 RESET FUNCTION

Table 19-2. Hardware Statuses After Reset Acknowledgment (1/4)

Hardware

After Reset

Acknowledgment™*'®*

Program counter (PC)

The contents of the
reset vector table
(O0O00H, 0001H) are set.

Stack pointer (SP)

Undefined

Program status word (PSW)

02H

Undefined"°'?

RAM Data memory
General-purpose registers Undefined"**®2

Port registers 0, 2, 3, 6, 7, 12 (PO, P2, P3, P6, P7, P12) (output latches) 00H

Port mode registers 0, 2, 3, 6, 7 (PM0O, PM2, PM3, PM6, PM7) FFH

Pull-up resistor option registers 0, 3, 6 (PUO, PU3, PU6) 00H

Port input mode register 6 (PIM6) O00H

Port output mode register 6 (POM®6) 00H

Port alternate switch control register (MUXSEL) 00H

Internal memory size switching register (IMS) CFH"*3

Notes 1.

statuses become undefined. All other hardware statuses remain unchanged after reset.
2. When a reset is executed in the standby mode, the pre-reset status is held even after reset.
Therefore, set the value

3. Reset signal generation makes the setting of the ROM area undefined.

corresponding to each product as indicated below after release of reset.

Products IMS ROM Internal High-Speed RAM
78KOIFY2-L 78KOIFA2-L 78KO/FB2-L Capacity Capacity
4PD78F0854 4PD78F0857 - 61H |4KB 384 bytes
LPD78F0855 4PD78F0858 LPD78F0864 42H | 8KB 512 bytes
LPD78F0856 4PD78F0859 4PD78F0865 04H | 16KB 768 bytes

Remark The special function registers (SFRs) mounted depend on the product.

registers (SFRs).

During reset signal generation or oscillation stabilization time wait, only the PC contents among the hardware

Refer to 3.2.3 Special function
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78K0/Fx2-L CHAPTER 19 RESET FUNCTION

Table 19-2. Hardware Statuses After Reset Acknowledgment (2/4)

Hardware Status After Reset
Acknowledgment™*
Clock operation mode select register (OSCCTL) 00H
Processor clock control register (PCC) 01H
Internal oscillation mode/PLL control register (RCM) 80H
Main OSC control register (MOC) 80H
Main clock mode register (MCM) 00H
Oscillation stabilization time counter status register (OSTC) 00H
Oscillation stabilization time select register (OSTS) 05H
16-bit timers X0 and X1 16-bit timer X0 operation control registers 0 to 4 (TXOCTLO, TXOCTL1, 00H
TXOCTL2, TXOCTL3, TXOCTL4)
16-bit timer X1 operation control registers 0 to 2, 4 (TX1CTLO, TX1CTL1, O00H
TX1CTL2, TX1CTL4)
16-bit timer X0 output control register 0 (TX0IOCO0) 00H
16-bit timer X1 output control register 0 (TX110CO0) 00H
16-bit timer X0 compare registers 0 to 3 (TXOCRO, TXOCR1, TX0CR2, 0000H
TXOCR3)
16-bit timer X1 compare registers 0 to 3 (TX1CRO, TX1CR1, TX1CR2, 0000H
TX1CR3)
16-bit timer X0 capture/compare register 0 (TXOCCRO) 0000H
16-bit timer X1 capture/compare register 0 (TX1CCRO) 0000H
High-impedance output function enable register (HIZTREN) 00H
High-impedance output mode select register (HIZTRS) 00H
High-impedance output function control register 0 (HZAOCTLO) O0OH
16-bit timer/event counter | 16-bit timer counter 00 (TMOO) 0000H
00 16-bit timer capture/compare registers 000, 010 (CR000, CR010) 0000H
16-bit timer mode control register 00 (TMCO00) 00H
Prescaler mode register 00 (PRMO00) 00H
Capture/compare control register 00 (CRCO00) 00H
16-bit timer output control register 00 (TOCO00) 00H
8-bit timer/event counter | 8-bit timer counter 51 (TM51) 00H
51 8-bit compare register 51 (CR51) 00H
Timer clock selection register 51 (TCL51) 00H
8-bit timer mode control register 51 (TMC51) 00H
8-bit timer H1 8-bit timer H1 compare registers 01, 11