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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.
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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 I/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or I/O pull-up
power supply may cause malfunction and the abnormal current that passes in the device at this time may
cause degradation of internal elements. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.




Readers

Purpose

Organization

How to Read This Manual

How to Use This Manual

This manual is intended for user engineers who wish to understand the functions of the
pPD79F7027, pPD79F7028 and design and develop application systems and programs for
these devices.

The target products are as follows.

* 30-pin: pPD79F7027MC, pPD79F7028MC
* 32-pin: pPD79F7027GA, pPD79F7028GA

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

Organization below.

The pPD79F7027, uPD79F7028 manual is separated into two parts: this manual and the

software edition (common to the RL78 family).

pPD79F7027, uPD79F7028 )
RL78 Family
User’s Manual
User’s Manual
Hardware Software
(This Manual)
* Pin functions » CPU functions
« Internal block functions « Instruction set
* Interrupts  Explanation of each instruction

« Other on-chip peripheral functions
« Electrical specifications

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

* 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 assembler, and is defined as an sfr variable using the #pragma sfr directive in the
compiler.

* To know details of the RL78/G14 Microcontroller instructions:

— Refer to the separate document RL78 Family User's Manual Software (ROLUSO015E).



Conventions Data significance: Higher digits on the left and lower digits on the right

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

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
UPD79F7027, uPD79F7028 User’'s Manual Hardware This manual
RL78 Family User’'s Manual Software RO1USO0015E

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

Document Name Document No.
PG-FP5 Flash Memory Programmer R20UTOO008E

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



Other Documents

Document Name Document No.
RENESAS MICROCOMPUTER GENERAL CATALOG RO1CSO0001E
Semiconductor Device Mount Manual Note
Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E
Note See the “Semiconductor Device Mount Manual” website (http://www.renesas.com/products/package/manual/index.jsp).

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 a trademark of Renesas Electronics Corporation.

Windows, Windows NT and Windows XP are registered trademarks or trademarks of Microsoft Corporation in the
United States and/or other countries.

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

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

States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.
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RENESAS MCU Rev. 1.00
Jun 20, 2012

CHAPTER 1 OUTLINE

1.1 Features

O Minimum instruction execution time can be changed from high speed (0.04167 us: @ 24 MHz operation with
high-speed on-chip oscillator clock) to low-speed (1.0 us: @ 1 MHz operation with high-speed on-chip oscillator
clock)

O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
O ROM: 16 to 32 KB, RAM: 2.5 t0 4.0 KB

O High-speed on-chip oscillator clocks

« Selectable from 48 MHz (TYP.), 24 MHz (TYP.), 16 MHz (TYP.), 12 MHz (TYP.), 8 MHz (TYP.), 4 MHz (TYP.),

and 1 MHz (TYP.)

O On-chip single-power-supply flash memory (with prohibition of block erase/writing function)
O Self-programming (with boot swap function/flash shield window function)
O On-chip debug function
O On-chip power-on-reset (POR) circuit and voltage detector (LVD)
O On-chip watchdog timer (operable with the dedicated low-speed on-chip oscillator clock)
O Multiply/divide/multiply & accumulate instructions are supported.
O On-chip clock output/buzzer output controller
O On-chip BCD adjustment
O /O ports: 26 to 28 (N-ch open-drain: 2 to 3)
O Timer

 16-bit timer: 7 channels

(TAU: 4 channels, Timer RJ: 1 channel, Timer RD: 2 channels)
» Watchdog timer: 1 channel
¢ 12-bit interval timer:1 channel

O Serial interface
« CSl
*« UART
« Simplified 12C
O Different potential interface: Can connect to a 2.5/3 V device when operating at 4.0 Vto 5.5V
O 8/10-bit resolution A/D converter (Vbb = 2.7 to 5.5 V): 8 channels
O Standby function: HALT, STOP, SNOOZE mode
O On-chip event link controller (ELC)
O Power supply voltage: Vbb = 2.7 to 5.5 V
O Operating ambient temperature: TA = -40 to + 85 °C

Remark The functions mounted depend on the product. See 1.6 Outline of Functions.

RO1UHO0326EJ0100 Rev. 1.00 RENESAS Page 1 of 849
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CHAPTER 1 OUTLINE

O ROM, RAM capacities

uUPD79F7027, yPD79F7028
Flash ROM RAM
30 pins 32 pins
32 KB 4 KB UWPD79F7028MC UPD79F7028GA
16 KB 2.5 KB UWPD79F7027MC UPD79F7027GA
RO1UH0326EJ0100 Rev. 1.00 RENESAS Page 2 of 849
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1.2 Ordering Information

Pin count Package Part Number
30 pins | 30-pin plastic SSOP (0.65 mm (300)) MUPD79F7028MC, uPD79F7027MC
32 pins | 32-pin plastic LQFP (7 x 7) UPD79F7028GA, UPD79F7027GA

RO1UHO0326EJ0100 Rev. 1.00

Jun 20, 2012
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CHAPTER 1 OUTLINE

13

1.3.1 30-pin products
« 30-pin plastic SSOP (0.65 mm (300))

Pin Configuration (Top View)

P20/ANIO/AVREFP O~
PO1/ANI16/TO00/RxD1/TRJIIO0 O
POO/ANIL17/TI00/TXD1/(TRIO0) O

P120/ANI19 O]
P40/TOOLO O
RESET O——~
P137/INTPO O——{
P122/X2/EXCLK O——»
P121/X1 O

REGC O——

Vss O——]

Vobo O——

P60 O=—

P61 O=—n
P31/TI03/TO03/INTP4/PCLBUZ0/SSI00/(TRJIIO0) O

O

1 30
2 29
3 28
4 27
5 26
6 25
7 24
8 23
9 22
10 21
11 20
12 19
13 18
14 17
15 16

[e«—=O P21/ANI1/AVREFM

[=—=0O P22/ANI2

[*=—=O P23/ANI3

O P147/ANI18

[«—=O P10/TRDIOD1

[*=—=O P11/TRDIOC1

[=—O P12/TRDIOB1

[*—O P13/TRDIOA1

~—0O P14/TRDIODO

[«—O P15/PCLBUZ1/TRDIOBO

[=—=0 P16/T101/TO01/INTP5/TRDIOCO/(RXDO)
[*=—=CO P17/T102/TO02/TRDIOAO/TRDCLKO/(TXDO)
[*=—=O P51/INTP2/SO00/TxDO/TOOLTXD
[*=—CO P50/INTP1/SI00/RxD0/TOOLRXD/SDAQ0/(TRJIOO0)
[«—=O P30/INTP3/SCK00/SCL00/TRJO0

Caution

Remark 1.
Remark 2.
and 1 (PIORO, PIOR1).

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

For pin identification, see 1.4 Pin Identification.
The functions in parentheses shown in the above figure can be assigned by setting peripheral 1/O redirection registers 0

RO1UHO0326EJ0100 Rev. 1.00
Jun 20, 2012
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1.3.2  32-pin products
 32-pin plastic LQFP (7 x 7)

OoD1
ocC1
OB1
OAl
OoDO0

exposed die pad

% [~—O P16/TI01/TO01/INTP5/TRDIOCO/(RXDO)
R =0 P17/T102/TO02/TRDIOAO/TRDCLKO/(TXDO)

o [~—O P15/PCLBUZ1/TRDIOBO

R [*+—=0O P10/TRD
8 [~—0O P1UTRD
N|=—+0O P12/TRD
N |« 0O PL3/TRD
B |+——=0O P14/TRD

P147/ANI18 O=—+{25\_ _ _ _ _ _

P23/ANI3 O=—=26 B

P22/ANI2 O=~—=127

P21/ANI1/AVReFM O=~—=28
P20/ANIO/AVReFp O~—{29
P01/ANI16/TO00/RXD1/TRJIIO0 O~=—30
POO/ANI17/TI00/TXD1/(TRIO0) O
P120/ANI19 O=~—={32

16
15
14
13
12
11
10

=—=O P51/INTP2/SO00/TXDO/TOOLTXD

=—=O P50/INTP1/SI00/RxD0/TOOLRXD/SDA00/(TRJIO0)
+—O P30/INTP3/SCK00/SCLO0/TRIO0

l—=O p70

=—CO P31/TI03/TO03/INTP4/PCLBUZ0/(TRJIOO)
[+—=O P62/SSI00

[*~—O P61

*—=O P60

P40/TOOLO (e
ESET O— |~
P121/X1 O— | »n

P137/INTPO O——={ w

P122/X2/EXCLK O—= &

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

Remark 1. For pin identification, see 1.4 Pin Identification.

Remark 2. The functions in parentheses shown in the above figure can be assigned by setting peripheral 1/O redirection registers 0

and 1 (PIORO, PIOR1).

RO1UHO0326EJ0100 Rev. 1.00 RENESAS Page 5 of 849
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1.4 Pin Identification

ANIO to ANI3, ANI16 to ANI19:
AVREFM:

AVREFP:

EXCLK:

INTPO to INTP5:

P00, PO1:

P10 to P17:

P20 to P23:

P30, P31:

P40:

P50, P51:

P60 to P62:

P70:

P120 to P122:

P137:

P147:

PCLBUZ0, PCLBUZ1:
REGC:

RESET:

RxDO, RxD1:

SCKOO:

SCLOO:

SDAO0O:

SI100:

SO00:

SSI00:

TIOO to TIO3:

TOO0O0 to TO03, TRJOO:
TOOLO:

TOOLRXD, TOOLTXD:
TRDCLKO:

TRDIOAO, TRDIOBO, TRDIOCO, TRDIODO,:
TRDIOA1, TRDIOB1, TRDIOC1, TRDIOD1,

TRJIOO
TxDO, TxD1:
VDD:

Vss:

X1, X2:

Analog input

A/D converter reference potential (— side) input
A/D converter reference potential (+ side) input
External clock input (main system clock)
External interrupt input

Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 12

Port 13

Port 14

Programmable clock output/buzzer output
Regulator capacitance

Reset

Receive data

Serial clock input/output

Serial clock output

Serial data input/output

Serial data input

Serial data output

Serial interface chip select input

Timer input

Timer output

Data input/output for tool

Data input/output for external device
Timer external input clock

Timer input/output

Transmit data
Power supply
Ground

Crystal oscillator (main system clock)

RO1UHO0326EJ0100 Rev. 1.00
Jun 20, 2012
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CHAPTER 1 OUTLINE

1.5 Block Diagram

151 30-pin products

TIMER ARRAY
UNIT (4ch)
B I
TI01/TO01/P16 =— chl
TI02/T002/P17 =— ch2
TI03/TO03/P31 ~—T ch3

TRDIOAO/TRDCLKO/P17
TRDIOBO/P15, TRDIOCO/P16,
TRDIODO0/P14

WINDOW
WATCHDOG
TIMER
TOW-SPEED
ON-CHIP
OSCILLATOR
SERIAL ARRAY
UNITO (4ch)
RXDO/P50 — =
TXDO/P51 =— UARTO
RXD1/P01 —|
TXD1/P00 =—] UARTL
SCRO0/P30
SI00/P50
SO00/P51 +—1 csioo
S5100/P31
SCLOO/P30 =—
Somoomso— e |

TIMER RJ

[«— TRJIO0/PO1

[—— TRJOO0/P30

C> INTERVAL
TIMER

RL78 CPU CORE

MULTIPLIER &
DIVIDER,
MULITIPLY-
ACCUMULATOR

CODE FLASH MEMORY

Voo

Vss  TOOLRxD/P50,
TOOLTxD/P51

BUZZER OUTPUT
: : CLOCK OUTPUT
CONTROL

PCLBUZ0/P31,
PCLBUZ1/P15

- EVENT LINK
CONTROLLER

BCD
- ADJUSTMENT

o o fedrem
““ P10 to P17
““ P20 to P23
= B S
= T
A e e
= B =
““ Ei;i P122
e |
o
ANIO/P20 to
ANI3/P23

ANI16/P01, ANI17/POO

A/D CONVERTER ANI18/P147, ANI19/P120

g

AVresp/P20
AVresu/P21
POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR
{ | RESET CONTROL
C ) ON-CHIP DEBUG TOOLO/P40
SYSTEM le—— RESET
CONTROL X1/P121
le—— X2/EXCLK/P122
HIGH-SPEED
ON-CHIP
OSCILLATOR

VOLTAGE
REGULATOR REGC

[*— INTPO/P137

INTP1/P50,
INTP2/P51

<Z| INTP3/P30,
INTP4/P31

lje—— INTP5/P16

<:> INTERRUPT
CONTROL

RO1UHO0326EJ0100 Rev. 1.00
Jun 20, 2012
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TIMER ARRAY
UNIT (4ch)
TI00/PO0 —| cho
TO00/PO1=—
TI0L/TO01/P16 ~—T ch1
TI02/TO02/P17 ~—T ch2
TI03/TO03/P31 ~—o ch3
TIMER RD (2ch)
TRDIOAO/TRDCLKO/P17
TRDIOBO/P15, TRDIOCO/P16,
TRDIODO/P14

TRDIOAL/P13 toTRDIOD1/P10 &>

[«— TRJIO0/PO1

KON TIMERR

—— TRJOO0/P30

<:> INTERVAL
TIMER

RL78 CPU CORE

MULTIPLIER &
DIVIDER,
MULITIPLY- CODE FLASH MEMORY
ACCUMULATOR

g

WINDOW
WATCHDOG
TIMER
TOW-SPEED
ON-CHIP
OSCILLATOR
SERIAL ARRAY
UNITO (4ch)
RXDO/P50 ——af
TXDO/P51 a—i— UARTO
RXD1/P01 —
ToUPo0—]
SCKO0/P30
SI00/P50
SO00/P51 -—1— csioo
SSI00/P62
SCLOO/P30 =—1
SDA00/P50 <—] lc00

g

RAM

Voo Vss  TOOLRXD/P50,

TOOLTxD/P51
BUZZER OUTPUT
(:> ___________ PCLBUZO/P31,
CLOCK OUTPUT PCLBUZ1/P15
CONTROL

EVENT LINK
- CONTROLLER

- BCD
ADJUSTMENT

PORT 0

PORT 1

PORT 2

PORT 3

PORT 4

PORT 5

PORT 6

PORT 7

PORT 12

PORT 13

888 LYY LU

PORT 14

A/D CONVERTER

g

(RNCANAt

4 Y

P00, PO1

8 P10to P17

4 P20 to P23

P30, P31

P40

P50, P51

P60 to P62

P70

P120
P121, P122

P137

P147

ANIO/P20 to
ANI3/P23

ANI16/P01, ANI17/P0O0
ANI18/P147, ANI19/P120

AVrerp/P20
AVerern/P21

POWER ON RESET/|
VOLTAGE
DETECTOR

POR/LVD
CONTROL

(] RESET CONTROL

) ON-CHIP DEBUG

SYSTEM
CONTROL

HIGH-SPEED
ON-CHIP
OSCILLATOR

VOLTAGE
REGULATOR

INTERRUPT
CONTROL

TOOLO/P40

je—— RESET

X1/P121

[e—— X2/EXCLK/P122

REGC

[e—— INTPO/P137

K7 INTP1/P50,
INTP2/P51
INTP3/P30,

KZ3 wrpapar

l&—— INTP5/P16

RO1UHO0326EJ0100 Rev. 1.00

Jun 20, 2012
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1.6

Outline of Functions

[30-pin, 32-pin products (code flash memory 16 KB to 32 KB)]

Caution
are set to OOH.

The above outline of the functions applies when peripheral 1/0 redirection register 0, 1 (PIORO, 1)

(2/2)
30-pin 32-pin
Item
UWPD79F7027MC, nPD79F7028MC UPD79F7027GA, pPD79F7028GA
Code flash memory (KB) 16 to 32 16 to 32
RAM (KB) 25t04.0 25t04.0

Memory space

1MB

Main system
clock

High-speed system
clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
1to 20 MHz: Vpop = 2.7t0 5.5V

High-speed on-chip
oscillator clock (fiH)

High-speed operation: 1 to 24 MHz (Vop = 2.7 to 5.5 V)

Low-speed on-chip oscillator clock

15 kHz (TYP.): VoD = 2.7t0 5.5 V

General-purpose register

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

Minimum instruction execution time

0.04167 ps (High-speed on-chip oscillator clock: fiH = 24 MHz operation)

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

Instruction set

« Data transfer (8/16 bits)

» Adder and subtractor/logical operation (8/16 bits)

» Multiplication (8 bits x 8 bits, 16 bits x 16 bits), Division (16 bits + 16 bits, 32 bits + 32 bits)
» Multiplication and Accumulation (16 bits x 16 bits + 32 bits)

* Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.

I/0 port Total 26 28
CMOS I/O0 21 22
CMOS input 3 3
CMOS output — —
N-ch open-drain /O 2 3
(6 V tolerance)

Timer 16-bit timer 7 channels

(TAU: 4 channels, Timer RJ: 1 channel, Timer RD: 2 channels)

Watchdog timer 1 channel
12-bi interval timer | 1 channel
Timer output 15

(TAU: 4, Timer RJ: 2, Timer RD: 8)
PWM outputs: 9 (TAU: 3, Timer RD: 6)

RO1UHO0326EJ0100 Rev. 1.00
Jun 20, 2012
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(212)
30-pin 32-pin
Item
UPD79F7027MC, pPD79F7028MC UPD79F7027GA, uPD79F7028GA
Clock output/buzzer output 2 2
* 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fmain = 20 MHz operation)
8/10-bit resolution A/D converter 8 channels 8 channels
Serial interface * CSI: 1 channel/lUART: 1 channel/simplified 12C: 1 channel
* UART: 1 channel
Event link controller (ELC) Event input: 16
Event trigger output: 6
Vectored Internal 18 18
interrupt sources | External 6 6
Reset « Reset by RESET pin
« Internal reset by watchdog timer
* Internal reset by power-on-reset
* Internal reset by voltage detector
« Internal reset by illegal instruction execution Note
* Internal reset by RAM parity error
« Internal reset by illegal-memory access
Power-on-reset circuit * Power-on-reset: 1.51 +0.03 V
* Power-down-reset:  1.50 +0.03 V
Voltage detector 2.75V 10 4.06 V (6 stages)
On-chip debug function Provided
Power supply voltage Vob=27t055V
Operating ambient temperature Ta=-40to0 +85 °C
Note The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution not is issued by emulation with the in-circuit emulator or on-chip debug
emulator.
RO1UH0326EJ0100 Rev. 1.00 RENESAS Page 10 of 849
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

CHAPTER 2 PIN FUNCTIONS

Pin 1/O buffers are powered by a single power supply in all products.

30-pin, 32-pin products

Table 2 - 1 Pin I/O Buffer Power Supplies

Power Supply

Corresponding Pins

VbD

All pins

RO1UHO0326EJ0100 Rev. 1.00
Jun 20, 2012
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CHAPTER 2 PIN FUNCTIONS

2.1.1  30-pin products
(1/2)
Function : )
/10 Function After Reset | Alternate Function
Name
P00 /10 Port 0. Analog input | ANI17/T100/TxD1/
2-bit I/O port. port (TRJOO)
PO1 Input of PO1 can be set to TTL input buffer. ANI16/TO00/RxD1/
Output of P00 can be set to N-ch open-drain output (Vbp tolerance). TRJIOO
P00 and P01 can be set to analog input.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P10 1/O Port 1. Input port TRDIOD1
Input of P10 and P13 to P17 can be set to TTL input buffer.
P12 TRDIOB1
Output of P10, P11, P13 to P15, and P17 can be set to N-ch open-
P13 drain output (Vbp tolerance). TRDIOAL
P14 Input/output can be specified in 1-bit units. TRDIODO
P15 Use of an on-chip pull-up resistor can be specified by a software PCLBUZ1/TRDIOBO
setting.
P16 TI01/TO01/INTP5/
TRDIOCO/(RxDO0)
P17 TI02/TO02/TRDIOAO/
TRDCLKO/(TxDO)
P20 I/O Port 2. Analog input | ANIO/AVREFP
P21 4-bit /O port. port ANI1/AVREFM
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3
P30 I/0 Port 3. Input port INTP3/SCKO00/
2-bit 1/0 port. SCL0O0/TRJO0
P31 Input of P30 can be set to TTL input buffer. T103/TO03/INTP4/
Output of P30 can be set to N-ch open-drain output (Vo tolerance). PCLBUZ0/SSI00/
Input/output can be specified in 1-bit units. (TRJIO0)
Use of an on-chip pull-up resistor can be specified by a software
setting.
P40 110 Port 4. Input port TOOLO
1-bit I/O port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a software
setting.
Remark  The functions in parentheses shown in the above figure can be assigned by setting peripheral I/O redirection register 0, 1

(PIORO, 1).

RO1UHO0326EJ0100 Rev. 1.00
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(212)
Function ) )
1/0 Function After Reset | Alternate Function
Name
P50 110 Port 5. Input port INTP1/SI00/RxDO/
2-bit I/O port. TOOLRXD/SDAQO/
Input of P50 can be set to TTL input buffer. (TRJOO0)
P51 Output of P50 and P51 can be set to N-ch open drain output (Vbb INTP2/SO00/TxDO/
tolerance). TOOLTxD
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/O Port 6. Input port —
Output of P60 and P61 is N-ch open-drain output (6 V tolerance).
Input/output can be specified in 1-bit units.
P120 1/0 Port 12. Analog input | ANI19
1-bit I/O port and 2-bit input port. port
P121 Input P120 can be set to analog input. Input port X1
For only P120, input/output can be specified in 1-bit units.
P122 . . - X2/EXCLK
For only P120, use of an on-chip pull-up resistor can be specified by a
software setting.
P137 Input Port 13. Input port INTPO
1-bit input port.
P147 I/0 Port 14. Analog input | ANI18
1-bit 1/O port. port
P147 can be set to analog input.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a software
setting.
Remark  The functions in parentheses shown in the above figure can be assigned by setting peripheral I/O redirection register 0, 1

(PIORO, 1).
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CHAPTER 2 PIN FUNCTIONS

2.1.2  32-pin products
(1/2)
Function : )
110 Function After Reset | Alternate Function
Name
P00 /10 Port 0. Analog input | ANI17/T100/TxD1/
2-bit I/O port. port (TRJOO)
PO1 Input of PO1 can be set to TTL input buffer. ANI16/TO00/RxD1/
Output of P00 can be set to N-ch open-drain output (Vbp tolerance). TRJIOO
P00 and P01 can be set to analog input.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P10 1/O Port 1. Input port TRDIOD1
Input of P10 and P13 to P17 can be set to TTL input buffer.
P12 TRDIOB1
Output of P10, P11, P13 to P15, and P17 can be set to N-ch open-
P13 drain output (Vbp tolerance). TRDIOAL
P14 Input/output can be specified in 1-bit units. TRDIODO
P15 Use of an on-chip pull-up resistor can be specified by a software PCLBUZ1/TRDIOBO
setting.
P16 TIOL/TOOL/INTPS/
TRDIOCO/(RxDO)
P17 TI02/TO02/TRDIOAO/
TRDCLKO/(TxDO)
P20 I/O Port 2. Analog input | ANIO/AVREFP
P21 4-bit /O port. port ANI1/AVREFM
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3
P30 I/0 Port 3. Input port INTP3/SCKO00/
2-bit 1/0 port. SCL0O0/TRJO0
P31 Input of P30 can be set to TTL input buffer. T103/TO03/INTP4/
Output of P30 can be set to N-ch open-drain output (Vo tolerance). PCLBUZ0/(TRJIO0)
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P40 110 Port 4. Input port TOOLO
1-bit I/O port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a software
setting.
Remark  The functions in parentheses shown in the above figure can be assigned by setting peripheral I/O redirection register 0, 1

(PIORO, 1).
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CHAPTER 2 PIN FUNCTIONS

(2/2)
Function ) )
1/0 Function After Reset | Alternate Function
Name
P50 110 Port 5. Input port INTP1/SI00/RxDO/
2-bit I/O port. TOOLRXD/SDAQO/
Input of P50 can be set to TTL input buffer. (TRJOO0)
P51 Output of P50 and P51 can be set to N-ch open-drain output (Vbb INTP2/SO00/TxDO/
tolerance). TOOLTXD
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 —
Output of P60 to P62 is N-ch open-drain output (6 V tolerance). —
P62 o o SSI00
Input/output can be specified in 1-bit units.
P70 1/0 Port 7. Input port —
1-bit 1/O port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P120 I/0 Port 12. Analog input | ANI19
1-bit I/O port and 2-bit input port. port
P121 Input P120 can be set to analog input. Input port X1
For only P120, input/output can be specified in 1-bit units.
pP122 ) ) . X2/EXCLK
For only P120, use of an on-chip pull-up resistor can be specified by a
software setting.
P137 Input Port 13. Input port INTPO
1-bit input port.
P147 1/0 Port 14. Analog input | ANI18
1-bit I/O port. port
P147 can be set to analog input.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a software
setting.
Remark  The functions in parentheses shown in the above figure can be assigned by setting peripheral I/O redirection register 0, 1

(PIORO, 1).
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2.1.3 Pins for each product (pins other than port pins)

(1/2)
Function Name 1/0 Function 32-pin 30-pin
ANIO Input A/D converter analog input \/ N
ANI1 \/ N
ANI2 \/ v
ANI3 \/ v
ANI16 \/ v
ANI17 N N
ANI18 N N
ANI19 N N
INTPO Input External interrupt request input N N
INTP1 N N
INTP2 N N
INTP3 N N
INTP4 N N
INTPS \/ N
PCLBUZ0O Output Clock output/buzzer output \/ N
PCLBUZ1 \/ N
REGC — Connecting regulator output stabilization capacitance for internal \/ N
operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input N ~
RxDO Input Serial data input to UARTO ~ ~
RxD1 Serial data input to UART1 ~ ~
SCKO00 110 Clock input/output for CSI00 ~ N
SCL0O Output Clock output for simplified 12C J v
SDAO0O 110 Serial data /O for simplified 12C N N
SI00 Input Serial data input to CSI00 \/ N
SO00 Output Serial data output from CSI00 N ~
SSI00 Input Chip select input to CSI00 N ~
TI00 Input External count clock input to 16-bit timer 00 N ~
TI0O1 External count clock input to 16-bit timer 01 N ~
TI02 External count clock input to 16-bit timer 02 ~ ~
TIO3 External count clock input to 16-bit timer 03 ~ ~
TOO00 Output 16-bit timer 00 output ~ ~
TOO01 16-bit timer 01 output ~ ~
TO02 16-bit timer 02 output ~ ~
TOO03 16-bit timer 03 output ~ ~
TRJIOO 1/0 Timer RJ input/output ~ ~
TRJOO Output Timer RJ output ~ ~
TRDCLKO Input Timer RD external clock input \/ v
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(2/2)
Function Name 1/0 Function 32-pin 30-pin
TRDIOAO 1/0 Timer RDO input/output «/ v
TRDIOBO Timer RDO input/output N ~
TRDIOCO Timer RDO input/output N ~
TRDIODO Timer RDO input/output N ~
TRDIOA1 Timer RD1 input/output ~ ~
TRDIOB1 Timer RD1 input/output ~ ~
TRDIOC1 Timer RD1 input/output ~ ~
TRDIOD1 Timer RD1 input/output ~ ~
TxDO Output Serial data output from UARTO ~ ~
TxD1 Serial data output from UART1 ~ ~
X1 — Resonator connection for main system clock ~ ~
X2 — J \/
EXCLK Input External clock input for main system clock \/ N
VDD — Positive power supply for all pins N \/
AVREFP Input A/D converter reference potential (+ side) input N \/
AVREFM Input A/D converter reference potential (- side) input «/ \/
Vss — Ground potential for all pins N ~
TOOLRXD Input UART reception pin for the external device connection used during flash N N
memory programming
TOOLTxD Output UART transmission pin for the external device connection used during ~ ~
flash memory programming
TOOLO 110 Data I/O for flash memory programmer/debugger «/ \
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2.2 Description of Pin Functions

Remark The pins mounted depend on the product. See 1.3 Pin Configuration (Top View) and 2.1 Pin Function
List.

2.2.1 P00, PO1 (port 0)

P00 and P01 function as an I/O port. These pins also function as timer 1/0, A/D converter analog input, serial
interface data 1/0, and clock 1/O.

Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

Input to the P01 pin can be specified through a normal input buffer or a TTL input buffer in 1-bit units, using port
input mode register 0 (PIMO).

Output from the POO pin can be specified as normal CMOS output or N-ch open-drain output (VDD tolerance) in
1-bit units, using port output mode register 0 (POMO).

When the following pins are used as input, specify them as either digital or analog in Port mode control register 0
(PMCO). This register can be specified in 1-bit unit.

« P00 and P01 pins

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

(1) Port mode
P00 and P01 function as an I/O port. P00 and P01 can be set to input or output port in 1-bit units using port
mode register 0 (PMO0).

(2) Control mode
P00 and P01 function as timer I/O, A/D converter analog input, serial interface data 1/0, and clock 1/O.

(@) ANI16, ANI17
These are the analog input pins (ANI16, ANI17) of A/D converter.
When using these pins as analog input pins, see 12.10 (5) Analog input (ANIn) pins.

(b) TIOO
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 00.

(c) TOO00
This is a timer output pin of 16-bit timer 00.

(d) TxD1
This is a serial data output pin of serial interface UARTL1.

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

(i TRJIIOO
This is a timer I/O pin to timer RJ.
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2.2.2 P10to P17 (port 1)

P10 to P17 function as an 1/O port. These pins also function as serial interface data I/0, clock 1/O, timer 1/O, and
external interrupt request input.

Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1 (PU1).

Input to the P10 and P14 to P17 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit
units, using port input mode register 1 (PIM1).

Output from the P10, P11, P13 to P15 and P17 pins can be specified as normal CMOS output or N-ch open-drain
output (VbD tolerance) in 1-bit units, using port output mode register 1 (POM1).

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

(1) Port mode
P10 to P17 function as an 1/O port. P10 to P17 can be set to input or output port in 1-bit units using port
mode register 1 (PM1).

(2) Control mode
P10 to P17 function as serial interface data 1/O, clock I/O, timer I/O, and external interrupt request input.

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

(b) TIOL, TIO2
These are the pins for inputting an external count clock/capture trigger to 16-bit timers 01 and 02.

(c) TOO01, TO02
These are the timer output pins of 16-bit timers 01 and 02.

(d) TRDIOAO, TRDIOBO, TRDIOCO, TRDIODO, TRDIOA1, TRDIOB1, TRDIOC1, TRDIOD1
These are the timer 1/O pins of timer RD.

(e) TRDCLKO
This is a external clock input pin to timer RD.
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2.2.3 P20to P23 (port 2)

P20 to P23 function as an I/O port. These pins also function as A/D converter analog input, and reference
voltage input.
Setting digital or analog to each pin can be done in A/D port configuration register (ADPC).

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

(1) Port mode
P20 to P23 function as an 1/O port. P20 to P23 can be set to input or output port in 1-bit units using port
mode register 2 (PM2).

(2) Control mode
P20 to P23 function as A/D converter analog input, and reference voltage input.

() ANIO to ANI3
These are the analog input pins (ANIO to ANI3) of A/D converter. When using these pins as analog input
pins, see 12.10 (5) Analog input (ANIn) pins.

(b) AVREFP
This is a pin that inputs the A/D converter reference potential (+ side).

(c) AVREFM
This is a pin that inputs the A/D converter reference potential (- side).
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224

P30, P31 (port 3)

P30 and P31 function as an I/O port. These pins also function as external interrupt request input, serial interface
clock 1/0O, and timer I/O.

Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3 (PU3).

Input to the P30 pin can be specified through a normal input buffer or a TTL input buffer in 1-bit units, using port

input mode register 3 (PIM3).
Output from the P30 pin can be specified as normal CMOS output or N-ch open-drain output (VDD tolerance) in
1-bit units, using port output mode register 3 (POM3).

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

@)

@)

Port mode

P30 and P31 function as an I/O port. P30 and P31 can be set to input or output port in 1-bit units using port

mode register 3 (PM3).

Control mode

P30 and P31 function as external interrupt request input, serial interface clock I/O, and timer 1/O.

(@) INTP3,INTP4
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or
both rising and falling edges) can be specified.
(b) SCKO00
This is a serial clock 1/0O pin of serial interface CSIOO.
(c) SCLOO
This is a serial clock output pin of serial interface for simplified 12C.
(d) TIO3
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 03.
(e) TOO03
This is a timer output pin from 16-bit timer 03.
(H TRJIOO
This is a timer RJ output pin.
() Ssloo
This is a chip select input pin of serial interface CSI00.
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2.2.5 P40 (port 4)

P40 function as an I/O port. These pins also function as data I/O for a flash memory programmer/debugger.

Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4 (PU4).

Be sure to connect an external pull-up resistor to P40 when on-chip debugging is enabled (by using an option
byte).

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

(1) Port mode
P40 function as an 1/O port. P40 can be set to input or output port in 1-bit units using port mode register 4
(PM4).

(2) Control mode
P40 function as data I/O for a flash memory programmer/debugger.

(@) TOOLO
This is a data I/O pin for a flash memory programmer/debugger.
Be sure to pull up this pin externally when on-chip debugging is enabled (pulling it down is prohibited).

Caution  After reset release, the relationships between P40/TOOLO and the operating mode are as
follows. For details, see 23.4 Programming Method.

Table 2 - 2 Relationships Between P40/TOOLO and Operation Mode After Reset Release

P40/TOOLO Operating mode
VbD Normal operation mode
oV Flash memory programming mode
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2.2.6

P50, P51 (port 5)

P50 and P51 function as an I/O port. These pins also function as external interrupt request input, serial interface
data I/O, and programming UART 1/O.
Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 5 (PU5).

Input to the P50 pin can be specified through a normal input buffer or a TTL input buffer in 1-bit units, using port

input mode register 5 (PIM5).
Output from the P50, P51 pins can be specified as normal CMOS output or N-ch open-drain output (VbbD

tolerance) in 1-bit units, using port output mode register 5 (POM5).

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

@)

@)

Port mode
P50 and P51 function as an I/O port. P50 and P51 can be set to input or output port in 1-bit units using port
mode register 5 (PM5).

Control mode
P50 and P51 function as external interrupt request input, serial interface data 1/0, and programming UART
I/0.

(a) SIoo
These are the serial data input pins of serial interface CSIO00.

(b) SO00
These are the serial data output pins of serial interface CSI00.

(c) SDAO0O
These are the serial data 1/0 pins of serial interface for simplified 12C.

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

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

() TOOLTxXD
This is the UART serial data output pin for the external device connection used during flash memory
programming.

(g9 TOOLRxD
This is the UART serial data input pin for the external device connection used during flash memory
programming.
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2.2.7 P60 to P62 (port 6)

P60 to P62 function as an I/O port. These pins also function as chip select input.
P60 to P62 can be set to input port or output port in 1-bit units using port mode register 6 (PM6).
Output of P60 to P62 is N-ch open-drain output (6 V tolerance).

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

(1) Port mode
P60 to P62 function as an I/O port.

(2) Control mode
P60 to P62 function as chip select input.

(a) Ssloo
This is a chip select input pin of serial interface CSI00.

2.2.8 P70 (port 7)

P70 function as an I/O port.
Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 7 (PU7).

The following operation modes can be specified in 1-bit units.
(1) Port mode

P70 function as an 1/O port. P70 can be set to input or output port in 1-bit units using port mode register 7
(PM7).
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2.2.9 P120 to P122 (port 12)

P120 functions as an I/O port and P121, P122 function as an input port. These pins also function as A/D
converter analog input, connecting resonator for main system clock, and external clock input for main system
clock.

Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 12 (PU12).

Input to the P120 pin can be specified as analog input or digital I/O in 1-bit units, using port mode control register
12 (PMC12).

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

(1) Port mode
P120 functions as a 1-bit I/0 port. P120 can be set to input or output port using port mode register 12
(PM12).
P121 and P122 function as an input port.

(2) Control mode
P120 to P122 function as A/D converter analog input, connecting resonator for main system clock, and
external clock input for main system clock.

(& ANI19
This is an analog input pin of A/D converter.
When using this pin as analog input pin, see 12.10 (5) Analog input (ANIn) pins.

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

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

2.2.10 P137 (port 13)

P137 functions as a 1-bit input-only port. P137 pin also functions as external interrupt request input.

(1) Port mode
P137 functions as a 1-bit input-only port.

(2) Control mode
P137 functions as external interrupt request input.

(@) INTPO
This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.
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2.2.11 P147 (port 14)

P147 function as an I/O port. These pins also function as A/D converter analog input.

Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 14 (PU14).

Input to the P147 pin can be specified as analog input or digital I/O in 1-bit units, using port mode control register
14 (PMC14).

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

(1) Port mode
P147 function as an 1/O port. P147 can be set to input or output port in 1-bit units using port mode register
14 (PM14).

(2) Control mode
P147 function as A/D converter analog input.

(&) ANI18
This is an analog input pin of A/D converter.
When using this pin as analog input pin, see 12.10 (5) Analog input (ANIn) pins.

2.2.12 VDD, Vss

(1) Vbbb
VDD is the positive power supply pin.

(2) Vss
Vss is the ground potential pin.

Remark Use bypass capacitors (about 0.1 uF) as noise and latch up countermeasures with relatively thick
wires at the shortest distance to VDD to Vss lines.

2.2.13 RESET

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

2.2.14 REGC

This is the pin for connecting regulator output 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.

REGC

i

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 1/O Circuits and Recommended Connection of Unused Pins

Table 2 - 3 shows the types of pin I/O circuits and the recommended connections of unused pins.

Table 2 - 3 Connection of Unused Pins (32-pin products)

Pin Name 1/O Circuit Type 1/0 Recommended Connection of Unused Pins
POO/ANI17/TI00/TxD1/ 8-R 1/0 Input:  Independently connect to Vbp or Vss via a resistor.
(TRJOO0) Output: Leave open.

PO1/ANI16/TO00/RXD1/ 5-AN
TRJIOO

P10/TRDIOD1 5-AN
P11/TRDIOC1 8-R
P12/TRDIOB1 8-R
P13/TRDIOA1 8-R
P14/TRDIODO 5-AN

P15/PCLBUZ1/TRDIOBO

P16/TI0L/TOOL/INTPS/
TRDIOCO/(RXDO)

P17/TI02/TO02/TRDIOAO/T
RDCLKO/(TXDO)

P20/ANIO/AVREFP 11-T

P21/ANI1/AVREFM
P22/ANI2 11-G
P23/ANI3

P30/INTP3/SCK00/SCL00/ |5-AN
TRJOO

P31/TI03/TO03/INTP4/
PCLBUZO0/(TRJIOO0)

P40/TOOLO 8-R Input: Independently connect to VDD via a resistor, or leave open.

P50/INTP1/SI00/RxD0/ 5-AN Output: Leave open.
TOOLRXD/SDA0O/(TRJIOO)

P51/INTP2/SO00/TxDO0/ 8-R

TOOLTxD
P60 13-R Input:  Independently connect to Vbp or Vss via a resistor.
P61 Output: Set the port’s output latch to 0 and leave the pins open, or set
the port’s output latch to 1 and independently connect the pins
P62/S5100 to VDD or Vss via resistor.
P70 8-R Input:  Independently connect to VoD via a resistor, or leave open.
Output: Leave open.
P120/ANI19 11-U Input:  Independently connect to Vbp or Vss via a resistor.
Output: Leave open.
P121/X1 37-C Input | Independently connect to Vbp or Vss via a resistor.
P122/X2/EXCLK
P137/INTPO 2 Independently connect to Vb or Vss via a resistor.
P147/ANI18 11-U 1/0 Input:  Independently connect to Vbp or Vss via a resistor.
Output: Leave open.
RESET 2 Input | Connect to Vop directly or via a resistor.
REGC — — Connect to Vss via a capacitor (0.47 to 1 uF: target).
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Figure 2 - 1 Pin I/O Circuit List (1/2)

Type 2 Type 5-AN
VDD
pull-up |
enable o 1= P-ch
VbD
data :D_| P-ch
IN - Mo IN/OUT
output —
disable N-ch
Vss
Schmitt-triggered input with hysteresis characteristics CMOS
IL
TTL
input
characteristic
Type 8-R Type 11-G
VDD
Vob
pull-up | data ———4
enable {>O | P-ch :D_| P-ch
——0O IN/OUT
output N-ch
disable
data ————— :Do—| P-ch
Vss
IN/OUT
output
disable
=i
o<} input enable
Type 11-T Type 11-U
Vbp
data —I:I:)O_| P-ch
Vob
——0 IN/OUT
output N pull-up | §
disable N-ch enable [>o {f= P-ch
VoD
Vss data — = P-ch
-0 IN/OUT
output N-ch
X disable
([}
input enable Vss
L oI
p-ch input enable
AVREFP, AVREFM
N-ch
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Figure 2 - 2 Pin I/O Circuit List (2/2)

Type 11-V

Type 13-R

Vop
pull-up |
enable o I P-ch
Vbp
data :D°_| P-ch IN/OUT
o Mot iot— =S | S
. -C
output N-ch output disable
disable
Vss Vss
CMOS <—O<}
el
TTL
input
characteristic

Type 37-C

o

input
enable
amp &
enable ‘| |— /[
5 S
= o
Jii O X1
input
enable
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the uPD79F7027, uPD79F7028 can access a 1 MB address space. Figures 3 - 1 and 3 - 2 show the
memory maps.

RO1UH0326EJ0100 Rev. 1.00 RENESAS Page 30 of 849
Jun 20, 2012



HPD79F7027, pPD79F7028

CHAPTER 3 CPU ARCHITECTURE

Figure 3 - 1 Memory Map (UPD79F7027MC, uPD79F7027GA)

4 FFFFFH 03FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH RAM Notes 1, 2
FE500H 25KB = Program area
FF4FFH
Reserved
F4000H
F3FFFH Mirror
F2000H 8 KB 01FFFH T
F1FFFH
Reserved 010CEH
F1000H 010CDH On-chip debug security
FOEFEH rocorved ID set;i(r;% area "°?
es
FO800H 010CaH - - Note 3
FO7EFH 010C3H Option byte area
010COH 4 bytes
Special function register (2nd SFR) 010BFH
2 KB CALLT table area Boot cluster 1
64 byt
FO000H 01080H vies
EFFFFH 0107FH
Data memory
space
Vector table area
128 bytes
01000H 4
00FFFH 4
= et = Program area
Reserved 000CEH
000CDH On-chip debug security
ID setting area N3
000C4H 10 bytes
000C3H Option byte area "3
000COH 4 bytes Boot cluster 0
000BFH
CALLT table area
64 bytes
00080H
0007FH
04000H Vector table area
3 128 bytes
':Z?r:z;n OaFFFH,-_, Code flash memory L
y T 16 KB T
y _ Space y 00000H 00000H v
Note 1. Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function, because this area is used
for self-programming library.
Note 2. Instructions can be executed from the RAM area excluding the general-purpose register area.
Note 3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security IDs to 000C4H
to OOOCDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the on-chip debug
security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
Note 4. Writing boot cluster O can be prohibited depending on the setting of security (see 23.5 Security Settings).
Caution  When executing instructions from the RAM area while RAM parity error resets are enabled (RPERDIS = 0), be

sure to initialize the used RAM area + 10 bytes.
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Figure 3 - 2 Memory Map (UPD79F7028MC, uPD79F7028GA)

4 FFFFFH 07FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH RAM Notes 1, 2
FEFOOH 4 KB = Program area -
FEEFFH
Reserved
F8000H
F7FFFH Mirror
F2000H 24 KB 01FFFH T
F1FFFH
Reserved 010CEH
F1000H 010CDH On-chip debug security
FOFFFH Reserved P setiig%atrea "
es
ot0CaH |Gt byt area ™
ption byte area
FO7FFH 010COH 4 bytes
Special function register (2nd SFR) 010BFH
2 KB CALLT table area Boot cluster 1
FOOOOH 01080H 64 bytes
EFFFFH 0107FH
Data memory
space
Vector table area
128 bytes
01000H \ 4
O0FFFH 4
= -~ = Program area -
Reserved 000CEH
000CDH On-chip debug security
ID setting area N3
000C4H 10 bytes
000C3H Option byte area N3
000COH 4 bytes Boot cluster 0
000BFH
CALLT table area
64 bytes
00080H
0007FH
08000H Vector table area
X 128 bytes
':Zﬁ:z:n OYFFFH,-_, Code flash memory £
y 32KB
y _ Space y 00000H 00000H v
Note 1. Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function, because this area is used
for self-programming library.
Note 2. Instructions can be executed from the RAM area excluding the general-purpose register area.
Note 3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security IDs to 000C4H
to OOOCDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the on-chip debug
security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
Note 4. Writing boot cluster O can be prohibited depending on the setting of security (see 23.5 Security Settings).
Caution  When executing instructions from the RAM area while RAM parity error resets are enabled (RPERDIS = 0), be

sure to initialize the used RAM area + 10 bytes.
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Remark  The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers, see Table 3 -1
Correspondence Between Address Values and Block Numbers in Flash Memory.

07FFFH
Block 1FH
07CO0H
07BFFH
007FFH
Block 01H
00400H
003FFH A
Block O0H 1KB
00000H Y
(LPD79F7028)
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Correspondence between the address values and block numbers in the flash memory are shown below.

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

Address Value Block Number Address Value Block Number
00000H to 003FFH 00H 04000H to 043FFH 10H
00400H to 007FFH 01H 04400H to 047FFH 11H
00800H to 00BFFH 02H 04800H to 04BFFH 12H
00COOH to O0FFFH 03H 04COOH to 04FFFH 13H
01000H to 013FFH 04H 05000H to 053FFH 14H
01400H to 017FFH 05H 05400H to 057FFH 15H
01800H to 01BFFH 06H 05800H to 05BFFH 16H
01COOH to 01FFFH 07H 05COOH to O5FFFH 17H
02000H to 023FFH 08H 06000H to 063FFH 18H
02400H to 027FFH 09H 06400H to 067FFH 19H
02800H to 02BFFH 0AH 06800H to 06BFFH 1AH
02COOH to 02FFFH 0BH 06COOH to 06FFFH 1BH
03000H to 033FFH OCH 07000H to 073FFH 1CH
03400H to 037FFH ODH 07400H to 077FFH 1DH
03800H to 03BFFH OEH 07800H to 07BFFH 1EH
03CO0H to O3FFFH OFH 07COOH to 07FFFH 1FH
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3.1.1 Internal program memory space

The internal program memory space stores the program and table data.
The uPD79F7027, uPD79F7028 products incorporate internal ROM (flash memory), as shown below.

Table 3 - 2 Internal ROM Capacity

Internal ROM
Part Number Structure Capacity
uPD79F7027 Flash memory 16384 x 8 bits (00000H to 03FFFH)
UPD79F7028 32768 x 8 bits (00000H to 07FFFH)

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

(1) Vector table area

The 128-byte area 00000H to 0007FH is reserved as a vector table area. The program start addresses for
branch upon reset or generation of each interrupt request are stored in the vector table area. Furthermore,
the interrupt jump address is a 64 K address of 00000H to OFFFFH, because the vector code is assumed to
be 2 bytes.

Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd
addresses.

To use the boot swap function, set a vector table also at 01000H to 0107FH.
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Table 3 - 3 Vector Table

Vector Table Address Interrupt Source 32-pin 30-pin
0000H RESET, POR, LVD, WDT, TRAP, IAW, RPE V J
0004H INTWDTI \ J
0006H INTLVI v \
0008H INTPO \ J
000AH INTP1 v \
000CH INTP2 \ J
000EH INTP3 v \
0010H INTP4 v \
0012H INTP5 \ J
001EH INTSTO/INTCSIOO/INTIICO0 v \
0020H INTSRO \ J
0022H INTSREO v \

INTTMO1H \ J
0024H INTST1 v \
0026H INTSR1 \ J
0028H INTSRE1 v \

INTTMO3H \ J
002CH INTTMOO v \
002EH INTTMO1 \ J
0030H INTTMO2 v \
0032H INTTMO3 \ J
0034H INTAD v \
0038H INTIT \ J
0040H INTTRJO v <
0056H INTTRDO \ J
0058H INTTRD1 v \
0062H INTFL \ J
007EH BRK v \

(2) CALLT instruction table area
The 64-byte area 00080H to OOOBFH can store the subroutine entry address of a 2-byte call instruction
(CALLT). Set the subroutine entry address to a value in a range of 00000H to OFFFFH (because an address
code is 2 bytes).
To use the boot swap function, set a CALLT instruction table also at 01080H to 010BFH.

(3) Option byte area
A 4-byte area of 000COH to 000C3H can be used as an option byte area. Set the option byte at 010COH to
010C3H when the boot swap is used. For details, see CHAPTER 22 OPTION BYTE.

(4) On-chip debug security ID setting area
A 10-byte area of 000C4H to 000CDH and 010C4H to 010CDH can be used as an on-chip debug security
ID setting area. Set the on-chip debug security ID of 10 bytes at 000C4H to 000CDH when the boot swap is
not used and at 000C4H to 000CDH and at 010C4H to 010CDH when the boot swap is used. For details,
see CHAPTER 24 ON-CHIP DEBUG FUNCTION.
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3.1.2 Mirror area

The uPD79F7027, uPD79F7028 mirrors the code flash area of 00000H to 07FFFH, to FOOO0H to FFFFFH.

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

See 3.1 Memory Space for the mirror area of each product.

The mirror area can only be read and no instruction can be fetched from this area.

The following show examples.

Example pPD79F7028 (Flash memory: 32 KB, RAM: 4 KB)

FFFFFH
Special-function register (SFR)
256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
RAM
4 KB
FEFOOH
FEEFFH
ES000H Reserved
F7FFFH Mirror
F2000H | (same data as 02000H to 07FFFH)
F1FFFH
Reserved
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special-function register (2nd SFR)
2 KB
FOOOOH
EFFFFH
Mirror
For example, 07789H is mirrored to
F7789H. Data can therefore be read
by MOV A, 17789H, instead of MOV
Reserved ES, #00H and MOV A, ES:!7789H.
08000H
O7FFFH
Code flash memory
02000H
01FFFH
00000H Code flash memory

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

Figure 3 - 3 Format of Configuration of Processor mode control register (PMC)

Address: FFFFEH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 <0>
PMC 0 0 0 0 0 0 0 MAA
MAA Selection of flash memory space for mirroring to area from FOOOOH to FFFFFH
0 00000H to 07FFFH is mirrored to FOOOOH to FFFFFH
1 Setting prohibited

Caution 1. Be sure to clear bit 0 (MAA) of this register to 0 (default value).
Caution 2. After setting the PMC register, wait for at least one instruction and access the mirror area.
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3.1.3 Internal data memory space
The uPD79F7027, uPD79F7028 products incorporate the following RAMs.

Table 3 - 4 Internal RAM Capacity

Part Number Internal RAM
UWPD79F7027 2560 x 8 bits (FF500H to FFEFFH)
UPD79F7028 4096 x 8 bits (FEFOOH to FFEFFH)

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

Caution 1.1t is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching

instructions or as a stack area.

Caution 2. The area FFE20H to FFEDFH of the internal RAM cannot be used as stack memory when using

the self-programming function.
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3.1.4  Special function register (SFR) area

On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see
Tables 3-5t03-7in 3.2.4 Special function registers (SFRs)).

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

3.1.5 Extended special function register (2nd SFR: 2nd Special Function
Register) area
On-chip peripheral hardware special function registers (2nd SFRs) are allocated in the area FOOOOH to FO7FFH
(see Tables 3-8to 3-12in 3.2.5 Extended special function registers (2nd SFRs: 2nd Special Function
Registers)).
SFRs other than those in the SFR area (FFFOOH to FFFFFH) are allocated to this area. An instruction that
accesses the extended SFR area, however, is 1 byte longer than an instruction that accesses the SFR area.

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

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

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for
the uPD79F7027, uPD79F7028, based on operability and other considerations. For areas containing data
memory in particular, special addressing methods designed for the functions of the special function registers
(SFR) and general-purpose registers are available for use. Figures 3 - 4 and 3 - 5 show correspondence
between data memory and addressing. For details of each addressing, see 3.4 Addressing for Processing
Data Addresses.
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Figure 3 - 4 Correspondence Between Data Memory and Addressing (UPD79F7027)

Register addressing

Short direct

addressing

FFFFFH SPR addressi
FFF20H | _ Special function register (SFR).__ e
FFF1FH 256 bytes
FFFOOH \ 4
FFEFFH | General-purpose register t
FFEEOH 32 bytes v
FFEDFH
FFE20H | _________| RAM™® .
FFE1FH 2.5KB
FF500H
FF4FFH

Reserved
F4000H
F3FFFH Mirror
F2000H 8KB
F1FFFH

Reserved
F1000H
FOFFFH

Reserved
FO800H
FO7FFH

Special function register (2nd SFR)
2 KB

FOOOOH
EFFFFH

Reserved
04000H

03FFFH

16 KB
ooooor1—I’ ’T—

Code flash memory pu

(

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

Note Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function, because this area is used
for self-programming library.

Caution  When executing instructions from the RAM area while RAM parity error resets are enabled (RPERDIS = 0), be
sure to initialize the used RAM area + 10 bytes.
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Figure 3 - 5 Correspondence Between Data Memory and Addressing (UPD79F7028)

Register addressing

Short direct

addressing

FFFFFH SPR addressi
FFF20H | _ Special function register (SFR).__ e
FFF1FH 256 bytes
FFFOOH \ 4
FFEFFH | General-purpose register t
FFEEOH 32 bytes v
FFEDFH
FFE20H | _________| RAM™® .
FFE1FH 4 KB
FEFOOH
FEEFFH

Reserved
F8000H
F7FFFH Mirror
F2000H 24 KB
F1FFFH

Reserved
F1000H
FOFFFH

Reserved
FO800H
FO7FFH

Special function register (2nd SFR)
2 KB

FOOOOH
EFFFFH

Reserved
08000H

07FFFH

32KB
ooooor1—I’ ’T—

Code flash memory pu

(

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

Note Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function, because this area is used
for self-programming library.

Caution  When executing instructions from the RAM area while RAM parity error resets are enabled (RPERDIS = 0), be
sure to initialize the used RAM area + 10 bytes.
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3.2 Processor Registers
The uPD79F7027, uPD79F7028 products incorporate the following processor registers.

3.2.1  Control registers

The control registers control the program sequence, statuses and stack memory. The control registers consist of
a program counter (PC), a program status word (PSW) and a stack pointer (SP).

(1) Program counter (PC)
The program counter is a 20-bit register that holds the address information of the next program to be
executed.
In normal operation, PC is automatically incremented according to the number of bytes of the instruction to
be fetched. When a branch instruction is executed, immediate data and register contents are set.
Reset signal generation sets the reset vector table values at addresses 0000H and 0001H to the program
counter.

Figure 3 - 6 Format of Program Counter

19 0

PC|

(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 is acknowledged
or PUSH PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW
instructions. Reset signal generation sets the PSW register to 06H.

Figure 3 - 7 Format of Program Status Word

PSWl IE Z | RBS1 AC RBSO ISP1 ISPO CY

(&) 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 (EI) state and interrupt request acknowledgment is
controlled with an in-service priority flag (ISP1, ISP0), an interrupt mask flag for various interrupt sources,
and a priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El
instruction execution.

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

(c) Register bank select flags (RBS0, RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction
execution is stored.
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(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). It is reset (0) in all other
cases.

(e) In-service priority flags (ISP1, ISPO)
This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt
requests specified lower than the value of ISPO and ISP1 flags by the priority specification flag registers
(PRNOL, PRNOH, PRn1L, PRn1H, PRN2L, PRn2H) (see 15.3 (3)) can not be acknowledged. Actual
request acknowledgment is controlled by the interrupt enable flag (IE).

Remark n=0,1

(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 RAM area can
be set as the stack area.

Figure 3 - 8 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 data as shown in Figure 3 - 9.

Caution 1. Since reset signal generation makes the SP contents undefined, be sure to initialize the
SP before using the stack.

Caution 2. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space as a stack
area.

Caution 3. The area FFE20H to FFEDFH of the internal RAM cannot be used as stack memory when
using the self-programming function.
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SP ¢ SP-2

SP-2

SP-1

SP >

CALL, CALLT instructions

Figure 3 - 9 Data to Be Saved to Stack Memory

PUSH rp instruction

Register pair lower

Register pair higher

(4-byte stack)

SP ¢« SP-2

SP-2

SP-1

SP >

Interrupt, BRK instruction

PUSH PSW instruction

00H

PSW

(4-byte stack)

SP « SP-4 SP ¢ SP-4

0 0

SP-4 PC7 to PCO SP-4 PC7 to PCO
0 0

SP-3 | PC15toPC8 SP-3 | PC15toPC8
0 0

SP-2 | PC19toPC16 SP-2 | PC19toPC16
0 0

SP-1 00H SP-1 PSW
0 0

SP = SP >
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3.2.2 General-purpose registers

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

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

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

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

Caution It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
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Figure 3 - 10 Configuration of General-Purpose Registers

(a) Function name

16-bit processing

8-bit processing

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

The ES register is used for data access and the CS register is used to specify the higher address when a branch
instruction is executed.
The default value of the ES register after reset is OFH, and that of the CS register is 00H.

Figure 3 - 11 Configuration of ES and CS Registers

7 6 5 4 3 2 1 0
ES 0 0 0 0 ES3 ES2 ES1 ESO
7 6 5 4 3 2 1 0
CS 0 0 0 0 CS3 CP2 CP1 CPO
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3.2.4  Special function registers (SFRs)

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

SFRs are allocated to the FFFOOH to FFFFFH area.

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

Each manipulation bit unit can be specified as follows.

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

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

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

Tables 3 - 5to 3 - 7 give lists of the SFRs. The meanings of items in the table are as follows.

* Symbol
This item indicates the address of a special function register. It is a reserved word in the assembler, and is
defined as an sfr variable using the #pragma sfr directive in the compiler. When using the assembler, debugger,
and simulator, symbols can be written as an instruction operand.
* RIW
This item indicates whether the corresponding SFR can be read or written.
R/W: Read/write enable
R: Read only
W: Write only
* Manipulable bit units
“\" indicates the manipulable bit unit (1, 8, or 16). “—" indicates a bit unit for which manipulation is not possible.
« After reset
This item indicates each register status upon reset signal generation.

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

Remark For extended SFRs (2nd SFRs), see 3.2.5 Extended special function registers (2nd SFRs: 2nd
Special Function Registers).
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Table 3 - 5 SFR List (1/3)

Address Special Function Register (SFR) Symbol RIW Manipulable Bit Range After Reset
Name 1-bit 8-bit 16-bit
FFFOOH | Port register 0 PO RIW v v — 00H
FFFO1H | Port register 1 P1 RIW y y — OOH
FFFO2H | Port register 2 P2 RIW v v — 00H
FFFO3H | Port register 3 P3 RIW v v — 00H
FFFO4H | Port register 4 P4 RIW v v — 00H
FFFO5H | Port register 5 P5 RIW v v — 00H
FFFO6H | Port register 6 P6 R/W v v — OOH
FFFO7H | Port register 7 P7 RIW \ y — OOH
FFFOCH | Port register 12 P12 RIW v v — Undefined
FFFODH | Port register 13 P13 RIW v v — Undefined
FFFOEH | Port register 14 P14 R/IW v v — 00H
FFF10H | Serial data register 00 TXDO/ |SDROO | R/W — v S 0000H
SI000
FFF11H — — —
FFF12H | Serial data register 01 RXDO/ |SDRO1 | R/W — v S 0000H
SI001
FFF13H — — —
FFF18H | Timer data register 00 TDROO RIW — — N 0000H
FFF19H
FFF1AH | Timer data register 01 TDRO1L | TDRO1 R/W — Y v 00H
FFF1BH TDRO1H — N 00H
FFF1EH | 10-bit A/D conversion result register | ADCR R — — N 0000H
FFF1FH 8-bit A/D conversion result ADCRH R — v — 00H
register
FFF20H | Port mode register 0 PMO RIW v v — FFH
FFF21H | Port mode register 1 PM1 RIW v v — FFH
FFF22H | Port mode register 2 PM2 RIW y y — FFH
FFF23H | Port mode register 3 PM3 RIW v v — FFH
FFF24H | Port mode register 4 PM4 RIW y y — FFH
FFF25H | Port mode register 5 PM5 RIW v v — FFH
FFF26H | Port mode register 6 PM6 RIW \ y — FFH
FFF27H | Port mode register 7 PM7 RIW v v — FFH
FFF2CH | Port mode register 12 PM12 RIW \ y — FFH
FFF2EH | Port mode register 14 PM14 RIW v v — FFH
FFF30H | A/D converter mode register 0 ADMO RIW v v — 00H
FFF31H | Analog input channel specification ADS R/W v v — OOH
register
FFF32H | A/D converter mode register 1 ADM1 RIW v v — 00H
FFF38H | External interrupt rising edge enable | EGPO RIW v v — 00H
register 0
FFF39H | External interrupt falling edge enable | EGNO RIW v v — 00H
register 0
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Table 3 - 6 SFR List (2/3)

Special Function Register (SFR) Manipulable Bit Range
Address Symbol R/W After Reset
Name 1-bit 8-bit 16-bit
FFF44H | Serial data register 02 TXD1/ |SDR02 | R/W — v \/ 0000H
SI010
FFF45H — — —
FFF46H | Serial data register 03 RXD1/ |SDR03 | RW — x/ J 0000H
SI011
FFF47H — — —
FFF58H | Timer RD general register CO TRDGRCO R/W — — \ FFFFH Note
FFF59H
FFF5AH | Timer RD general register DO TRDGRDO R/W — — \ FFFFH Note
FFF5BH
FFF5CH | Timer RD general register C1 TRDGRC1 R/W — — \ FFFFH Note
FFF5DH
FFF5EH | Timer RD general register D1 TRDGRD1 R/W — — \ FFFFH Note
FFF5FH
FFF64H | Timer data register 02 TDRO2 R/W — — \ 0000H
FFF65H
FFF66H | Timer data register 03 TDRO3L |[TDR0O3 | R/W — y J O0H
FFF67H TDRO3H — v 00H
FFFO0H | 12-bit interval timer control register ITMC R/W — — \ OFFFH
FFF91H
FFFAOH | Clock operation mode control register | CMC R/W — v — O00H
Clock operation status control CSsC
FFFALH X oP RIW v v — COH
register
Oscillation stabilization time counter | OSTC R v v — 00H
FFFA2H _
status register
Oscillation stabilization time select OSTS R/W — v — 07H
FFFA3H .
register
FFFA4H | System clock control register CKC RIW v v — 00H
FFFA5H | Clock output select register 0 CKSO0 RIW v v — 00H
FFFAGH | Clock output select register 1 CKs1 RIW v v — 00H
Note The timer RD SFRs are undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in the PER1

register. If it is necessary to read the initial value, set fcik to fiH and TRDOEN = 1 before reading.
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Table 3 - 7 SFR List (3/3)

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

FFEABH Reset control flag register RESF R — v — Undefined

Note 1
FFFA9H | Voltage detection register LVIM R/W — 00H Note 2
FEEAAH Voltage detection level register LVIS RIW v v — 00H/01H/81

H Note 3

FFFABH Watchdog timer enable register WDTE RIW . J . 9AH/1AH

Note 4
FFFACH | CRC input register CRCIN RIW — v — 00H
FFFD1H | Interrupt request flag register 2H IF2H IF2 RIW v v \ O0H
FFFD5H | Interrupt mask flag register 2H MK2H | MK2 RIW v v \ FFH
FFFDOH | Priority specification flag register 02H | PRO2H | PRO2 RIW v v \ FFH
FFFDDH | Priority specification flag register 12H | PR12H | PR12 RIW v v \ FFH
FFFEOH | Interrupt request flag register OL IFOL IFO RIW v v \ O0H
FFFE1H | Interrupt request flag register OH IFOH RIW v v O0H
FFFE2H | Interrupt request flag register 1L IF1L IF1 RIW v v \ O0H
FFFE3H | Interrupt request flag register 1H IF1H RIW v v O0H
FFFE4H | Interrupt mask flag register OL MKOL | MKO RIW v v \ FFH
FFFESH | Interrupt mask flag register OH MKOH RIW v v FFH
FFFE6H | Interrupt mask flag register 1L MKIL | MK1 RIW v v \ FFH
FFFE7H | Interrupt mask flag register 1H MK1H RIW v v FFH
FFFESH | Priority specification flag register 0OOL | PROOL | PROO RIW v v \ FFH
FFFE9QH | Priority specification flag register 00H | PROOH RIW v v FFH
FFFEAH | Priority specification flag register 01L | PROIL |PRO1 RIW v v \ FFH
FFFEBH | Priority specification flag register 0O1H | PRO1H RIW v v FFH
FFFECH | Priority specification flag register 10L | PR10L |PR10 RIW v v \ FFH
FFFEDH | Priority specification flag register 10H | PR10H RIW v v FFH
FFFEEH | Priority specification flag register 11L | PR11L |PR11 RIW v v \ FFH
FFFEFH | Priority specification flag register 11H | PR11H RIW v v FFH
FFFFOH | Multiply and accumulation register (L) | MACRL R/W — — \ 0000H
FFFF1H
FFFF2H | Multiply and accumulation register (H) | MACRH R/W — — \ 0000H
FFFF3H
FFFFEH | Processor mode control register PMC RIW v v — O0H

Note 1. The reset value of the RESF register varies depending on the reset source.

Note 2.
Note 3.
Note 4.

Remark

The reset value of the LVIM register varies depending on the reset source.
The reset value of the LVIS register varies depending on the reset source and the setting of the option byte.
The reset value of the WDTE register is determined by the setting of the option byte.

For extended SFRs (2"d SFRs), see Tables 3 - 8 to 3 - 12 Extended SFR (2"d SFR) List.
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3.25 Extended special function registers (2nd SFRs: 2nd Special Function
Registers)

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

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

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

Each manipulation bit unit can be specified as follows.

« 1-bit manipulation
Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand ('addr16.bit).
This manipulation can also be specified with an address.

« 8-bit manipulation
Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand ('addr16). This
manipulation can also be specified with an address.

* 16-bit manipulation
Describe the symbol reserved by the assembler for the 16-bit manipulation instruction operand (‘addr16). When
specifying an address, describe an even address.

Tables 3 - 8 to 3 - 12 give lists of the extended SFRs. The meanings of items in the table are as follows.

* Symbol
This item indicates the address of an extended SFR. It is a reserved word in the assembler, and is defined as
an sfr variable using the #pragma sfr directive in the compiler. When using the assembler, debugger, and
simulator, symbols can be written as an instruction operand.
* RIW
This item indicates whether the corresponding extended SFR can be read or written.
R/W:Read/write enable
R:Read only
W:Write only
* Manipulable bit units
“\" indicates the manipulable bit unit (1, 8, or 16). “—" indicates a bit unit for which manipulation is not possible.
* After reset
This item indicates each register status upon reset signal generation.

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

Remark For SFRs in the SFR area, see 3.2.4 Special function registers (SFRs).
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Table 3 - 8 Extended SFR (2nd SFR) List (1/5)

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

FOO10H | A/D converter mode register 2 ADM2 RIW N N — O0H
FOO011H | Conversion result comparison upper limit setting | ADUL R/W — N — FFH

register
FO0012H | Conversion result comparison lower limit setting ADLL R/W — N — 00H

register
FO013H | A/D test register ADTES R/W — N — 00H
FO030H | Pull-up resistor option register 0 PUO R/W N \/ — 00H
FOO31H | Pull-up resistor option register 1 PU1L RIW N N — 00H
F0033H | Pull-up resistor option register 3 PU3 R/W N \/ — 00H
FO034H | Pull-up resistor option register 4 PU4 RIW y y — 01H
FO035H | Pull-up resistor option register 5 PU5 R/W N \/ — 00H
FO037H | Pull-up resistor option register 7 PU7 RIW N N — 00H
FOO3CH | Pull-up resistor option register 12 PU12 R/W N \/ — 00H
FOO3EH | Pull-up resistor option register 14 PU14 RIW N N — 00H
FO040H | Port input mode register 0 PIMO R/W N \/ — 00H
FO041H | Port input mode register 1 PIM1 RIW N N — 00H
F0043H | Port input mode register 3 PIM3 R/W v v — 00H
FO045H | Port input mode register 5 PIM5 RIW N N — 00H
FOO50H | Port output mode register 0 POMO R/W N \/ — 00H
FO051H | Port output mode register 1 POM1 RIW y y — 00H
FO053H | Port output mode register 3 POM3 R/IW v v — 00H
FO055H | Port output mode register 5 POMS5 RIW y y — 00H
FO060H | Port mode control register O PMCO R/W \/ N — FFH
FOO6CH | Port mode control register 12 PMC12 R/W v N — FFH
FOO6EH | Port mode control register 14 PMC14 RIW v v — FFH
FO070H | Noise filter enable register 0 NFENO R/IW v v — 00H
FO0071H | Noise filter enable register 1 NFEN1 R/W N ~ — 00H
F0073H | Input switch control register ISC R/W ~ ~ _ 00H
FO074H | Timer input select register O TISO R/W — N — 00H
FO076H | A/D port configuration register ADPC R/W — ~ — 00H
FO077H | Peripheral I/O redirection register O PIORO R/IW — v — 00H
FO078H | Invalid memory access detection control register | IAWCTL R/W — v — 00H
FO079H | Peripheral I/O redirection register 1 PIOR1 R/W — v — 00H
FOO7AH | Peripheral enable register 1 PER1 R/W ~ ~ _ 00H
FO07BH | Port mode select register PMS R/W ~ ~ _ 00H
FOOAOQOH | High-speed on-chip oscillator timming register HIOTRM R/W — N — Note
FOOA8H | High-speed on-chip oscillator frequency select HOCODIV R/W — N — Undefined

register

Note The reset value differs for each chip.
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Table 3 - 9 Extended SFR (2nd SFR) List (2/5)

Manipulable Bit Range
Address Special Function Register (SFR) Name Symbol R/W After Reset
1-bit | 8-bit | 16-bit
FOOFOH | Peripheral enable register 0 PERO RIW N N — 00H
FOOF3H | Operation speed mode control register OSMC R/W — v — 00H
FOOF5H | RAM parity error control register RPECTL RIW N N — 00H
FOOFEH | BCD correction result register BCDADJ R — v — Undefined
FO100H | Serial status register 00 SSROOL |SSR0O0 | R — N N 0000H
FO101H — — —
FO102H | Serial status register 01 SSROIL |SSRO1 | R — N N 0000H
FO103H — — —
FO104H | Serial status register 02 SSRO2L |SSR02 | R — N N 0000H
FO105H — — —
FO106H | Serial status register 03 SSRO3L |SSR03 | R — N N 0000H
FO107H — — —
FO108H | Serial flag clear trigger register 00 SIROOL |SIR00 | RIW | — N N 0000H
FO109H — — —
FO10AH | Serial flag clear trigger register 01 SIROIL |SIRO1 | RW | — N N 0000H
FO10BH — — —
FO10CH | Serial flag clear trigger register 02 SIRO2L |SIR02 | RIW | — N N 0000H
FO10DH — — —
FO10EH | Serial flag clear trigger register 03 SIRO3L |SIRO3 | RW | — N N 0000H
FO10FH — — —
FO110H | Serial mode register 00 SMRO0 RW | — — N 0020H
FO111H
FO112H | Serial mode register 01 SMRO1 RW | — — N 0020H
FO113H
FO114H | Serial mode register 02 SMR02 RW | — — N 0020H
FO115H
FO116H | Serial mode register 03 SMRO03 RW | — — N 0020H
FO117H
FO0118H | Serial communication operation setting register 00 | SCR00 R/W — — N 0087H
FO119H
FO11AH | Serial communication operation setting register 01 | SCR01 R/W — — N 0087H
FO011BH
FO11CH | Serial communication operation setting register 02 | SCR02 R/W — — N 0087H
FO11DH
FO11EH | Serial communication operation setting register 03 | SCR03 R/W — — N 0087H
FO11FH
Note This value varies depending on the products.
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Table 3 - 10 Extended SFR (2"d SFR) List (3/5)

Manipulable Bit Range
Address Special Function Register (SFR) Name Symbol R/W After Reset
1-bit | 8-bit | 16-bit
FO120H | Serial channel enable status register 0 SEOL SEO R N N N 0000H
FO121H — — —
FO122H | Serial channel start register 0 SSoL SS0 RIW N N N 0000H
FO0123H — — —
FO124H | Serial channel stop register 0 STOL STO RIW N v v 0000H
FO125H — — —
FO126H | Serial clock select register 0 SPSOL |SPSO | RW | — N N 0000H
FO127H — — —
F0128H | Serial output register 0 SO0 R/W — — N OFOFH
FO0129H
FO12AH | Serial output enable register 0 SOEOL |SOEO | R/W N v N 0000H
FO12BH — — —
FO134H | Serial output level register 0 SOLOL |SOL0 | RW | — N v 0000H
FO135H — — —
FO138H | Serial standby control register O SSCOL |SSCO | RIW — N y 0000H
FO180H | Timer counter register 00 TCROO R — — N FFFFH
FO181H
FO182H | Timer counter register 01 TCRO1 R — — N FFFFH
FO183H
FO0184H | Timer counter register 02 TCRO2 R — — N FFFFH
FO185H
FO186H | Timer counter register 03 TCRO3 R — — N FFFFH
F0187H
FO190H | Timer mode register 00 TMROO R/W — — N 0000H
FO191H
FO192H | Timer mode register 01 TMRO1 R/W — — N 0000H
FO193H
FO0194H | Timer mode register 02 TMRO02 R/W — — N 0000H
FO195H
FO196H | Timer mode register 03 TMRO3 R/W — — N 0000H
FO197H
FO1AOH | Timer status register 00 TSROOL | TSRO0 R — N N 0000H
FO1A1H — — —
FO1A2H | Timer status register 01 TSRO1L | TSRO1 R — N N 0000H
FO1A3H — — —
FO1A4H | Timer status register 02 TSRO2L | TSR02 R — N N 0000H
FO1A5H — — —
FO1A6H | Timer status register 03 TSRO3L | TSR03 R — N N 0000H
FO1A7H — — —
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Table 3 - 11 Extended SFR (2nd SFR) List (4/5)

Manipulable Bit Range
Address Special Function Register (SFR) Name Symbol R/W After Reset
1-bit 8-bit | 16-bit
FO1BOH | Timer channel enable status register 0 TEOL TEO R N N N 0000H
FO1B1H — — —
FO1B2H | Timer channel start register 0 TSOL TS0 RIW N N N 0000H
FO1B3H — — —
FO1B4H | Timer channel stop register 0 TTOL TTO RIW N v v 0000H
FO1B5H — — —
FO1B6H | Timer clock select register 0 TPSO R/W — — N 0000H
FO1B7H
FO1B8H | Timer output register 0 TOOL TOO RW | — N v 0000H
FO1B9H — — —
FO1BAH | Timer output enable register 0 TOEOL |TOEO | R/W N v N 0000H
FO1BBH — — —
FO1BCH | Timer output level register 0 TOLOL |TOLO |RW | — N v 0000H
FO1BDH — — —
FO1BEH | Timer output mode register O TOMOL |[TOMO | RW | — N v 0000H
FO1BFH — — —
F0240H | Timer RJ control register 0 TRJCRO R/W — N — 00H
F0241H | Timer RJ I/O control register 0 TRJIOCO RIW \/ \/ — 00H
F0242H | Timer RJ mode register 0 TRIMRO RIW N N — 00H
F0243H | Timer RJ event pin select register 0 TRJISRO RIW v v — 00H
F0260H | Timer RD ELC register TRDELC R/W N v — 00H Note
F0263H | Timer RD start register TRDSTR RIW — \/ — OCH Note
F0264H | Timer RD mode register TRDMR RW | v — 00H Note
FO0265H | Timer RD PWM function select register TRDPMR R/IW y y — 00H Note
F0266H | Timer RD function control register TRDFCR RIW N v — 80H Note
F0267H | Timer RD output master enable register 1 TRDOER1 RIW N N — FFH Note
F0268H | Timer RD output master enable register 2 TRDOER2 R/W v v — 0OH Note
F0269H | Timer RD output control register TRDOCR RIW N N — 00H Note
FO026AH | Timer RD digital filter function select register 0 TRDDFO RIW N N — 00H Note
F026BH | Timer RD digital filter function select register 1 TRDDF1 R/IW v v — 0OH Note
F0270H | Timer RD control register O TRDCRO R/IW v v — 00H Note
F0271H | Timer RD /O control register AO TRDIORAO R/W \/ \/ — 00H Note
F0272H | Timer RD /O control register CO TRDIORCO R/W N 3 — 88H Note
FO273H | Timer RD status register 0 TRDSRO R/IW v v — 00H Note
F0274H | Timer RD interrupt enable register O TRDIERO R/W \/ \/ — 00H Note
F0275H | Timer RD PWM function output level control TRDPOCRO RIW N N — 00H Note
register 0
F0276H | Timer RD counter O TRDO R/W — — N 0000H Note
F0277H
Note The timer RD SFRs are undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in the PER1

register. If it is necessary to read the initial value, set fcik to fiH and TRDOEN = 1 before reading.
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Table 3 - 12 Extended SFR (2nd SFR) List (5/5)

Manipulable Bit Range
Address Special Function Register (SFR) Name Symbol R/W After Reset
1-bit | 8-bit | 16-bit
F0278H | Timer RD general register AO TRDGRAO R/W — — v FFFFH Note
FO279H
FO027AH | Timer RD general register BO TRDGRBO R/W — — N EEFFH Note
FO027BH
FO280H | Timer RD control register 1 TRDCR1 RIW N v — 0OH Note
F0281H | Timer RD /O control register Al TRDIORA1 RIW \/ 3 — OO0H Note
F0282H | Timer RD /O control register C1 TRDIORC1 R/W \/ \/ — 88H Note
F0283H | Timer RD status register 1 TRDSR1 RW | v — 00H Note
F0284H | Timer RD interrupt enable register 1 TRDIER1L R/IW y \/ — 00H Note
F0285H | Timer RD PWM function output level control TRDPOCR1 RIW v v — OOH Note
register 1
F0286H | Timer RD counter 1 TRD1 R/W — — v 0000H Note
F0287H
F0288H | Timer RD general register Al TRDGRA1 R/W — — \ FFFFH Note
F0289H
FO028AH | Timer RD general register B1 TRDGRB1 R/W — — \ FFFFH Note
F028BH
FO2FOH | Flash memory CRC control register CRCOCTL RIW N N — O0H
FO2F2H | Flash memory CRC operation result register PGCRCL R/W — — N 0000H
FO2FAH | CRC data register CRCD R/W — — \ 0000H
FO300H | Event output destination select register 00 ELSELROO RIW N N — O0H
FO301H | Event output destination select register 01 ELSELRO1 RIW N N — O0H
FO302H | Event output destination select register 02 ELSELRO02 RIW N N — O0H
FO303H | Event output destination select register 03 ELSELRO3 RIW N N — O0H
FO304H | Event output destination select register 04 ELSELRO4 RIW N N — 00H
FO305H | Event output destination select register 05 ELSELRO5 RIW N N — O0H
FO308H | Event output destination select register 08 ELSELRO08 RIW N N — 00H
FO309H | Event output destination select register 09 ELSELRO09 RIW N N — O0H
FO30AH | Event output destination select register 10 ELSELR10 RIW N N — 00H
FO30BH | Event output destination select register 11 ELSELR11 RIW N N — O0H
FO30CH | Event output destination select register 12 ELSELR12 RIW N N — 00H
FO30DH | Event output destination select register 13 ELSELR13 RIW N N — O0H
FO310H | Event output destination select register 16 ELSELR16 RIW N N — 00H
FO311H |Event output destination select register 17 ELSELR17 RIW N N — O0H
FO312H | Event output destination select register 18 ELSELR18 RIW N N — 00H
FO313H | Event output destination select register 19 ELSELR19 RIW N N — O0H
FO500H | Timer RJ counter register 0 TRJO R/W — — N FFFFH
FO501H
Note The timer RD SFRs are undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in the PER1

Remark

register. If it is necessary to read the initial value, set fcik to fiH and TRDOEN = 1 before reading.

For SFRs in the SFR area, see Tables 3-51t0 3 -7 SFR List.
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3.3 Instruction Address Addressing

3.3.1 Relative addressing

[Function]
Relative addressing stores in the program counter (PC) the result of adding a displacement value included in
the instruction word (signed complement data: —128 to +127 or —32768 to +32767) to the program counter
(PC)'s value (the start address of the next instruction), and specifies the program address to be used as the
branch destination. Relative addressing is applied only to branch instructions.

Figure 3 - 12 Outline of Relative Addressing

OP code

PC
i—l_/ DISPLACE 8/16 bits

3.3.2 Immediate addressing

[Function]
Immediate addressing stores immediate data of the instruction word in the program counter, and specifies the
program address to be used as the branch destination.
For immediate addressing, CALL !"addr20 or BR !'addr20 is used to specify 20-bit addresses and CALL
laddrl6 or BR !addrl6 is used to specify 16-bit addresses. 0000 is set to the higher 4 bits when specifying 16-
bit addresses.

Figure 3 - 13 Example of CALL !"addr20/BR !'addr20

PC

OP code

Low Addr.

High Addr.

Seg Addr.

Figure 3 - 14 Example of CALL !addr16/BR 'addr16

PC | PCs PCH | PCL |
OP code
0000 Low Addr.
High Addr.
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3.3.3 Tableindirect addressing
[Function]

Table indirect addressing specifies a table address in the CALLT table area (0080H to O0BFH) with the 5-bit
immediate data in the instruction word, stores the contents at that table address and the next address in the
program counter (PC) as 16-bit data, and specifies the program address. Table indirect addressing is applied
only for CALLT instructions.

In the RL78 microcontrollers, branching is enabled only to the 64 KB space from 00000H to OFFFFH.

Figure 3 - 15 Outline of Table Indirect Addressing

OP code
High Addr.  —
00000000 | 10 | | 0 ‘—[
Low Addr.

Table address

Memory
0000
1 l
PC | PCs | PCH | PCL |
RO1UHO0326EJ0100 Rev. 1.00 RENESAS Page 61 of 849

Jun 20, 2012



HPD79F7027, pPD79F7028 CHAPTER 3 CPU ARCHITECTURE

3.3.4  Register direct addressing

[Function]
Register direct addressing stores in the program counter (PC) the contents of a general-purpose register pair
(AX/BC/DE/HL) and CS register of the current register bank specified with the instruction word as 20-bit data,
and specifies the program address. Register direct addressing can be applied only to the CALL AX, BC, DE,
HL, and BR AX instructions.

Figure 3 - 16 Outline of Register Direct Addressing

OP code

Los [ » |

PC | PCs | PCH | PCL |
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3.4 Addressing for Processing Data Addresses

3.4.1 Implied addressing

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

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

Figure 3 - 17 Outline of Implied Addressing

OP code _ A register

Memory

3.4.2 Register addressing

[Function]
Register addressing accesses a general-purpose register as an operand. The instruction word of 3-bit long is
used to select an 8-hit register and the instruction word of 2-bit long is used to select a 16-bit register.

[Operand format]

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

Figure 3 - 18 Outline of Register Addressing

OP code _— Register
Memory
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3.4.3  Direct addressing

[Function]

Direct addressing uses immediate data in the instruction word as an operand address to directly specify the

target address.

[Operand format]

Identifier Description
ADDR16 Label or 16-bit immediate data (only the space from FOOOOH to FFFFFH is specifiable)
ES: ADDR16 Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 3 - 19 Example of ADDR16

FFFFFH
OP code
Low Addr. }— = 0 Feeemmmmmmeeeod]
] Target memory
]
High Addr. —  peeecemmemeald
FOOOOH
Memory
Figure 3 - 20 Example of ES:ADDR16
FFFFFH
ES
OP code
Low Addr. |— =0 peeeeemmemeeead
Target memory
High Addr. | —  fec-ioooloT]
00000H
Memory
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3.4.4  Short direct addressing

[Function]
Short direct addressing directly specifies the target addresses using 8-bit data in the instruction word. This type
of addressing is applied only to the space from FFE20H to FFF1FH.

[Operand format]

Identifier Description

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

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

Figure 3 - 21 Outline of Short Direct Addressing

OP code

saddr saddr

FFF1FH

FFE20H

Memory

Remark SADDR and SADDRP are used to describe the values of addresses FE20H to FF1FH with 16-bit
immediate data (higher 4 bits of actual address are omitted), and the values of addresses FFE20H to
FFF1FH with 20-bit immediate data.
Regardless of whether SADDR or SADDRP is used, addresses within the space from FFE20H to
FFF1FH are specified for the memory.
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3.45  SFR addressing

[Function]

SFR addressing directly specifies the target SFR addresses using 8-bit data in the instruction word. This type

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

[Operand format]

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

Figure 3 - 22 Outline of SFR Addressing

OP code

SFR

—|—> SFR

Memory

FFFFFH

FFFOOH
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3.4.6  Register indirect addressing

[Function]
Register indirect addressing directly specifies the target addresses using the contents of the register pair
specified with the instruction word as an operand address.

[Operand format]

Identifier Description
— [DE], [HL] (only the space from FOOOOH to FFFFFH is specifiable)
— ES:[DE], ES:[HL] (higher 4-bit addresses are specified by the ES register)

Figure 3 - 23 Example of [DE], [HL]

FFFFFH
poie || | Tawetmemon |
FOOOOH
Memory
Figure 3 - 24 Example of ES:[DE], ES:[HL]
FFFFFH
OP code p Target memory
00000H
Memory
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3.47 Based addressing

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

[Operand format]

Identifier Description

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

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

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

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

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

Figure 3 - 25 Example of [SP+byte]

FFFFFH

s ()] Target memory

FOOO00OH
OP code 4|

byte

Memory
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Figure 3 - 26 Example of [HL + byte], [DE + byte]

FFFFFH
rp (HL/DE) /—I3 Target memory
OP code 4' FOOOOH
byte
Memory
Figure 3 - 27 Example of word[B], word[C]
FFFFFH
r (B/C) /—I3 Target memory
OP code 4' FOOOOH
Low Addr. ]
High Addr. —
Memory
Figure 3 - 28 Example of word[BC]
FFFFFH

rp (BC) /—I3 Target memory

FOOOOH
OP code 4'

Low Addr. —|
High Addr. —
Memory
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Figure 3 - 29 Example of ES:[HL + byte], ES:[DE + byte]

rp (HL/DE)

O

OP code

i

byte

Memory

Figure 3 - 30 Example of ES:word[B], ES:word[C]

FFFFFH

00000H

FFFFFH
r (B/C) q—\ Target memory
OP code 4'
00000H
Low Addr.
Memory
High Addr.
Figure 3 - 31 Example of ES:word[BC]
FFFFFH
rp (BC) q—\ Target memory
OP code 4'
00000H
Low Addr.
Memory
High Addr.
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3.4.8 Based indexed addressing

[Function]

Based indexed addressing uses the contents of a register pair specified with the instruction word as the base

address, and the content of the B register or C register similarly specified with the instruction word as offset

address. The sum of these values is used to specify the target address.

[Operand format]

Identifier

Description

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

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

Figure 3 - 32 Example of [HL+B], [HL+C]

OP code FRFFFH
[ Target memory |
FOOOOH
r (BIC)
Memory
Figure 3 - 33 Example of ES:[HL+B], ES:[HL+C]
FFFFFH
OP code
[ orooe ]
—— o D,
00000H
r (BIC) Memory
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3.49  Stack addressing

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

[Operand format]

Identifier Description

— PUSH AX/BC/DE/HL

POP AX/BC/DE/HL
CALL/CALLT

RET

BRK

RETB

(Interrupt request generated)
RETI
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

Pin I/O buffer power supplies depend on the product. The relationship between these power supplies and the pins is

shown below.

30-pin, 32-pin products

Table 4 - 1 Pin 1/0 Buffer Power Supplies

Power Supply

Corresponding Pins

VbD

All pins

The puPD79F7027, uPD79F7028 microcontrollers are provided with digital 1/0 ports, which enable variety of control

operations.

In addition to the function as digital I/O ports, these ports have several alternate functions. For details of the alternate
functions, see CHAPTER 2 PIN FUNCTIONS.
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4.2 Port Configuration

Ports include the following hardware.

Table 4 - 2 Port Configuration

Item

Configuration

Control registers

Port mode registers (PM0-PM7, PM12, PM14)

Port registers (P0-P7, P12-P14)

Pull-up resistor option registers (PUO, PU1, PU3-PU5, PU7, PU12, PU14)
Port input mode registers (PIMO, PIM1, PIM3, PIM5)

Port output mode registers (POMO, POM1, POM3, POM5)

Port mode control registers (PMCO0, PMC12, PMC14)

A/D port configuration register (ADPC)

Peripheral I/O redirection registers (PIOR0O, PIOR1)

Port

 30-pin products

Total: 26 (CMOS I/O: 21, CMOS input: 3, N-ch open-drain 1/O: 2)
¢ 32-pin products

Total: 28 (CMOS 1/O: 22, CMOS input: 3, N-ch open-drain 1/O: 3)

Pull-up resistor ¢ 30-pin products Total: 17
¢ 32-pin products Total: 18
RO1UHO0326EJ0100 Rev. 1.00 RENESAS Page 74 of 849

Jun 20, 2012



HPD79F7027, pPD79F7028

CHAPTER 4 PORT FUNCTIONS

Caution

42.1

Most of the following descriptions in this chapter use the 32-pin products with the 00H setting in
peripheral I/O redirection register 0, 1 (PIORO, 1) as an example.

Port O

Port 0 is an I/O port with an output latch. Port O can be set to the input mode or output mode in 1-bit units using
port mode register 0 (PM0). When the P00 and P01 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 0 (PUO).

Input to the PO1 pin can be specified through a normal input buffer or a TTL input buffer in 1-bit units using port

input mode register 0 (PIMO).
Output from the P00 pin can be specified as N-ch open-drain output (VDD tolerance) in 1-bit units using port
output mode register 0 (POMO).
Input to the POO and P01 pins can be specified as analog input or digital input in 1-bit units, using port mode
control register 0 (PMCO).
This port can also be used for timer 1/0, A/D converter analog input, and serial interface data /0.

When reset signal is generated, the following configuration will be set.
« Analog input

Table 4 - 3 Settings of Registers When Using Port 0

Pin Name
PMOx PIMOx POMOx PMCOx Alternate Function Setting Remark
Name 110
P00 Input 1 — X 0 X
Output 0 0 0 TxD1 output = 1 Note 1 CMOS output
0 1 0 N-ch O.D. output
P01 Input 1 0 — 0 x CMOS input
1 1 0 x TTL input
Output 0 x 0 TOO0O0 output = 0 Note 2
TRJIOO output = 1 Note 3
Note 1. To use a pin multiplexed with the serial array unit function as a general-purpose port, set the SOmn bit in serial output
register m (SOm), the SOEmn bit in serial output enable register m (SOEm), and the SEmn bit in serial channel enable
status register m (SEm) for the corresponding unit channel to the default value. (mn = 02)
Note 2. To use a pin multiplexed with the timer output function of the timer array unit as a general-purpose port, set the TOmn bit
in timer output register m (TOm) and the TOEmn bit in timer output enable register m (TOEm) for the corresponding unit
channel to the default status. (m =0, n = 0)
Note 3. To use a pin multiplexed with the timer I/O function of timer RJ as a general-purpose port, set bits TMOD2 to TMODO in
timer RJ mode register 0 (TRIMRO) to the default value or a value other than 001B.
Remark  x: don't care
PMOx:  Port mode register O
PIMOx:  Port input mode register 0
POMOx: Port output mode register 0
PMCOx: Port mode control register 0
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For example, Figures 4 - 1 and 4 - 2 show block diagrams of port 0 for 32-pin products when PIORO = 00H,

PIOR1 = O0H.
Figure 4 - 1 Block Diagram of P00
VbD
M\ WRprU
PUO
S PUOO
P-ch
WRPMC
PMCO
& PMCO00
RD
& | S
| ©
n
é WRPORT
E PO
S Output latch N\
E © (P0O) ] 1 | © POO/ANIL7/TIO0/TXD1
WRPOM
POMO
S POMOO )
WRPM
PMO
S PMO0O
WRpPMS
PMS
& PMS0
%4
Alternate function
(TxD1)
A/D converter
PO: Port register 0
PUO:  Pull-up resistor option register 0
PMO:  Port mode register 0
POMO: Port output mode register 0
PMCO: Port mode control register 0
PMS: Port mode select register
RD: Read signal
WRxx: Write signal
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Figure 4 - 2 Block Diagram of P01

WRpPIM
PIMO
< PIMO1 VoD
WRPU
PUO
S PUO1 ) _< bch
-C
WRpPMC
PMCO
S PMCO1
Alternate function
3 CMOS
RD
g - T
2 | ]
S S 3
< | < TTL
n
WRPORT I
PO
latch
S OUt(ppugl?tc Y\ | © POL/ANIL6TO00/
i / RxD1/TRJIO0
WRpPM
PMO
& PMO1
WRPMS
PMS
S PMSO
™/
Alternate function
(TO00)
Alternate function
(TRJIO0)
A/D Converter
PO: Port register 0
PUO:  Pull-up resistor option register O
PMO:  Port mode register O
PIMO:  Port input mode register O
PMCO: Port mode control register 0
PMS:  Port mode select register
RD: Read signal
WRxx: Write signal
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4.2.2

Port 1

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

resistor can be specified in 1-bit units by pull-up resistor option register 1 (PU1).

Input to the P10 and P14 to P17 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit

units using port input mode register 1 (PIM1).

Output from the P10, P11, P13 to P15 and P17 pins can be specified as N-ch open-drain output (VDD tolerance)
in 1-bit units using port output mode register 1 (POM1).
This port can also be used for clock I/O, timer I/O, external interrupt request input, clock/buzzer output.

Reset signal generation sets port 1 to input mode.

Table 4 - 4 Settings of Registers When Using Port 1 (1/2)

Pin Name
Name o PM1x PIM1x POM1x Alternate Function Setting Note 5 Remark
P10 Input 1 0 X X CMOS input
1 1 x X TTL input
Output 0 x 0 TRDIOD1 output = 0 Note 1 CMOS output
0 X 1 N-ch O.D. output
P11 Input 1 — X X
Output 0 0 TRDIOC1 output = 0 Note 1 CMOS output
0 1 N-ch O.D. output
P12 Input 1 — — X
Output 0 TRDIOB1 output = 0 Note 1
P13 Input 1 — X X
Output 0 0 TRDIOAL1 output = 0 Note 1 CMOS output
0 1 N-ch O.D. output
P14 Input 1 0 x x CMOS input
1 1 x X TTL input
Output 0 x 0 TRDIODO output = 0 Note 1 CMOS output
0 X 1 N-ch O.D. output
P15 Input 1 0 X X CMOS input
1 1 x X TTL input
Output 0 x 0 PCLBUZ1 output = 0 Note 2 CMOS output
0 % 1 TRDIOBO output = 0 Note 1 N-ch O.D. output
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Table 4 - 5 Settings of Registers When Using Port 1 (2/2)

Pin Name
PM1x PIM1x POM1x Alternate Function Setting Note 5 Remark
Name 110
P16 Input 1 0 — X CMOS input
1 1 x TTL input
Output 0 X TOOL1 output = 0 Note 3
TRDIOCO output = 0 Note 1
P17 Input 1 0 x x CMOS input
1 1 x x TTL input
Output 0 x 0 TOO02 output = 0 Note 3 CMOS output
0 % 1 TRDIOAO output = 0 Note 1 N-ch O.D. output
(TxDO output = 1 Note 4)
Note 1. To use a pin multiplexed with the timer RD function as a general-purpose port, set the output control bit in timer RD output
master enable register 1 (TRDOERL1) for the corresponding TRDIOij pin to the default value. (i= A, B, C,D;j=0, 1)
Note 2. To use a pin multiplexed with the clock/buzzer output function as a general-purpose port, set the PCLOEi bit in clock
output select register i (CKSi) to the default status. (i = 1)
Note 3. To use a pin multiplexed with the timer output function of the timer array unit as a general-purpose port, set the TOmn bit

in timer output register m (TOm) and the TOEmn bit in timer output enable register m (TOEm) for the corresponding unit
channel to the default status. (m=0,n =1, 2)

Note 4. To use a pin multiplexed with the serial array unit function as a general-purpose port when the PIOROL1 bit in peripheral
I/O redirection register 0 (PIORO) is 1, set the SOmn bit in serial output register m (SOm), the SOEmn bit in serial output
enable register m (SOEm), and the SEmn bit in serial channel enable status register m (SEm) for the corresponding unit
channel to the default value. (mn = 00)

Note 5. Functions in parentheses in the above table can be assigned via settings in the peripheral I/O redirection registers 0, 1
(PIORO, 1).
Remark  x: don't care

PM1x:  Port mode register 1
PIM1x: Port input mode register 1
POM1x: Port output mode register 1
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Figure 4 - 3 Block Diagram of P10

M WRPIM
i PIM1
© PIM10
WRPU
l PU1
D PU10 )
Alternate function
CMOS
RD
o—
. i
o
| & TTL
A\ —_—
f | 3.
§ WRPORT ﬂ-
5 P1
c
- Output latch
~ (P10)
WRPOM
POM1
&S POM10
WRPM
PM1
& PM10
WRPMS
PMS
& PMSO0
N
Alternate function
(TRDIOD1)
P1: Port register 1

PU1:  Pull-up resistor option register 1
PM1: Port mode register 1

PIM1: Portinput mode register 1
POM1: Port output mode register 1
PMS: Port mode select register

RD: Read signal

WRxx: Write signal

VbD

P-ch

® P10/
TRDIOD1
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Figure 4 - 4 Block Diagram of P11

M\
VbD
WRPU
i PU1
S PU11
P-ch
Alternate function
RD
8]
[%) O | %
a N
‘G | WRPORT
5 P1
c
= Output latch
Fany
© (P11) _L/\ ' © P11/TRDIOC1
WRpPOM
POM1
& POM11
WRPM
PM1
S PM11
WRpPMS
PMS
S PMSO —
NS
Alternate function
(TRDIOC1)
P1: Port register 1
PU1:  Pull-up resistor option register 1
PM1:  Port mode register 1
POM1: Port output mode register 1
PMS: Port mode select register
RD: Read signal
WRxx: Write signal
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Figure 4 - 5 Block Diagram of P12

M\
VbD
WRPpPU
l PU1
S PU12 P.ch
>O—| -C
Alternate function
RD
| 5 o<l—o@7
[8]
2 ® | 3
o [%D]
| WRPORT
5] P1
<
= A Output latch TN
~ (P12) _L/ © P12/TRDIOB1
WRPM
PM1
< PM12
WRPMS
PMS
S PMSO —
NS
Alternate function
(TRDIOB1)
P1: Port register 1

PU1:  Pull-up resistor option register 1
PM1:  Port mode register 1

PMS: Port mode select register

RD: Read signal

WRxx: Write signal
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Figure 4 - 6 Block Diagram of P13

O

M\
WRPU
i PU1
S PU13
Alternate function
RD
5 o< }—o<17
& | s
| ©
n
» WRPORT
3 P1
E A Output latch
2 ~ (P13)
IS
WRPOM
POM1
o POM13
WRPM
PM1
& PM13
WRPMS
PMS
S PMSO0
N
Alternate function
(TRDIOA1)
P1: Port register 1

PU1:  Pull-up resistor option register 1
PM1:  Port mode register 1

PIM1: Portinput mode register 1
POM1: Port output mode register 1
PMS: Port mode select register

RD: Read signal

WRxx: Write signal

VbD

P-ch

—© P13/TRDIOAL
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Figure 4 - 7 Block Diagram of P14

VbD

P-ch

M WRPIM
PIM1
& PIM14
WRPU
PU1
Alternate function
CMOS
RD
o—q
- yij
| e
[}
" = | 2 TTL
B (%]
g WRPORT ﬂ
3 P1
c
= A Output latch
~ (P14)
WRPOM
POM1
& POM14
WRPM
PM1
S PM14
WRPMS
PMS
S PMSO0
N\
Alternate function
(TRDIODO)
P1: Port register 1

PU1:  Pull-up resistor option register 1
PM1: Port mode register 1

PIM1: Portinput mode register 1
POM1: Port output mode register 1
PMS: Port mode select register

RD: Read signal

WRxx: Write signal

—O P14/TRDIODO
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Figure 4 - 8 Block Diagram of P15

B WRpPIM
PIM1
S PIM15 Vbp
WRPU
PU1
S PU15 |
| P-ch
Alternate function
CMOS
RD
o—q
N /i
| 2
= ks TTL
2 ' #
© WRPORT -U
£ P1
]
= A Output latch P15/
i (P15) —QO PCLBUZY/
TRDIOBO
WRPOM
POM1
4 POM15
WRPM
PM1
S PM15
WRpPMS
PMS
S PMSO
N/
Alternate function
(PCLBUZ1)
Alternate function
(TRDIOBO)
P1: Port register 1
PU1:  Pull-up resistor option register 1
PM1:  Port mode register 1
PIM1: Portinput mode register 1
POM1: Port output mode register 1
PMS: Port mode select register
RD: Read signal
WRxx: Write signal
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Figure 4 - 9 Block Diagram of P16

WRPIM
Jh PIM1
S PIM16 VbD
WRPU
l PU1
A PU16
—‘ P-ch
Alternate function
CMOS
RD
0—4
@ il
2 S
£ O | 8 TTL
g | 2
=
WRPORT .ﬁ-
P1
Output latch
o
~ (P16) RN | O
WRPM _L/
PM1
& PM16
WRPMS
PMS
& PMS0O
N
Alternate function
(TO01)
Alternate function
(TRDIOCO)
P1: Port register 1

PU1:  Pull-up resistor option register 1
PM1:  Port mode register 1

PIM1: Portinput mode register 1
PMS: Port mode select register

RD: Read signal

WRxx: Write signal

P16/TI01/TO01/
INTP5/TRDIOCO
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Figure 4 - 10 Block Diagram of P17

Selector

VDD
e
CMOS
O—l
VA
TTL
T
P17/TI02/TO02/
—1}_/\ ’ —© TRDIOAO/
TRDCLKO

WRPIM
PIM1
= PIM17
WRPU
PU1
& PU17
Alternate function
RD
PanY |
9 |
>
o)
Tg WRPORT
5 P1
<
= A Output latch
~ (P17)
WRPOM
POM1
<) POM17
WRPM
PM1
S PM17
WRPMS
PMS
S PMSO0
N
Alternate function
(TO02)
Alternate function
(TRDIOAO)
P1: Port register 1

PU1:  Pull-up resistor option register 1
PM1:  Port mode register 1

PIM1: Portinput mode register 1
POM1: Port output mode register 1
PMS: Port mode select register

RD: Read signal

WRxx: Write signal
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42.3 Port 2

Port 2 is an I/O 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, and (+side and - side) reference voltage input.

To use P20/ANIO/AVREFP, P21/ANI1/AVREFM, P22/ANI2, P23/ANI3 as digital input pins, set them in the digital I/O
mode by using the A/D port configuration register (ADPC) and in the input mode by using the PM2 register. Use

these pins starting from the upper bit.
To use P20/ANIO/AVREFP, P21/ANI1/AVREFM, P22/ANI2, P23/ANI3 as digital output pins, set them in the digital
1/0 mode by using the ADPC register and in the output mode by using the PM2 register.

To use P20/ANIO/AVREFP, P21/ANI1/AVREFM, P22/ANI2, P23/ANI3 as analog I/O pins, set them in the analog 1/O
mode by using the A/D port configuration register (ADPC) and in the input mode by using the PM2 register. Use

these pins starting from the lower bit.

Table 4 - 6 Settings of Registers When Using Port 2

Pin Name
PM2x ADPC Alternate Function Setting Remark
Name /10
P2n Input 1 01 to n+1H To use P2n as a port, use these pins from a
Output 0 01 to n+1H higher bit.

Remark 1. PM2x: Port mode register 2
ADPC: A/D port configuration register

Remark 2. n=0t0 3

Table 4 - 7 Setting Functions of P20/ANIO to P23/ANI3 Pins

ADPC Register

PM2 Register

ADS Register

P20/ANIO to P23/ANI3 Pins

Digital 1/0 selection

Input mode

Digital input

Output mode

Digital output

Analog input selection

Input mode

Selects ANI.

Analog input (to be converted)

Does not select ANI.

Analog input (not to be converted)

Output mode

Selects ANI.

Setting prohibited

Does not select ANI.

All P20/ANIO to P23/ANI3 are set in the analog input mode when the reset signal is generated.
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For example, Figures 4 - 11 shows a block diagram of port 2 for 32-pin products.

Figure 4 - 11 Block Diagram of P20, P21, P22, P23

M
WRADPC
ADPC 0: Analog input
1: Digital 1/0
&S ADPC3 to ADPCO
RD
—(_F
| S
& 3
| 3
(]
2]
2 | WRPORT
= P2 ]
% P20/ANIO/AVREFP,
£ EN Output latch © P2LANIL/AVREFM,
~ (P20, P21, P22, P23) P22/ANI2,
WRPM P23/ANI3
PM2
154 P20, P21, P22, P23 e
WRpPMS |_
PMS
S PMSO0 —
A/D converter=
—~/
pP2: Port register 2
PM2:  Port mode register 2
PMS:  Port mode select register
RD: Read signal
WRxx: Write signal
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4.2.4 Port 3

Port 3 is an I/O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units using
port mode register 3 (PM3). When the P30 and P31 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 3 (PU3).

Input to the P30 pin can be specified through a normal input buffer or a TTL input buffer in 1-bit units using port
input mode register 3 (PIM3).

Output from the P30 pin can be specified as N-ch open-drain output (VDD tolerance) in 1-bit units using port
output mode register 3 (POM3).

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

Reset signal generation sets port 3 to input mode.

Figures 4 - 12 and 4 - 13 show block diagrams of port 3.

Table 4 - 8 Settings of Registers When Using Port 3

Pin Name
PM3x PIM3x | POM3x Alternate Function Setting Note 6 Remark
Name le}
P30 Input 1 0 x X CMOS input
1 1 x x TTL input
Output 0 X 0 SCKO00/SCL00 output = 0 Note 1 CMOS output
0 X 1 TRJOO output = 0 Note 2 N-ch O.D. output
P31 Input 1 — — X CMOS input
Output 0 TOO03 output = 0 Note 3
PCLBUZO0 output = 0 Note 4
(TRJIOO output = 0 Note 5)
Note 1. To use a pin multiplexed with the serial array unit function as a general-purpose port, set the CKOmn bit in serial output

register m (SOm), the SOEmn bit in serial output enable register m (SOEm), and the SEmn bit in serial channel enable
status register m (SEm) for the corresponding unit channel to the default value. (mn = 00)

Note 2. To use a pin multiplexed with the output function of timer RJ as a general-purpose port, set bit 2 (TOENA) in timer RJ /O
control register 0 (TRJIOCO) to the default value.

Note 3. To use a pin multiplexed with the timer output function of the timer array unit as a general-purpose port, set the TOmn bit
in timer output register m (TOm) and the TOEmn bit in timer output enable register m (TOEm) for the corresponding unit
channel to the default status. (m =0, n = 4)

Note 4. To use a pin multiplexed with the clock/buzzer output function as a general-purpose port, set the PCLOEi bit in clock
output select register i (CKSi) to the default value. (i = 0)
Note 5. To use a pin multiplexed with the timer 1/O function of timer RJ as a general-purpose port when bits PIOR11 and PIOR10

in peripheral 1/0 redirection register 1 (PIOR1) are 01B, set bits TMOD2 to TMODO in timer RJ mode register 0
(TRIMRO) to the default value or a value other than 001B.

Note 6. Functions in parentheses in the above table can be assigned via settings in the peripheral I/O redirection registers 0, 1
(PIORO, 1).
Remark  x: don't care

PM3x:  Port mode register 3
PIM3x:  Port input mode register 3
POM3x: Port output mode register 3
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For example, Figures 4 - 12 and 4 - 13 show block diagrams of port 3 for 32-pin products when PIOR1 = O0H.

Figure 4 - 12 Block Diagram of P30

M WRPIM
PIM3
S PIM30 VbD
WRPU
PU3
& PU30
—{ P-ch
Alternate function
CMOS
RD
00—
N Vi
9
S | o TTL
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= WRPORT ﬂ
£ P3
o
c
& O”tfpuéé")"mh P30/INTP3/
— —QO SCK00/SCLOO/
WRPOM TRJOO
POM3
& POM30
WRPM
PM3
S PM30
WRPMS
PMS
& PMSO
%
Alternate function
(SCK00/SCL00)
Alternate function
(TRJOO)
P3: Port register 3
PU3:  Pull-up resistor option register 3
PM3:  Port mode register 3
PIM3:  Port input mode register 3
POM3: Port output mode register 3
PMS: Port mode select register
RD: Read signal
WRxx: Write signal
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Figure 4 - 13 Block Diagram of P31

VbD
™ WRPU
Jh PU3
& PU31 N
b—{ P-c
Alternate function
RD
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Q2 n
3 -
g WRPORT
£ P3
Output latch
4 (P31) R © P3UTISTo0s/
WRPM - INTP4/PCLBUZO
PM3
& PM31
WRpPMS
PMS
& PMSO0
~_/
Alternate function
(TOO03)
Alternate function
(PCLBUZO0)
P3: Port register 3
PU3:  Pull-up resistor option register 3
PM3:  Port mode register 3
PIM3:  Port input mode register 3
PMS: Port mode select register
RD: Read signal
WRxx: Write signal
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4.2.5

Port 4 is an I/O port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units using
port mode register 4 (PM4). When the P4 pin is used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 4 (PU4).

This port can also be used for data I/O for a flash memory programmer/debugger, clock I/O, and external
interrupt request input.

Port

4

Reset signal generation sets port 4 to input mode.

Table 4 - 9 Settings of Registers When Using Port 4

Pin Name
PM4x PIM4x POM4x Alternate Function Setting Remark
Name /10
P40 Input 1 X
Output 0 x

Caution When atool is connected, the P40 pin cannot be used as a port pin.
Remark  x: don't care

PM4x:  Port mode register 4

PIM4x: Port input mode register 4

POM4x: Port output mode register 4
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For example, Figure 4 - 14 show block diagrams of port 4 for 32-pin products.

Figure 4 - 14 Block Diagram of P40

EVpD

M
WRpPU
l PU4
S PU40
P-ch
Alternate function
RD
l 5 o<l—o@l—
| 2
%) ~ | ©
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o P4
=
A Output latch _
™~ (P40) =
ks © P40/TOOLO
WRpPM %
PM4 ]
S PM40
WRPMS
PMS
D PMSO0
~_/
Alternate function
(TOOLO)
P4: Port register 4
PU4:  Pull-up resistor option register 4
PM4:  Port mode register 4
PMS:  Port mode select register
RD: Read signal
WRxx: Write signal
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4.2.6

Port 5

Port 5 is an I/O port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units using
port mode register 5 (PM5). When the P50 and P51 pins are used as an input port, use of an on-chip pull-up

resistor can be specified in 1-bit units by pull-up resistor option register 5 (PU5).

Input to the P50 pin can be specified through a normal input buffer or a TTL input buffer in 1-bit units using port
input mode register 5 (PIM5).
Output from the P50 and P51 pins can be specified as N-ch open-drain output (VDD tolerance) in 1-bit units using

port output mode register 5 (POM5).

This port can also be used for external interrupt request input, serial interface data I/O, and programming UART

transmission/reception.

Reset signal generation sets port 5 to input mode.

Table 4 - 10 Settings of Registers When Using Port 5

Pin Name
PM5x PIM5x POM5x Alternate Function Setting Remark
Name 110
P50 Input 1 0 x x CMOS input
1 1 x x TTL input
Output 0 X 0 SDAO0O output = 1 Note 1 CMOS output
0 x 1 N-ch O.D. output
P51 Input 1 — X X
Output 0 0 SO00/TxDO output = 1 Note 2 CMOS output
0 1 N-ch O.D. output
Note 1. To use a pin multiplexed with the serial array unit function as a general-purpose port, set the CKOmn bit in serial output
register m (SOm), the SOEmn bit in serial output enable register m (SOEm), and the SEmn bit in serial channel enable
status register m (SEm) for the corresponding unit channel to the default value. (mn = 00)
Note 2. To use a pin multiplexed with the serial array unit function as a general-purpose port, set the SOmn bit in serial output
register m (SOm), the SOEmn bit in serial output enable register m (SOEm), and the SEmn bit in serial channel enable
status register m (SEm) for the corresponding unit channel to the default value. (mn = 00)
Remark  x: don't care

PM5x:  Port mode register 5

PIM5x:  Port input mode register 5
POM5x: Port output mode register 5
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For example, Figures 4 - 15 and 4 - 16 show block diagrams of port 5 for 32-pin products when PIORO = O0H.

Figure 4 - 15 Block Diagram of P50
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PMS
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4
Alternate function
(SDAO00)
P5: Port register 5

PU5:  Pull-up resistor option register 5
PM5:  Port mode register 5

PIM5:  Port input mode register 5
POMS5: Port output mode register 5
PMS:  Port mode select register

RD: Read signal

WRxx: Write signal

P50/INTP1/SI00/
—© RXDO/TOOLRXD/
SDA0O
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Figure 4 - 16 Block Diagram of P51
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Alternate function
(SO00/TxDO0)
P5: Port register 5
PU5:  Pull-up resistor option register 5
PM5:  Port mode register 5
POMS5: Port output mode register 5
PMS:  Port mode select register
RD: Read signal
WRxx: Write signal
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427 Port 6

Port 6 is an I/O 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).

The output of the P60 to P62 pins is N-ch open-drain output (6 V tolerance).

This port can also be used for chip select input.

Reset signal generation sets port 6 to input mode.

Table 4 - 11 Settings of Registers When Using Port 6

Pin Name
PM6x Alternate Function Setting Remark
Name lfe}

P60 Input 1 X

Output 0 X
P61 Input 1 X

Output 0 X
P62 Input 1 X

Output 0 X
Remark  x: don't care

PM6x: Port mode register 6
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For example, Figure 4 - 17 show block diagrams of port 6 for 32-pin products.

Figure 4 - 17 Block Diagram of P60 to P62
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P6: Port register 6
PM6:  Port mode register 6
PMS:  Port mode select register
RD: Read signal
WRxx: Write signal
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42.8 Port 7

Port 7 is an I/O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units using
port mode register 7 (PM7). When used as an input port, use of an on-chip pull-up resistor can be specified in 1-
bit units by pull-up resistor option register 7 (PU7).
Reset signal generation sets port 7 to input mode.

Table 4 - 12 Settings of Registers When Using Port 7

Pin Name
PM7 POM7x Alternate Function Setting Remark
Name I/O
P70 Input 1 X X
Output 0 0 X
Remark  x: don't care

PM7x:  Port mode register 7
POM7x: Port output mode register 7
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For example, Figure 4 - 18 show block diagrams of port 7 for 32-pin products.

Figure 4 - 18 Block Diagram of P70

™ WRPpU
l PU7
S PU70
P-ch
Alternate function
RD
| g
(8]
0 S | %
3 n
©
c WRPORT
2 pP7
£
Output latch
Fany
~ (P70) ©F70
WRpPM
PM7
& PM70
WRpPMs
PMS
= PMSO0
N
P7: Port register 7
PU7:  Pull-up resistor option register 7
PM7:  Port mode register 7
PMS:  Port mode select register
RD: Read signal
WRxx: Write signal
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429 Port 12

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

P121 and P122 are 2-bit input ports.

Input to the P120 pin can be specified as analog input or digital input in 1-bit units, using port mode control
register 12 (PMC12).

This port can also be used for A/D converter analog input, connecting resonator for main system clock, and
external clock input for main system clock.

Reset signal generation sets P120 to analog input, and sets P121 and P122 to input mode.

Table 4 - 13 Settings of Registers When Using Port 12

Pin Name
PM12 PMC12x Alternate Function Setting Remark
Name 1/O

P120 Input 1 0 X

Output 0 0 X
P121 Input OSCSEL bit of CMC register =0

or EXCLK bit=1

P122 Input — — OSCSEL bit of CMC register =0

Caution  The function setting on P121 and P122 is available only once after the reset release. The port once set for
connection to an oscillator cannot be used as an input port unless the reset is performed.

Remark  x: don't care
PM12x: Port mode register 12
PMC12x: Port mode control register 12
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For example, Figures 4 - 19 and 4 - 20 show block diagrams of port 12 for 32-pin products.

Figure 4 - 19 Block Diagram of P120
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pP12: Port register 12

PU12: Pull-up resistor option register 12
PM12: Port mode register 12

PMC12: Port mode control register 12
PMS:  Port mode select register

RD: Read signal

WRxx: Write signal
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Figure 4 - 20 Block Diagram of P121 and P122
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CMC: Clock operation mode control register
RD: Read signal
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4.2.10 Port 13
P137 is a 1-bit input-only port.

P137 is fixed an input ports.

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

Table 4 - 14 Settings of Registers When Using Port 13

Pin Name . .
Alternate Function Setting Remark
Name 110
P137 Input x
Remark  x:don't care
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For example, Figure 4 - 21 show block diagrams of port 13 for 32-pin products.

Figure 4 - 21 Block Diagram of P137
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42.11 Portl4

Port 14 is an I/O port with an output latch. Port 14 can be set to the input mode or output mode in 1-bit units using
port mode register 14 (PM14). When the P147 pin is used as an input port, use of an on-chip pull-up resistor can
be specified in 1-bit units by pull-up resistor option register 14 (PU14).

Input to the P147 pin can be specified as analog input or digital input in 1-bit units, using port mode control
register 14 (PMC14).

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

Reset signal generation sets P147 to analog input mode.

Table 4 - 15 Settings of Registers When Using Port 14

Pin Name
PM14x PIM14x | POM14x | PMC14x Alternate Function Setting Remark
Name I/O
P147 Input 1 — — 0 X
Output 0 0 X
Remark  x: don't care

PM14x: Port mode register 14
PIM14x: Port input mode register 14
POM14x:Port output mode register 14
PMC14x:Port mode control register 14
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For example, Figure 4 - 22 show block diagrams of port 14 for 32-pin products.

Figure 4 - 22 Block Diagram of P147
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P14: Port register 14
PU14: Pull-up resistor option register 14
PM14: Port mode register 14
PMC14: Port mode control register 14
PMS:  Port mode select register
RD: Read signal
WRxx: Write signal
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4.3 Registers Controlling Port Function

Port functions are controlled by the following registers.

« Port mode registers (PMxx)

* Port registers (Pxx)

« Pull-up resistor option registers (PUxx)

« Port input mode registers (PIMxx)

« Port output mode registers (POMxXx)

« Port mode control registers (PMCxx)

« A/D port configuration register (ADPC)

« Peripheral 1/O redirection register 0, 1 (PIORO0, PIOR1)

Caution The undefined bits in each register vary by product and must be used with their initial value.

Table 4 - 16 PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits mounted on each product
(30-pin products and 32-pin products) (1/3)

Bit name
Port 32- pin | 30- pin
PMxx register | Pxxregister | PUxx register | PIMxx register | POMxx register | PMCxx register

Port0 |0 PM0O P00 PUOO — POMOO0 PMCO00
1 PMO1 PO1 PUO1 PIMO1 — PMCO1 v <
2 — — — — — — — —
3 — — — — — — — —
4 — — — — — — — —
5 — — — — — — — —
6 J— J— J— J— J— — — J—
7 J— J— J— J— — J— J— —

Portl |0 PM10 P10 PU10 PIM10 POM10 — \ J
1 PM11 P11 PU11 — POM11 — \ J
2 PM12 P12 PU12 — — — \ J
3 PM13 P13 PU13 — POM13 — \ J
4 PM14 P14 PU14 PIM14 POM14 — v J
5 PM15 P15 PU15 PIM15 POM15 — v J
6 PM16 P16 PU16 PIM16 — — v J
7 PM17 P17 PU17 PIM17 POM17 — v J

Port2 |0 PM20 P20 — — — — N N
1 PM21 P21 — — — _ N N
2 PM22 P22 — — — — 3 J
3 PM23 P23 — — — — 3 J
4 — — — — — — — —
5 — — — — — — — —
6 — — — — — — — —
7 — — — — — — — —
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Table 4 - 17 PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits mounted on each product
(30-pin products and 32-pin products) (2/3)

Bit name
Port 32- pin | 30- pin
PMxx register | Pxxregister | PUxx register | PIMxx register | POMxx register | PMCxx register

Port 3 0 PM30 P30 PU30 PIM30 POM30 —
1 PM31 P31 PU31 — — — v J
2 — — — — — — — —
3 — — — — _ — — _
4 — — — — — — — —
5 — — — — — — — —
6 — — — — — — — —
7 J— J— J— J— J— J— J— J—

Port4 |0 PM40 P40 PU40 — — — v v
1 — — — — — — — —
2 — — — — _ — — _
3 — — — — — — — —
4 — — — — — — — —
5 — — — — — — — —
6 — — — — — — — _
7 — — — — — — — —

Port 5 0 PM50 P50 PU50 PIM50 POM50 — v <
1 PM51 P51 PU51 — POMS51 — V J
2 — — — — _ — — _
3 — — — — — — — —
4 — — — — — — — —
5 — — — — — — — —
6 — — — — i — — —
7 J— J— J— J— J— J— J— J—

Port6 |0 PM60 P60 — — — — V J
1 PM61 P61 — — — _ N N
2 PM62 P62 — — — — \ —
3 — — — — — — — —
4 — — — — — — — —
5 — — — — — — — —
6 — — — — — — — —
7 — — — — — — — —

Port7 |0 PM70 P70 PU70 — — — 3 —
1 — — — — — — — —
2 — — — — — — — —
3 — — — — — — — —
4 — — — — — — — —
5 — — — — — — — —
6 — — — — — — — —
7 — — — — — — — —
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Table 4 - 18 PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits mounted on each product
(30-pin products and 32-pin products) (3/3)

Bit name
Port 32- pin | 30- pin
PMxx register | Pxxregister | PUxx register | PIMxx register | POMxx register | PMCxx register
Port12 | 0 PM120 P120 PU120 — — PMC120 y J
1 — P121 — — — — v J
2 — P122 — — — — N N
3 — — — — — — — —
4 — — — — — — — —
5 — — — — — — — —
6 _ _ _ _ _ _ _ _
7 — — — — — — — —
Port13 | O — — — — — — — —
1 — — — — — — — —
2 — — — — — — — —
3 — — — — — — — —
4 — — — — — — — —
5 — — — — — — — —
6 — — — — — — — —
7 — P137 — —_ — — N N
Port14 | O — — — — — — — —
1 — — — — — — — —
2 — — — — — — — —
3 — — _ _ _ _ _ _
4 — — — — — — — —
5 — — — — — — — —
6 — — — — — — — —
7 PM147 P147 PU147 — — PMC147 \/ J

The format of each register is described below. The description here uses the 32-pin products as an example.
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For the registers mounted on others than 32-pin products, refer to Tables 4 -4to 4 - 6.

(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 Related Register When Using Alternate Function.

Figure 4 - 23 Format of Port mode register (32-pin products)

Symbol 7 6 5 4 3 2 1 0 Address After reset RIW
pmol 1 [ 1 | 1 | 1 [ 1 | 1 [PMOL|PMO0O| FFF20H FFH RIW
PM1| PM17 [ PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |  FFF21H FFH RIW
PM2| 1 | 1 | 1 | 1 [PM23|PM22[PM21|PM20|  FFF22H FFH RIW
P3| 1 | 1 | 1 | 1 [ 1 | 1 [PM31|PM30| FFF23H FFH RIW
P4l 1 [ 1 | 1 | 1 [ 1 | 1 [ 1 [PM40| FFF24H FFH RIW
pms| 1 [ 1 | 1 | 1 [ 1 | 1 [PM51|PM50| FFF25H FFH RIW
pme| 1 | 1 | 1 | 1 [ 1 |PVM62|PM6l|PM60| FFF26H FFH RIW
pm7| 1 [ 1 | 1 | 1 [ 1 | 1 [ 1 [PM70| FFF27H FFH RIW

pmi2f 1 | 1 | 1 [ 1 | 1 | 1 | 1 [PM120| FFF2CH FFH RIW
Pmi4(PMi47| 1 | 1 [ 1 | 1 | 1 [ 1 | 1 | FFF2EH FFH RIW
MmN Pmn pin /O mode selection

(m=0to7,12,14;n=0t0 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Caution

Be sure to set bits 2 to 7 of the PMO register, bits 4 to 7 of the PM2 register, bits 2 to 7 of the PM3

register, bits 1 to 7 of the PM4 register, bits 2 to 7 of the PM5 register, bits 3 to 7 of the PM6 register,
bits 1 to 7 of the PM7 register, bits 1 to 7 of the PM12 register, and bits 0 to 6 of the PM15 register to

wq
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(2) Port registers (Pxx)
These registers set the output latch value of 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 Note,
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Note If POO, P01, P20 to P23, P120, and P147 are set up as analog inputs of the A/D converter, or when a
port is read while in the input mode, 0 is always returned, not the pin level.

Figure 4 - 24 Format of Port register (32-pin products)

Symbol 7 6 5 4 3 2 1 0 Address After reset RIW
PO| 0 | 0 | 0 | 0 | 0 | 0 | PO1 | P00 | FEFOOH 0O0H (output latch) RIW
P1| P17 | P16 | P15 | P14 | P13 | P12 | P11 | P10 | FFFO1H 0O0H (output latch) RIW
P2| 0 | 0 | 0 | 0 | P23 | P22 | P21 | P20 | FFFO2H OOH (output latch) RIW
P3| 0 | 0 | 0 | 0 | 0 | 0 | P31 | P30 | FFFO3H OOH (output latch) RIW
pal o | o [ o | o | o [ o | o | Ps | FFFO4H 0OH (output latch) RIW
ps| o | o [ o | o | o | o |P51]|Ps0O [ FFFOSH 0OH (output latch) RIW
Pl o | o | o | o | o [ P62 | P61 | P60 [ FFFOBH 00H (output latch) RIW
p7[ o | o [ o | o | o [ o | o |[P70[ FFFOTH 0OH (output latch) RIW
Pi2f o [ o | o [ o | o |P122[p121|P120| FFFOCH Undefined R/W Note
Pi3[p37| o | o | o | o | o | o | o | FFFODH Undefined R/W Note
P4l P47 o | o | o [ o | o | 0 [ 0 | FFFOEH  OOH (output latch) RIW

ot m=0t07,12to14;n=0to 7
Output data control (in output mode) Input data read (in input mode)
0 |Outputo Input low level
1 |Outputl Input high level
Note P121, P122, and P137 are read-only.
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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 00H (Only PU4 is set to 01H).

Figure 4 - 25 Format of Pull-up resistor option register (32-pin products)

Symbol 7 6 5 4 3 2 1 0 Address After reset RIW
puol o [ o | o | o | o | o [Puoi|Pu0O|  FOO30H 00H RIW
PUL| PU17 | PUL6 | PUL5 | PU14 | PUL3 | PUL2 | PULL | PUL0 [  FOO31H 00H RIW
P3| o [ o [ o | o [ o | o |[PU3L|[PU30| FOO33H 00H RIW
pusl o [ o [ o | o [ o | o | o [Pud| Fo034H 01H RIW
pus| o [ o [ o | o | o | o |Pusi|Puso| FoO35H 00H RIW
pu7[ o [ o [ o | o [ o | o | o [Puro| FOO37H 00H RIW

pui2| o [ o | o | o [ o | o | 0 [PU120| FOO3CH 00H RIW
pui4lpuia7| o | o | o [ o | o | o [ o [ FOO3EH 00H RIW
BUmN Pmn pin on-chip pull-up resistor selection

(m=0,1,3t05,7,12,14;,n=0t0 7)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected
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(4) Port input mode registers (PIMO, PIM1, PIM3, PIM5)
These registers set the input buffer of P01, P10, P13 to P17, P30, and P50 in 1-bit units.
TTL input buffer can be selected during serial communication with an external device of the different potential.

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

Reset signal generation clears these registers to O0H.

Figure 4 - 26 Format of Port input mode register (32-pin products)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PIMO| 0 | 0 | 0 | 0 | 0 | 0 |PIM01| 0 | FO040H OOH RIW
P|M1| PIM17 | PIM16 | PIM15 | PIM14| 0 | 0 | 0 |PIM10| FO041H OOH RIW
PIM3| 0 | 0 | 0 | 0 | 0 | 0 | 0 |PIM30| F0043H 00H RIW
PIM5| 0 | 0 | 0 | 0 | 0 | 0 | 0 |PIM50| F0045H 0OH RIW

Pmn pin input buffer selection
PIMmn
(m=0,1,3,5;n=0,1,3t07)
0 Normal input buffer
1 TTL input buffer
RO1UHO0326EJ0100 Rev. 1.00 RENESAS Page 115 of 849

Jun 20, 2012



HPD79F7027, pPD79F7028

CHAPTER 4 PORT FUNCTIONS

(5) Port output mode registers (POMO, POM1, POM3, POM5)
These registers set the output mode of P00, P10, P11, P13 to P15, P17, P30, P50, and P51 in 1-bit units.
N-ch open-drain output (VDD tolerance) mode can be selected during serial communication with an external

device of the different potential, and for the SDAOO pin during simplified I12C communication with an external

device of the same potential.

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

Reset signal generation clears these registers to O0H.

Figure 4 - 27 Format of Port output mode register (32-pin products)

Symbol 7 6 5 4 2 1 0 Address After reset R/W
POM0| 0 | 0 | 0 | 0 | | 0 | 0 |POMOO| FOO50H OOH RIW
POM1 |POM17| 0 |POM15|POM14|POM13| 0 |POM11|POM10| FOO51H OOH RIW
POM3| 0 | 0 | 0 | 0 | | 0 | 0 |POM30| FOO53H OOH RIW
POM5| 0 | 0 | 0 | 0 | | 0 |POM51|POM50| FOO55H OOH RIW

Pmn pin output mode selection
POMmMN
(m=0,1,3,5n=0,1,3t05,7)
0 Normal output mode
1 N-ch open-drain output (VoD tolerance) mode
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(6) Port mode control registers (PMCO, PMC12, PMC14)
These registers set the P00, P01, P120, and P147 digital I/O/analog input in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to FFH.

Figure 4 - 28 Format of Port mode control register (32-pin products)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PMCOl 1 | 1 | 1 | 1 | 1 | 1 |PMC01|PMC00| FO060H FFH RIW
PMC12| 1 | 1 | 1 | 1 | 1 | 1 | 1 |PMC120| FOO6CH FFH RIW
PMC14 | PMC147| 1 | 1 | 1 | 1 | 1 | 1 | 1 | FOO6EH FFH RIW
PMCmN Pmn pin digital I/O/analog input selection
(m=0,12,14;n=0,1,7)
0 Digital I/0O (alternate function other than analog input)
1 Analog input
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(7) AJD port configuration register (ADPC)
This register is used to switch the P20/ANIO, P21/ANI1, P22/ANI2, and P23/ANI3 pins to digital I/O of port or
analog input of A/D converter.
The ADPC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to O0OH.

Figure 4 - 29 Format of A/D port configuration register (ADPC)

Address: FOO76H After reset: O0OH R/W
Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 ADPC3 | ADPC2 | ADPC1 ADPCO
Analog I/O (A)/digital 1/0O (D) switching
ADPC3 ADPC2 ADPC1 ADPCO
ANI3/P23 ANI2/P22 ANI1/P21 ANIO/P20
0 0 0 0 A A A A
0 0 0 1 D D D
0 0 1 0 D D D A
0 0 1 1 D D A A
0 1 0 0 D A A A
0 1 0 1 A A A A
0 1 1 0 A A A A
0 1 1 1 A A A A
1 0 0 0 A A A A
1 0 0 1 A A A A
1 0 1 0 A A A A
1 0 1 1 A A A A
1 1 0 0 A A A A
1 1 0 1 A A A A
1 1 1 0 A A A A
1 1 1 1 A A A A
Other than above Setting prohibited

Caution 1. Set the channel used for A/D conversion to the input mode by using port mode register 2 (PM2).
Caution 2. Do not set the pin set by the ADPC register as digital I/O by the analog input channel specification
register (ADS).
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(8) Peripheral I/O redirection register 0 (PIORO)
This register is used to specify whether to enable or disable the peripheral I/O redirect function.
This function is used to switch ports to which alternate functions are assigned.
The PIORO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to O0OH.

Figure 4 - 30 Format of Peripheral I/O redirection register 0 (PIORO)

Address: FOO77H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
PIORO 0 0 0 0 0 0 PIORO1 0
32/30-pin
Bit Function Setting value

0 1

PIORO1 TxDO P51 P17

RxDO P50 P16

SCLOO0 P30 —

SDAO0O P50 —

SI00 — —

SO00 — —

SCKO00 P30 —
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(9) Peripheral I/O redirection register 1 (PIOR1)

This register is used to specify whether to enable or disable the peripheral I/O redirect function.

This function is used to switch ports to which alternate functions are assigned.

The PIORL1 register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to O0OH.

Figure 4 - 31 Format of Peripheral I/O redirection register 1 (PIOR1)

Address: FOO79H After reset: 0OH R/W
Symbol 7 6 5 4 3 2 0
PIOR1 0 0 0 0 PIOR13 PIOR12 PIOR10
PIOR13 PIOR12 Timer RJ TRJOO pin select
0 0 Double as P30/INTP3/SCK00/SCL00
0 1 Double as P50/INTP1/SI00/RxD0/TOOLRxD/SDAOO
1 0 Double as POO/ANI17/TI00/TxD1
1 1 Setting prohibited
PIOR11 PIOR10 Timer RJ TRJIOO pin select
0 0 Double as PO1/ANI16/TO00/RxD1
0 1 Double as P31/TI03/TO03/INTP4/PCLBUZ0
1 0 Setting prohibited
1 1
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4.4 Port Function Operations

Port operations differ depending on whether the input or output mode is set, as shown below.

4.4.1  Writing to I/O port

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

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

4.4.2 Reading from 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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4.4.4

Itis possible to connect an external device with a different potential (2.5 V or 3 V) by changing VbD to accord with
the power supply of the connected device.

Connecting to external device with different potential (2.5V, 3V)

I/0 connection with an external device operating on 2.5 V or 3 V when the system is operating on Vopo = 4.0 V to
5.5 Vs still possible via the serial interface by using ports 0, 1, 4, and 5.

External device VDD

3V

40V<VbD<55V

25V

3.3V<Vbpb<4.0V

Regarding inputs, CMOS/TTL switching is possible on a bit-by-bit basis by the port input mode registers (PIMO,
PIM1, PIM3, and PIM5).

Moreover, regarding outputs, different potentials can be supported by switching the output buffer to the N-ch
open-drain (VDD tolerance) by the port output mode registers (POMO, POM1, POM3, and POM5).

(1) Setting procedure when using I/0 pins of UARTO, UART1, and CSIOO0 functions

(@)

(b)

Use as 2.5V, 3 V input port

<1> If pull-up is needed, externally pull up the pin to be used (on-chip pull-up resistor cannot be used).

In case of UARTO: P50 (P16)
In case of UART1: P01
In case of CSIO00: P30, P50 (P16)

Remark Functions in parentheses can be assigned via settings in the peripheral 1/O redirection
register (PIORO).

<2> After reset release, the port mode is the input mode (Hi-Z).
<3> Set the corresponding bit of the PIMO, PIM1, PIM3, and PIM5 registers to 1 to switch to the TTL input
buffer.

<4> VIH/VIL operates on 2.5V, 3 V operating voltage.

Use as 2.5V, 3V output port
<1> Pull up externally the pin to be used (on-chip pull-up resistor cannot be used).

In case of UARTO: P51 (P17)
In case of UART1: P00
In case of CSIO00: P30, P51 (P17)

Remark Functions in parentheses can be assigned via settings in the peripheral 1/O redirection
register (PIORO).

<2> After reset release, the port mode changes to the input mode (Hi-Z).

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

<4> Set the corresponding bit of the POMO, POM1, POM3, and POMS5 registers to 1 to set the N-ch
open-drain output (VDD withstand voltage) mode.

<5> Set the output mode by manipulating the PMO, PM1, PM3, and PM5 registers.
At this time, the output data is high level, so the pin is in the Hi-Z state.

<6> Communication is started by setting the serial array unit.
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(2) Setting procedure when using I/O pins of simplified 11CO0 function

<1> Externally pull up the pin to be used (on-chip pull-up resistor cannot be used).
In case of simplified 11C00: P30, P50

<2> After reset release, the port mode is the input mode (Hi-Z).

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

<4> Set the corresponding bit of the POM3 and POMS5 registers to 1 to set the N-ch open-drain output
(VoD tolerance) mode.

<5> Set the corresponding bit of the PM3 and PM5 registers to the output mode (data 1/O is possible in
the output mode).
At this time, the output data is high level, so the pin is in the Hi-Z state.

<6> Enable the operation of the serial array unit and set the mode to the simplified IIC mode.
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4.5 Settings of Port Related Register 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 - 19 to 4 - 21.

Caution If the output function of an alternate function is assigned to a pin that is also used as an output
pin, the output of the unused alternate function must be set to its initial state.

Table 4 - 19 Settings of Port Mode Register, and Output Latch When Using Alternate Function (1/3)

Alternate Function
Pin Name PIORxx POMxx PMCxx PMxx Pxx
Function Name 110

POO AN|17 Note 1 Input x X 1 1 X
TI0O0 Input X X 0 1 X
TxD1 Output x 0/1 0 0 1
(TRJOO) Output PIOR13, PIOR12 = 10B 0 0 0 0
PO1 ANI16 Note 1 Input X X 1 1 X
TOO00 Output X — 0 0 0
RxD1 Input X x 0 1 x
TRJIOO0 Input PIOR13, PIOR12 = 00B — 0 1 X
Output PIOR13, PIOR12 = 00B — 0 0 0
P10 TRDIOD1 Input X X — 1 X
Output X 0 — 0 0
P11 TRDIOC1 Input X X — 1 X
Output X 0 — 0 0
P12 TRDIOB1 Input X — — 1 X
Output X — — 0 0
P13 TRDIOA1 Input X X — 1 X
Output x 0 — 0 0
P14 TRDIODO Input X X — 1 X
Output X 0 — 0 0
P15 PCLBUZ1 Output x x — 0 0
TRDIOBO Input X X — 1 X
Output x 0 — 0 0
P16 TIO1 Input X — — 1 X
TOO01 Output x — — 0 0
INTP5 Input X — — 1 X
TRDIOCO Input X — — 1 x
Output X — — 0 0
(RxDO0) Input PIORO1 =1 — — 1 x

Remark 1. x: don't care

PIORxx: Peripheral I/O redirection register
POM xx: Port output mode register
PMCxx: Port mode control register
PMxx:  Port mode register
Pxx: Port output latch

Remark 2. The above table shows the relationship between the pins and the functions when a 32-pin product is used. In the other
products, alternate functions might be assigned to different pins, but even in this case, the PIORxx, POMxx, PMCxx,
PMxx, and Pxx settings remain the same.

Remark 3. Functions in parentheses in the above table can be assigned via settings in the peripheral 1/O redirection registers 0, 1
(PIORO, 1).

(The notes are described after the last table.)
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Table 4 - 20 Settings of Port Mode Register, and Output Latch When Using Alternate Function (2/3)

Alternate Function
Pin Name PIORxx POMxx PMCxx PMxx Pxx
Function Name lfe}
P17 TI02 Input X X — 1 x
TOO02 Output x 0 — 0 0
TRDIOAO Input X x — 1 X
Output X 0 — 0 0
TRDCLKO Input X X — 1 X
(TxDO) Output PIORO1 =1 o1 — 0 1
P20 ANIQ Note 2 Input x — — 1 x
AVREFP Input X — — 1 X
P21 ANI1 Note 2 Input x — — 1 %
AVREFM Input X — — 1 X
P22 AN]|2 Note 2 Input x _ _ 1 N
P23 ANI3 Note 2 Input x — —_ 1 x
P30 INTP3 Input X X — 1 x
SCK00 Input PIOR01=0 x — 1 x
Output PIOR01 =0 0/1 — 0 1
SCLOO Output PIOR0O1 =0 0/1 — 0 1
TRJOO Output PIOR13, PIOR12 = 00B 0 — 0 0
P31 TI03 Input X — — 1 X
TOO03 Output X — — 0 0
INTP4 Input X — — 1 X
(TRJIO0) Input PIOR13, PIOR12 = 01B — — 1 x
Output PIOR13, PIOR12 = 01B — — 0 0
P40 TOOLO 1/10 x — — x x
Remark 1. x: don't care

PIORxx: Peripheral I/O redirection register
POM xx: Port output mode register
PMCxx: Port mode control register
PMxx:  Port mode register
Pxx: Port output latch

Remark 2. The above table shows the relationship between the pins and the functions when a 32-pin product is used. In the other
products, alternate functions might be assigned to different pins, but even in this case, the PIORxx, POMxx, PMCxx,
PMxx, and Pxx settings remain the same.

Remark 3. Functions in parentheses in the above table can be assigned via settings in the peripheral 1/O redirection registers 0, 1
(PIORO, 1).

(The notes are described after the last table.)
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Table 4 - 21 Settings of Port Mode Register, and Output Latch When Using Alternate Function (3/3)

Alternate Function
Pin Name PIORxx POMxx PMCxx PMxx Pxx
Function Name lfe}
P50 INTP1 Input X — — 1 X
SI00 Input PIOR01 =0 X — 1 X
RxDO Input PIOR0O1 =0 X — 1 X
TOOLRXD Input x X — 1 x
SDA0O 110 PIOR01 =0 1 — 0 1
(TRJOO) Output PIOR13, PIOR12 = 01B 0 — 0 0
P51 INTP2 Input X — — 1 X
SO00 Output PIOR01 =0 0/1 — 0 1
TxDO Output PIOR0O1 =0 0/1 — 0 1
TOOLTxD Output x 0/1 — 0 1
P62 SSI100 Input x — — 1 x
P120 ANI19 Note 1 Input X — 1 1 X
P137 INTPO Input X — — — X
P147 ANI18 Note 1 Input x — 1 1 x
Remark 1. x: don't care

PIORxx: Peripheral I/O redirection register
POM xx: Port output mode register
PMCxx: Port mode control register
PMxx:  Port mode register
Pxx: Port output latch

Remark 2. The above table shows the relationship between the pins and the functions when a 32-pin product is used. In the other
products, alternate functions might be assigned to different pins, but even in this case, the PIORxx, POMxx, PMCxx,
PMxx, and Pxx settings remain the same.

Remark 3. Functions in parentheses in the above table can be assigned via settings in the peripheral 1/O redirection registers 0, 1
(PIORO, 1).

(The notes are described after the last table.)
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Note 1.

The functions of the ANI16/P01, ANI17/P00, ANI18/P147, and ANI19/P120 pins can be selected by using the port mode

control registers 0, 12, 14 (PMCO, PMC12, PMC14), analog input channel specification register (ADS), and port mode
registers 0, 12, 14 (PMO, PM12, PM14).

Table 4 - 22 Settings Function of ANI16/P01, ANI17/P00, ANI18/P147, and ANI19/P120 Pins

PMCO, PMC12, PMC14
Registers

PMO, PM12, PM14 Registers

ADS Register

ANI16/P01, ANI17/P0OO,
ANI18/P147, ANI19/P120 Pins

Digital /O selection

Input mode

Digital input

Output mode

Digital output

Analog I/O selection

Input mode

Selects ANI.

Analog input (to be converted)

Does not select ANI.

Analog input (not to be converted)

Output mode

Selects ANI.

Does not select ANI.

Setting prohibited

Note 2.

The functions of the P20/ANIO, P21/ANI1, P22/ANI2, P23/ANI3 pins can be selected by using the A/D port configuration

register (ADPC), analog input channel specification register (ADS), and port mode registers 2 (PM2).

Table 4 - 23 Setting Functions of P20/ANIO, P21/ANI1, P22/ANI2, and P23/ANI3 Pins

ADPC Register

PM2 Register

ADS Register

P20/ANIO, P21/ANI1, P22/ANI2, P23/ANI3 Pins

Digital I/0 selection

Input mode

— Digital input

Output mode

— Digital output

Analog I/O selection

Input mode

Selects ANI.

Analog input (to be converted)

Does not select ANI.

Analog input (not to be converted)

Output mode

Selects ANI.

Does not select ANI.

Setting prohibited
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4.6

4.6.1

Cautions When Using Port Function

Cautions on 1-Bit Manipulation Instruction for Port Register n (Pn)

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

<Example> When P10 is an output port, P11 to P17 are input ports (all pin statuses are high level), and the port
latch value of port 1 is O0H, if the output of output port P10 is changed from low level to high level via a
1-bit manipulation instruction, the output latch value of port 1 is FFH.

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the output
latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the uPD79F7027, pyPD79F7028.

<1> The Pn register is read in 8-bit units.

<2> The targeted one bit is manipulated.

<3> The Pn register is written in 8-bit units.
In step <1>, the output latch value (0) of P10, which is an output port, is read, while the pin statuses of
P11 to P17, which are input ports, are read. If the pin statuses of P11 to P17 are high level at this time,

the read value is FEH.

The value is changed to FFH by the manipulation in <2>.
FFH is written to the output latch by the manipulation in <3>.

Figure 4 - 32 Bit Manipulation Instruction (P10)

P10 @

Low-level output

O

Pin status: High-level

P11 to P17

Port 1 output latch

[ofofofofofojofo]

1-bit manipulation
instruction (setl P1.0)
is executed for P10 bit.

S

P11 to P17

P10 @

High-level output

O -

Pin status: High-level

Port 1 output latch

B EESENENEN ENEY

1-bit manipulation instruction for P10 bit

<1> Port register 1 (P1) is read in 8-bit units.

¢ In the case of P10, an output port, the value of the port output latch (0) is read.
¢ In the case of P11 to P17, input ports, the pin status (1) is read.

<2> Set the P10 bit to 1.

<3> Write the results of <2> to the output latch of port register 1 (P1) in 8-bit units.
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CHAPTER 5 CLOCK GENERATOR

The presence or absence of connecting resonator pin for main system clock and external clock input pin for main
system clock, depends on the product.

30, 32-pin products
X1, X2 pins \/
EXCLK pin S

51 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

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

<2> High-speed on-chip oscillator (High-speed OCO)
The frequency at which to oscillate can be selected from among fHoco = 48, 24, 16, 12, 8, 4, or 1
MHz (TYP.) by using the option byte (000C2H). When 48 MHz is selected as fHoco, fiH is set to 24
MHz. When 24 MHz or less is selected as fHOco, fiH is not divided and set to the same frequency as
fHoco. After a reset release, the CPU always starts operating with this high-speed on-chip oscillator
clock Note, Oscillation can be stopped by executing the STOP instruction or setting of the HIOSTOP
bit (bit 0 of the CSC register).

An external main system clock (fex = 1 to 20 MHz) can also be supplied from the EXCLK/X2/P122 pin. An
external main system clock input can be disabled by executing the STOP instruction or setting of the MSTOP bit.
As the main system clock, a high-speed system clock (X1 clock or external main system clock) or high-speed on-
chip oscillator clock can be selected by setting of the MCMO bit (bit 4 of the system clock control register (CKC)).

Note When selecting 48 MHz, the selected clock (fHoco) is supplied to timer RD.
However, 24 MHz of two frequency division of fHoco is supplied to the other functions (including the
CPU). When supplying 48 MHz to timer RD, set fcLk to fiH.
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(2) Low-speed on-chip oscillator (Low-speed OCO)
This circuit oscillates a clock of fiL = 15 kHz (TYP.).
The low-speed on-chip oscillator clock cannot be used as the CPU clock.
Only the following peripheral hardware runs on the low-speed on-chip oscillator clock.

» Watchdog timer
* 12-bit interval timer
e Timer RJ

This clock operates when bit 4 (WDTON) of the option byte (000COH), bit 4 (WUTMMCKO) of the operation
speed mode control register (OSMC), or both are set to 1.

However, when WDTON = 1, WUTMMCKO = 0, and bit 0 (WDSTBYON) of the option byte (000COH) is 0,
oscillation of the low-speed on-chip oscillator stops if the HALT or STOP instruction is executed.

Remark fx: X1 clock oscillation frequency
fHoco: High-speed on-chip oscillator clock frequency (48 MHz max.)
fiH: High-speed on-chip oscillator clock frequency (24 MHz max.) Note
fEx: External main system clock frequency
fiL: Low-speed on-chip oscillator frequency
Note fiH is controlled by hardware to be set to two frequency division of fHoco when fHoco is set to 48

MHz, and the same clock frequency as fHoco when fHocoO is set to 24 MHz or less. When supplying
48 MHz to timer RD, set fcLK to fiH.
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5.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 5 - 1 Configuration of Clock Generator

Iltem Configuration

Control registers Clock operation mode control register (CMC)

System clock control register (CKC)

Clock operation status control register (CSC)

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

Peripheral enable registers 0, 1 (PERO, PER1)

Operation speed mode control register (OSMC)

High-speed on-chip oscillator frequency select register (HOCODIV)
High-speed on-chip oscillator trimming register (HIOTRM)

Oscillators X1 oscillator
High-speed on-chip oscillator clock
Low-speed on-chip oscillator clock
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Figure 5 - 1 Block Diagram of Clock Generator
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Remark

Note

fx: X1 clock oscillation frequency

fHoco:  High-speed on-chip oscillator clock frequency (48 MHz max.)

fiH: High-speed on-chip oscillator clock frequency (24 MHz max.) Note
fEX: External main system clock frequency

fmx: High-speed system clock frequency

fmaIN:  Main system clock frequency

fcLk: CPU/peripheral hardware clock frequency

fiL: Low-speed on-chip oscillator clock frequency

fiH is controlled by hardware to be set to two frequency division of fHoco when fHoco is set to 48
MHz, and the same clock frequency as fHoco when fHoco is set to 24 MHz or less. When supplying
48 MHz to timer RD, set fcLk to fiH.

5.3 Registers Controlling Clock Generator

The following registers are used to control the clock generator.

« Clock operation mode control register (CMC)

« System clock control register (CKC)

« Clock operation status control register (CSC)

« Oscillation stabilization time counter status register (OSTC)

« Oscillation stabilization time select register (OSTS)

« Peripheral enable registers 0, 1 (PERO, PER1)

« Operation speed mode control register (OSMC)

« High-speed on-chip oscillator frequency select register (HOCODIV)
 High-speed on-chip oscillator trimming register (HIOTRM)

(1) Clock operation mode control register (CMC)
This register is used to set the operation mode of the X1/P121, X2/EXCLK/P122, and to select a gain of the

oscillator.

The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release. This

register can be read by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0OH.
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Address: FFFAOH

Symbol 7

Figure 5 - 2 Format of Clock operation mode control register (CMC)

After reset: 00H R/W
6 5 4 3 1 0
CMC EXCLK OSCSEL 0 0 0 0 AMPH

High-speed system clock ) )
EXCLK OSCSEL . ; X1/P121 pin X2/EXCLK/P122 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 mode Input port External clock input
AMPH Control of X1 clock oscillation frequency
0 1 MHz < fx < 10 MHz
1 10 MHz < fx < 20 MHz
Caution 1. The CMC register can be written only once after reset release, by an 8-bit memory manipulation
instruction. When the CMC register is used at the default value (00H), be sure to set 00H to this
register after reset release in order to prevent malfunctioning during a program loop.
Caution 2. After reset release, set the CMC register before X1 oscillation is started as set by the clock operation
status control register (CSC).
Caution 3. Be sure to set the AMPH bit to 1 if the X1 clock oscillation frequency exceeds 10 MHz.
Caution 4. Specify the settings for the AMPH, AMPHS1, and AMPHSO bits while fiH is selected as fcLk after a
reset ends (before fcLk is switched to fmx).
Caution 5. Although the maximum system clock frequency is 24 MHz, the maximum frequency of the X1
oscillator is 20 MHz.
Remark  fx: X1 clock frequency
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(2) System clock control register (CKC)
This register is used to select a CPU/peripheral hardware clock and a main system clock.
The CKC register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to OOH.

Figure 5 - 3 Format of System clock control register (CKC)

Address: FFFA4H After reset: 0OH R/WNote 1
Symbol 7 6 <5> <4> 3 2 1 0
CKC 0 0 MCS | MCMONote2 | 0 | 0 | 0 0
MCS Status of Main system clock (fMAIN)
0 High-speed on-chip oscillator clock (fiH)
1 High-speed system clock (fmx)
MCMQNote 2 Main system clock (fwAiN) operation control
0 Selects the high-speed on-chip oscillator clock (fiH) as the main system clock (fmain)
1 Selects the high-speed system clock (fmx) as the main system clock (fvAiN)
Note 1. Bit 5 is read-only.
Note 2. Changing the value of the MCMO bit is prohibited while the CSS bit is set to 1.
Remark fHoco: High-speed on-chip oscillator clock frequency (48 MHz max.)
fiH: High-speed on-chip oscillator clock frequency (24 MHz max.) Note
fmx: High-speed system clock frequency
fMAIN: Main system clock frequency
Note fiH is controlled by hardware to be set to two frequency division of fHoco when fHoco is set to 48 MHz, and
the same clock frequency as fHoco when fHoco is set to 24 MHz or less. When supplying 48 MHz to timer
RD, set fciLk to fiH.
(Cautions are listed on the next page.)
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Caution 1. Be sure to set bits 0to 3, 6, and 7 of the CKC register to 0.

Caution 2. If the CPU clock is changed, therefore, the clock supplied to peripheral hardware (except the 12-bit
interval timer, clock output/buzzer output, and watchdog timer) is also changed at the same time.
Consequently, stop each peripheral function when changing the CPU/peripheral hardware clock.

Caution 3. When selecting fHoco as the count source for timer RD, set fcLk to fiH before setting bit 4 (TRDOEN) in
peripheral enable register 1 (PER1). When changing fcLk to a clock other than fiH, clear bit 4
(TRDOEN) in peripheral enable register 1 (PER1) before changing.
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(3) Clock operation status control register (CSC)

This register is used to control the operations of the high-speed system clock, and high-speed on-chip oscillator

clock (except the low-speed on-chip oscillator clock).

The CSC register can be set by a 1-bit or 8-bit

memory manipulation instruction.

Reset signal generation sets this register to COH.

Figure 5 - 4 Format of Clock operation status control register (CSC)

Address: FFFA1H After reset: COH R/W
Symbol <7> 6 5 4 3 2 1 <0>
CSC MSTOP 1 0 0 0 0 0 HIOSTOP
High-speed system clock operation control
MSTOP — -
X1 oscillation mode External clock input mode Input port mode
0 X1 oscillator operating External clock from EXCLK pinis | Input port
valid
1 X1 oscillator stopped External clock from EXCLK pin is
invalid
HIOSTOP High-speed on-chip oscillator clock operation control
0 High-speed on-chip oscillator operating
1 High-speed on-chip oscillator stopped

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

register.

Caution 2. Set the oscillation stabilization time select register (OSTS) before setting the MSTOP bit to 0 after
releasing reset. Note that if the OSTS register is being used with its default settings, the OSTS
register is not required to be set here.

Caution 3. To start X1 oscillation as set by the MSTOP bit, check the oscillation stabilization time of the X1 clock
by using the oscillation stabilization time counter status register (OSTC).

Caution 4. Do not stop the clock selected for the CPU peripheral hardware clock (fcLk) with the OSC register.

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

Condition Before Stopping Clock ) .
Clock L Setting of CSC Register Flags
(Invalidating External Clock Input)
X1 clock CPU and peripheral hardware clocks operate with a clock MSTOP =1
External main system clock other than the high-speed system clock.
(MCS =0)
High-speed on-chip oscillator CPU and peripheral hardware clocks operate with a clock HIOSTOP =1
clock other than the high-speed on-chip oscillator clock.
(MCS=1)

(4) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.
The X1 clock oscillation stabilization time can be checked in the following case,

« If the X1 clock starts oscillation while the high-speed on-chip oscillator clock is being used as the CPU clock.
« If the STOP mode is entered and then released while the high-speed on-chip oscillator clock is being used as
the CPU clock with the X1 clock oscillating.

The OSTC register can be read by a 1-bit or 8-bit memory manipulation instruction.
The generation of reset signal, the STOP instruction and MSTOP (bit 7 of clock operation status control register
(CSCQ)) =1 clear the OSTC register to 00H.

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

Symbol

OSTC

Figure 5 - 5 Format of Oscillation stabilization time counter status register (OSTC)

After reset: O0H R

7 6 5 4 3 2 1 0

MosTsIMosTe MOST | MOST | MOST | MOST | MOST | MOST

10 11 13 15 17 18

MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST Oscillation stabilization time status
8 9 10 1 13 15 17 18 fx = 10 MHz fx = 20 MHz
0 0 0 0 0 0 0 0 28/fx max. 25.6 us max. 12.8 us max.
1 0 0 0 0 0 0 0 28/fx min. 25.6 us min. 12.8 ps min.
1 1 0 0 0 0 0 0 29/fx min. 51.2 ps min. 25.6 ps min.
1 1 1 0 0 0 0 0 210/fx min. 102.4 us min. 51.2 us min.
1 1 1 1 0 0 0 0 211/fx min. 204.8 ps min. 102.4 ps min.
1 1 1 1 1 0 0 0 213/fx min. 819.2 ps min. 409.6 ps min.
1 1 1 1 1 1 0 0 215/fx min. 3.27 ms min. 1.64 ms min.
1 1 1 1 1 1 1 0 217/fx min. 13.11 ms min. 6.55 ms min.
1 1 1 1 1 1 1 1 218/fx min. 26.21 ms min. 13.11 ms min.

Caution 1. After the above time has elapsed, the bits are set to 1 in order from the MOST8 bit and remain 1.
Caution 2. The oscillation stabilization time counter counts up to the oscillation stabilization time set by the

oscillation stabilization time select register (OSTS).

In the following cases, set the oscillation stabilization time of the OSTS register to the value greater

than the count value which is to be checked by the OSTC register.

« If the X1 clock starts oscillation while the high-speed on-chip oscillator clock is being used as the

CPU clock.

e If the STOP mode is entered and then released while the high-speed on-chip oscillator clock is
being used as the CPU clock with the X1 clock oscillating.
(Note, therefore, that only the status up to the oscillation stabilization time set by the OSTS register
is set to the OSTC register after the STOP mode is released.)

Caution 3. The X1 clock oscillation stabilization wait time does not include the time until clock oscillation starts

Remark

(“a” below).

X1 pin voltage l

STOP mode release

waveform

fx: X1 clock oscillation frequency
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(5) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation automatically waits for the time set using the
OSTS register after the STOP mode is released.
When the high-speed on-chip oscillator clock is selected as the CPU clock, confirm with the oscillation
stabilization time counter status register (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 the OSTC
register.
The OSTS register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets the OSTS register to 07H.
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Figure 5 - 6 Format of Oscillation stabilization time select register (OSTS)

Address: FFFA3H

Symbol

OSTS

After reset: 07H R/W
7 6 5 3 2 1 0
0 0 0 0 OSTS2 OSTS1 OSTSO
Oscillation stabilization time selection
OSTS2 OSTS1 OSTSO0
fx =10 MHz fx =20 MHz
0 0 0 28/fx 25.6 us 12.8 ps
0 0 1 29/fx 51.2 ps 25.6 us
0 1 0 210/fx 102.4 us 51.2 s
0 1 1 211/fx 204.8 us 102.4 ps
1 0 0 213/fx 819.2 pus 409.6 us
1 0 1 215/fx 3.27 ms 1.64 ms
1 1 0 217/fx 13.11 ms 6.55 ms
1 1 1 218/fx 26.21 ms 13.11 ms

Caution 1. To set the STOP mode when the X1 clock is used as the CPU clock, set the OSTS register before
executing the STOP instruction.
Caution 2. Change the setting of the OSTS register before setting the MSTOP bit of the clock operation status
control register (CSC) to 0.
Caution 3. Do not change the value of the OSTS register during the X1 clock oscillation stabilization time.

Caution 4. The oscillation stabilization time counter counts up to the oscillation stabilization time set by the

OSTS register.

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

 If the X1 clock starts oscillation while the high-speed on-chip oscillator clock is being used as the

CPU clock.

» If the STOP mode is entered and then released while the high-speed on-chip oscillator clock is
being used as the CPU clock with the X1 clock oscillating. (Note, therefore, that only the status up
to the oscillation stabilization time set by the OSTS register is set to the OSTC register after the
STOP mode is released.)

Caution 5. The X1 clock oscillation stabilization wait time does not include the time until clock oscillation starts

Remark

(“a” below).

STOP mode release

X1 pin voltage l

waveform

fx: X1 clock oscillation frequency
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(6) Peripheral enable registers 0, 1 (PERO, PER1)
These registers are used to enable or disable supplying the clock to the peripheral hardware. Clock supply to the
hardware that is not used is also stopped so as to decrease the power consumption and noise.
To use the peripheral functions below, which are controlled by these registers, set (1) the bit corresponding to
each function before specifying the initial settings of the peripheral functions.
* 12-bit interval timer
« A/D converter
« Serial array unit 0
« Timer array unit O
e Timer RD
e Timer RJ

The PERO and PERL1 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0H.
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Figure 5 - 7 Format of Peripheral enable register 0 (PERO)

Address: FOOFOH After reset: O0H R/IW
Symbol <7> 6 <5> 4 3 <2> 1 <0>
PERO ITEN 0 ADCEN 0 0 SAUOEN 0 TAUOEN
ITEN Control of supplying input clock for 12-bit interval timer

Stops input clock supply.
0 * SFR used by the 12-bit interval timer cannot be written.
» The 12-bit interval timer is in the reset status.

Enables input clock supply.
* SFR used by the 12-bit interval timer can be read and written.

ADCEN Control of A/D converter input clock supply

Stops input clock supply.
0 * SFR used by the A/D converter cannot be written.
» The A/D converter is in the reset status.

Enables input clock supply.
* SFR used by the A/D converter can be read and written.

SAUOEN Control of serial array unit 0 input clock supply

Stops input clock supply.
0 * SFR used by the serial array unit O cannot be written.
» The serial array unit O is in the reset status.

Enables input clock supply.
* SFR used by the serial array unit 0 can be read and written.

TAUOEN Control of timer array unit O input clock supply

Stops input clock supply.
0 » SFR used by timer array unit 0 cannot be written.
 Timer array unit O is in the reset status.

Enables input clock supply.
* SFR used by timer array unit 0 can be read and written.

Caution  Be sure to clear the following bits to 0.
Be sure to set bits 1, 3, 4, 6 of the PERO register to 0.
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Figure 5 - 8 Format of Peripheral enable register 1 (PER1)

Address: FOO7AH After reset: 0OH R/W
Symbol 7 6 5 <4> 3 2 1 <0>
PER1 0 0 0 TRDOENNote 1 0 0 0 TRJOEN
TRDOENNote 1 Control of timer RD input clock supply

Stops input clock supply.
0 * SFR used by timer RD cannot be written.
» Timer RD is in the reset status.

Enables input clock supply.
* SFR used by timer RD can be read and written.

TRJOEN Control of timer RJO input clock supply

Stops input clock supply.
0 » SFR used by timer RJO cannot be written.
* Timer RJO is in the reset status.

Enables input clock supply.
* SFR used by timer RJO can be read and written.

Note 1. When FRQSEL4 = 1 in the user option byte (O00C2H), set fcik to fiH before setting bit 4 (TRDOEN) in
peripheral enable register 1 (PER1). When changing fcLk to a clock other than fiH, clear bit 4 (TRDOEN) in
peripheral enable register 1 (PER1) before changing.

Caution  Be sure to clear the following bits to 0.
Be sure to set bits 1to 3, 5to 7 of the PER1 register to 0.
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(7) Operation speed mode control register (OSMC)
This register is used to reduce power consumption by stopping unnecessary clock functions.
The OSMC register can be used to select the operation clock of the 12-bit interval timer.
The OSMC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 5 - 9 Format of Operation speed mode control register (OSMC)

Address: FOOF3H After reset: O0H R/IW
Symbol 7 6 5 4 3 2 1 0
OosMC 0 0 0 WUTMMCKO 0 0 0 0
WUTMMCKO Selection of operation clock for 12-bit interval timer and timer RJ
0 Setting prohibited
1 Low-speed on-chip oscillator clock (fiL)
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(8) High-speed on-chip oscillator frequency select register (HOCODIV)
The frequency of the high-speed on-chip oscillator which is set by an option byte (000C2H) can be changed by
using high-speed on-chip oscillator frequency select register (HOCODIV). However, the selectable frequency
depends on the FRQSEL4 and FRQSELS bits of the option byte (000C2H).
The HOCODIV register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to default value (undefined).

Figure 5 - 10 Format of High-speed on-chip oscillator frequency select register (HOCODIV)

Address: FOOA8H After reset: Undefined R/W
Symbol 7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
Selection of high-speed on-chip oscillator clock frequency
HOCODIV2 HOCODIV1 HOCODIVO FRQSEL4 =0 FRQSEL4 =1
FRQSEL3 =0 FRQSEL3 =1 FRQSEL3 =0
fiH = 24 MHz . . fiH = 24 MHz
0 0 0 Setting prohibited
fHoco = 48 MHz
0 0 1 fin =12 MHz fin =16 MHz fin =12 MHz
froco = 24 MHz
o 1 o fiH =6 MHz fin =8 MHz fiH =6 MHz
froco = 12 MHz
o 1 1 fin =3 MHz fin =4 MHz fin =3 MHz
fHoco = 6 MHz
1 0 0 Setting prohibited | fiH =2 MHz Setting prohibited
1 0 1 Setting prohibited | fih =1 MHz Setting prohibited
Other than above Setting prohibited

Caution 1. Set the HOCODIV register within the operable voltage range both before and after changing the
frequency.

Caution 2. Use the device within the voltage of the flash operation mode set by the option byte (000C2H) even
after the frequency has been changed by using the HOCODIV register.

Option Byte (000C2H) Value ) Operating Frequency | Operating Voltage
Flash Operation Mode
CMODE1 CMODE2 Range Range
1 0 LS (low-speed main) mode 1to 8 MHz 27t055V
1 1 HS (high-speed main) mode 1to 24 MHz 27t055V

Setting prohibited

Other than above

Caution 3. The device operates at the old frequency for the duration of 3 clocks after the frequency value has
been changed by using the HOCODIV register. When setting of high-speed on-chip oscillator clock as
system clock, and the clock oscillation stabilization wait three minutes further.

Caution 4. To change the frequency of the high-speed on-chip oscillator when X1 oscillation, external oscillation
input, stop the high-speed on-chip oscillator by setting bit 0 (HIOSTOP) of the CSC register to 1 and
then change the frequency.
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(9) High-speed on-chip oscillator trimming register (HIOTRM)

This register is used to adjust the accuracy of the high-speed on-chip oscillator.

With self-measurement of the high-speed on-chip oscillator frequency via a timer using high-accuracy external

clock input, and so on, the accuracy can be adjusted.

The HIOTRM register can be set by an 8-bit memory manipulation instruction.

Caution The frequency will vary if the temperature and VDD pin voltage change after accuracy
adjustment. When the temperature and VbbD voltage change, accuracy adjustment must be
executed regularly or before the frequency accuracy is required.

Figure 5 - 11 Format of High-speed on-chip oscillator trimming register (HIOTRM)

Address: FOOAOH After reset: Note R/W

Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 0 HIOTRM5 HIOTRM4 HIOTRM3 HIOTRM2 HIOTRM1 HIOTRMO
High-speed on-chip
HIOTRM5 HIOTRM4 HIOTRM3 HIOTRM2 HIOTRM1 HIOTRMO )
oscillator
0 0 0 0 0 0 Minimum speed
0 0 0 0 0 1 A
0 0 0 0 1 0
0 0 0 0 1 1
0 0 0 1 0 0
1 1 1 1 1 0 v
1 1 1 1 1 1 Maximum speed
Note The reset value differs for each chip.
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54 System Clock Oscillator

54.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 20 MHz) connected to the X1 and
X2 pins.

An external clock can also be input. In this case, input the clock signal to the EXCLK pin.

To use the X1 oscillator, set bits 7 and 6 (EXCLK, OSCSEL) of the clock operation mode control register (CMC)
as follows.

« Crystal or ceramic oscillation: EXCLK, OSCSEL =0, 1

« External clock input: EXCLK, OSCSEL =1,1

When the X1 oscillator is not used, set the input port mode (EXCLK, OSCSEL =0, 0).

When the pins are not used as input port pins, either, see Tables 2 - 3to 2 - 5 Connection of Unused Pins.
Figure 5 - 12 shows an example of the external circuit of the X1 oscillator.

Figure 5 - 12 Example of External Circuit of X1 Oscillator

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

Vss

]
]
H i—| }T X1
]
]
:
i__| | X2 External clock —— = EXCLK

Crystal resonator
or
ceramic resonator

Cautions are listed on the next page.
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Figure 5 - 13 shows examples of incorrect resonator connection.

Figure 5 - 13 Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring

Vss X1 X2

(c) The X1 and X2 signal line wires cross.

(b) Crossed signal line

PORT
Vss X1 X2
NG
—[F—
NG
NG

(d) A power supply/GND pattern exists under the X1 and X2 wires.

W

Vss X1 X2
Vss X1 X2 0 ;
4 !
i i
] ]
] ]
] ]
] ]
] ]
] ]
I v |9 i
Note
—— Power supply/GND pattern
777
Note Do not place a power supply/GND pattern under the wiring section (section indicated by a broken line in the figure) of the

X1 and X2 pins and the resonators in a multi-layer board or double-sided board.
Do not configure a layout that will cause capacitance elements and affect the oscillation characteristics.
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Figure 5 - 14 Examples of Incorrect Resonator Connection (2/2)

(e) Wiring near high alternating current (f) Current flowing through ground line of oscillator
(potential at points A, B, and C fluctuates)

VDD
Pmn
Vss X1 X2
Vss X1 X2
I 1ls
[
Tls
TI P ER
777 777\ High current
(g) Signals are fetched
Vss X1 X2
777
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5.4.2 High-speed on-chip oscillator

The high-speed on-chip oscillator is incorporated in the uPD79F7027, uPD79F7028. The frequency can be
selected from among 48, 24, 16, 12, 8, 4, or 1 MHz by using the option byte (000C2H). When 48 MHz is
selected, the two frequency division of the selected clock is supplied to CPU clock. Oscillation can be controlled
by bit 0 (HIOSTOP) of the clock operation status control register (CSC).

The high-speed on-chip oscillator automatically starts oscillating after reset release.

543 Low-speed on-chip oscillator

The low-speed on-chip oscillator is incorporated in the uPD79F7027, uPD79F7028.

The low-speed on-chip oscillator clock is used only as the watchdog timer, 12-bit interval timer, and timer RJ
clock. The low-speed on-chip oscillator clock cannot be used as the CPU clock.

This clock operates when bit 4 (WDTON) of the option byte (000COH), bit 4 (WUTMMCKO) of the operation
speed mode control register (OSMC), or both are set to 1.

Unless the watchdog timer is stopped and WUTMMCKO is a value other than zero, oscillation of the low-speed
on-chip oscillator continues. While the watchdog timer operates, the low-speed on-chip oscillator clock does not
stop even if the program freezes.
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5.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
mode (see Figure 5 - 1).

« Main system clock  fmaIN
» High-speed system clock  fmx
X1 clock fx
External main system clock fex
 High-speed on-chip oscillator clock fiH
» Low-speed on-chip oscillator clock fi
« CPU/peripheral hardware clock fcLk

The CPU starts operation when the high-speed on-chip oscillator starts outputting after a reset release in the
UPD79F7027, uPD79F7028.
When the power supply voltage is turned on, the clock generator operation is shown in Figure 5 - 15.
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Figure 5 - 15 Clock Generator Operation When Power Supply Voltage Is Turned On

Power supply
voltage (VDD)

151V (TYP.)
i
ov !
:
RESET pin :
1<1> H
—_— T
Internal reset signal ‘
1 ]
]
i i Reset | Switched by software
! : Z processing "°*} <35, @;
CPU clock : v/ High-speed on-chip X High-speed >
h\ oscillator clock t system clock
) ) i<2> i
High-speed on-chip .
oscillator clock (fiH) | !
—‘—-l )
High-speed Note 1 !

]
1
system clock (fmx) <4>
(when X1 oscillation
selected) } .

! X1 clock oscillation

stabilization time N2

<1> After the power is turned on, an internal reset signal is generated by the power-on-reset (POR) circuit. However, keep the reset
status using the voltage detection function or reset pin until the voltage reaches the minimum operation-guaranteed voltage
(the above figure shows an example when the reset pin is used).

<2> When the reset is released, the high-speed on-chip oscillator automatically starts oscillation.

<3> The CPU starts operation on the high-speed on-chip oscillator clock after a reset processing such as waiting for the voltage of
the power supply or regulator to stabilize has been performed after reset release.

<4> Set the start of oscillation of the X1 via software (see 5.6.2 Example of setting X1 oscillation clock).

<5> When switching the CPU clock to the X1, wait for the clock oscillation to stabilize, and then set switching via software (see
5.6.2 Example of setting X1 oscillation clock).

Note 1. The internal reset processing time includes the oscillation accuracy stabilization time of the high-speed on chip oscillator
clock.
Note 2. When releasing a reset, confirm the oscillation stabilization time for the X1 clock using the oscillation stabilization time

counter status register (OSTC).

Caution Itis not necessary to wait for the oscillation stabilization time when an external clock input from the EXCLK pin
is used.
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5.6 Controlling Clock

5.6.1

After a reset release, the CPU/peripheral hardware clock (fcLk) always starts operating with the high-speed on-
chip oscillator clock. The frequency of the high-speed on-chip oscillator can be selected from 48, 24, 16, 12, 8, 4,
and 1 MHz by using FRQSELO to FRQSEL4 of the option byte (000C2H). In addition, Oscillation can be changed

Example of setting high-speed on-chip oscillator

by the high-speed on-chip oscillator frequency select register (HOCODIV).

[Option byte setting]

Address: 000C2H

Option 7 6 5 4 3 2 1 0
byte " CMODEL | CMODEO FRQSEL4 | FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO
(000C2H) | og 01 1 01 o1 o1 o1 o1
CMODE1 CMODEO Setting of flash operation mode
1 0 LS (low speed main) mode Vbb=2.7V1t055V @ 1 MHz to 8 MHz
1 1 HS (high speed main) mode Vob=2.7Vto55V @ 1 MHz to 24 MHz
Frequency of the high-speed on-chip
FRQSEL4 | FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO oscillator
fHoco fiH
1 0 0 0 0 48 MHz 24 MHz
0 0 0 0 0 24 MHz 24 MHz
0 1 0 0 1 16 MHz 16 MHz
0 0 0 0 1 12 MHz 12 MHz
0 1 0 1 0 8 MHz 8 MHz
0 1 0 1 1 4 MHz 4 MHz
0 1 1 0 1 1 MHz 1 MHz
Other than above Setting prohibited
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[High-speed on-chip oscillator frequency select register (HOCODIV) setting]

Address: FOOA8H

Symbol 7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
Selection of high-speed on-chip oscillator clock frequency
HOCODIV2 HOCODIV1 HOCODIVO FRQSEL4 =0 FRQSEL4 =1
FRQSEL3=0 FRQSEL3 =1 FRQSEL3=0
fin = 24 MHz . - fin = 24 MHz
0 0 0 Setting prohibited f1oCo = 48 MHz
0 0 1 fin =12 MHz fin =16 MHz fin = 12 MHz
fHoco = 24 MHz
0 1 0 fin =6 MHz fih =8 MHz fin = 6 MHz
fHoco = 12 MHz
0 1 1 fin =3 MHz fin =4 MHz fin = 3 MHz
fHoco = 6 MHz
1 0 0 Setting prohibited | fiH =2 MHz Setting prohibited
1 0 1 Setting prohibited | fin =1 MHz Setting prohibited
Other than above Setting prohibited
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5.6.2

After a reset release, the CPU/peripheral hardware clock (fcLk) always starts operating with the high-speed on-
chip oscillator clock. To subsequently change the clock to the X1 oscillation clock, set the oscillator and start
oscillation by using the oscillation stabilization time select register (OSTS), clock operation mode control register
(CMC), and clock operation status control register (CSC) and wait for oscillation to stabilize by using the
oscillation stabilization time counter status register (OSTC). After the oscillation stabilizes, set the X1 oscillation
clock to fcLk by using the system clock control register (CKC).

Example of setting X1 oscillation clock

[Register settings] Set the register in the order of <1> to <5> below.
<1> Set (1) the OSCSEL bit of the CMC register, except for the cases where the fx is equal to or more than 10 MHz, in
such cases set (1) the AMPH bit, to operate the X1 oscillator.

7 6 5 4 3 2 1 0
cMe EXCLK OSCSEL EXCLKS OSCSELS AMPHS1 AMPHSO AMPH
0 1 0 0 0 0 0 1

AMPH bit: Set this bit to 0 if the X1 oscillation clock is 10 MHz or less.

<2> Using the OSTS register, select the oscillation stabilization time of the X1 oscillator at releasing of the STOP
mode.

Example: Setting values when a wait of at least 102.4 us is set based on a 10 MHz resonator.

7 6 5 4 3 2 1 0
OSTS2 OSTS1 OSTSO

OSTS

0 0 0 0 0 0 1 0

<3> Clear (0) the MSTOP bit of the CSC register to start oscillating the X1 oscillator.
7 6 5 4 3 2 1 0
MSTOP XTSTOP HIOSTOP

CsC

0 1 0 0 0 0 0 0

<4> Use the OSTC register to wait for oscillation of the X1 oscillator to stabilize.
Example: Wait until the bits reach the following values when a wait of at least 102.4 ps is set based on a 10 MHz
resonator.
7 6 5 4 3 2 1 0
osTC MOST8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18
1 1 1 0 0 0 0 0

<5> Use the MCMO bit of the CKC register to specify the X1 oscillation clock as the CPU/peripheral hardware clock.

7 6 5 4 3 2 1 0
CLS css MCS MCMO
CKC
0 0 0 1 0 0 0 0
RO1UH0326EJ0100 Rev. 1.00 RENESAS Page 156 of 849

Jun 20, 2012




HPD79F7027, pPD79F7028

5.6.3

CHAPTER 5 CLOCK GENERATOR

CPU clock status transition diagram

Figure 5 - 16 shows the CPU clock status transition diagram of this product.

Figure 5 - 16 CPU Clock Status Transition Diagram

oo

Vop <1.51V +0.03
High-speed on-chip oscillator: Operating

A
) Reset release
X1 oscillation/EXCLK input: Stops (input port mode)

High-speed on-chip oscillator: Woken up
X1 oscillation/EXCLK input: Stops (input port mode)

Vop > 151V £0.03

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Selectable by CPU

CPU: Operating
with high-speed
on-chip oscillator

()

CPU: High-speed

on-chip oscillator
— STOP

High-speed on-chip oscillator: Stops
X1 oscillation/EXCLK input: Stops

High-speed on-chip oscillator: Selectable by CPU (C) /
X1 oscillation/EXCLK input: Operating

CPU: Operating

with X1 oscillation or

CPU: High-speed

on-chip oscillator
— SNOOZE

EXCLK input

(D)

CPU: High-speed
on-chip oscillator

High-speed on-chip oscillator:
Operating

X1 oscillation/EXCLK input: Stops

(E)

CPU: X1

— HALT
oscillation/EXCLK

CPU: X1
oscillation/EXCLK
input — STOP

input - HALT

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Oscillatable

High-speed on-chip oscillator: Oscillatable

High-speed on-chip oscillator: Stops
X1 oscillation/EXCLK input: Operating

X1 oscillation/EXCLK input: Stops
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Tables 5 - 3to 5 - 5 show transition of the CPU clock and examples of setting the SFR registers.

Table 5 - 3 CPU Clock Transition and SFR Register Setting Examples (1/3)

(1) CPU operating with high-speed on-chip oscillator 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 high-speed on-chip oscillator clock immediately after a reset release (B).)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register CMC Redister Note 1 0STS CsC CKC
egister Register OS_TC Register
N Register Register

Status Transition EXCLK OSCSEL AMPH MSTOP MCMO
(A) > (B)—(C) Must be

0 1 0 Note 2 0 1
(X1 clock: 1 MHz < fx < 10 MHz) checked
(A) > (B) > (C) Must be

0 1 1 Note 2 0 1
(X1 clock: 10 MHz < fx < 20 MHz) checked
A B C Need not
()H()_{() 1 1 x Note 2 0 1
(external main clock) be checked

Note 1. The clock operation mode control register (CMC) can be written only once by an 8-bit memory manipulation instruction
after reset release.
Note 2. Set the oscillation stabilization time as follows.
« Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time < Oscillation
stabilization time set by the oscillation stabilization time select register (OSTS)

Caution  Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see CHAPTER 27
ELECTRICAL SPECIFICATIONS).

Remark 1. x: don’t care
Remark 2. (A)to (H) in Tables 5 - 3t0 5 - 5 correspond to (A) to (H) in Figure 5 - 16.
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Table 5 - 4 CPU Clock Transition and SFR Register Setting Examples (2/3)

(3) CPU clock changing from high-speed on-chip oscillator clock (B) to high-speed system clock (C)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register CMC Register Note 1 OSTS Csc OSTC CKC
Register | Register Register Register

Status Transition EXCLK | OSCSEL AMPH MSTOP MCMO
(B) > (C) Must be

0 1 0 Note 2 0 1
(X1 clock: 1 MHz < fx <10 MHz) checked
(B) —» (C) Must be

0 1 1 Note 2 0 1
(X1 clock: 10 MHz < fx < 20 MHz) checked
(B8)—~>(©) Must not be

) 1 1 X Note 2 0 1

(external main clock) checked

Unnecessary if the CPU is

Unnecessary if these registers are ] ) ]
operating with the high-speed

already set
system clock
Note 1. The clock operation mode control register (CMC) can be changed only once after reset release. This setting is not
necessary if it has already been set.
Note 2. Set the oscillation stabilization time as follows.

« Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time < Oscillation
stabilization time set by the oscillation stabilization time select register (OSTS)

Caution  Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see CHAPTER 27
ELECTRICAL SPECIFICATIONS).

Remark 1. x: don't care
Remark 2. (A)to (H) in Tables 5 - 3to 5 - 5 correspond to (A) to (H) in Figure 5 - 16.

(4) CPU clock changing from high-speed system clock (C) to high-speed on-chip oscillator clock (B)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register CSC Register Oscillation accuracy CKC Register
Status Transition HIOSTOP stabilization time MCMO
(C) -~ (B) 0 30 us 0

Unnecessary if the CPU is operating with
the high-speed on-chip oscillator clock

Remark  (A)to (H) in Tables 5 - 3t0 5 - 5 correspond to (A) to (H) in Figure 5 - 16.
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Table 5 - 5 CPU Clock Transition and SFR Register Setting Examples (3/3)

(5) <+ HALT mode (D) set while CPU is operating with high-speed on-chip oscillator clock (B)
* HALT mode (E) set while CPU is operating with high-speed system clock (C)

Status Transition Setting

(B) > (D) Executing HALT instruction
©)->®

Remark  (A)to (H) in Tables 5 - 3to 5 - 5 correspond to (A) to (H) in Figure 5 - 16.

(6) + STOP mode (F) set while CPU is operating with high-speed on-chip oscillator clock (B)
» STOP mode (G) set while CPU is operating with high-speed system clock (C)

(Setting sequence)

v

Status Transition Setting

(B)—>(F) —

— Stopping peripheral -
(C) - (G) In X1 oscillation ) Sets the OSTS register
functions that cannot

operate in STOP mode

External main
system clock

Executing STOP
instruction

(7) CPU changing from STOP mode (H) to SNOOZE mode (H)

For details about the setting for switching from the STOP mode to the SNOOZE mode, see 12.8 SNOOZE Mode

Function, 13.5.7 SNOOZE mode function, and 13.7.3 SNOOZE mode function.

Remark (A) to (H) in Tables 5 - 3to 5 - 5 correspond to (A) to (H) in Figure 5 - 16.
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5.6.4  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 - 6 Changing CPU Clock

CPU Clock N ]
Condition Before Change Processing After Change
Before Change After Change
High-speed on-chip | X1 clock Stabilization of X1 oscillation Operating current can be reduced
oscillator clock * OSCSEL =1, EXCLK =0, MSTOP =0 by stopping high-speed on-chip

« After elapse of oscillation stabilization time | oscillator (HIOSTOP = 1).

External main system Enabling input of external clock from the
clock EXCLK pin
* OSCSEL =1, EXCLK =1, MSTOP =0

X1 clock High-speed on-chip Oscillation of high-speed on-chip oscillator | X1 oscillation can be stopped
oscillator clock * HIOSTOP =0 (MSTOP =1).
External main system Transition not possible —
clock
External main High-speed on-chip Oscillation of high-speed on-chip oscillator | External main system clock input
system clock oscillator clock * HIOSTOP =0 can be disabled (MSTOP =1).
X1 clock * Transition not possible —
« After elapse of oscillation stabilization time
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5.6.5 Time required for switchover of CPU clock and main system clock

By setting bits 4 (MCMO) of the system clock control register (CKC) and main system clock can be switched
(between the high-speed on-chip oscillator clock and the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to the CKC register; operation
continues on the pre-switchover clock for several clocks (see Tables 5-7 and 5 - 8).

Whether the main system clock is operating on the high-speed system clock or high-speed on-chip oscillator
clock can be ascertained using bit 5 (MCS) of the CKC register.
When the CPU clock is switched, the peripheral hardware clock is also switched.

Table 5 - 7 Maximum Time Required for Main System Clock Switchover

Clock A Switching directions Clock B Remark
fiH <4+—> fmx See Table 5-8
Table 5 - 8 Maximum Number of Clocks Required for fiH <> fmx
Set Value Before Switchover Set Value After Switchover
MCMO
MCMO 0 1
(fmaiN = fiH) (fmaiN = fmx)
0 fmx > fiH 2 clock
(fmain = fir) fvx < fin 1 + fin/fmx clock
1 fmx > fiH 2fmx/fiH clock
(fmaIN = fiH) fmx < fiH 2 clock

Remark 1. The number of clocks listed in Table 5 - 8 is the number of CPU clocks before switchover.
Remark 2. Calculate the number of clocks in Table 5 - 8 by rounding up the number after the decimal position.

Example

clock (@ oscillation with fiH = 8 MHz, fmux = 10 MHz)
2fmx/fin = 2 (10/8) = 2.5 — 3 clocks

When switching the main system clock from the high-speed system clock to the high-speed on-chip oscillator
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5.6.6 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 - 9 Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock

Conditions Before Clock Oscillation Is Stopped
(External Clock Input Disabled)

Flag Settings of SFR Register

External main system clock

High-speed on-chip oscillator MCS=1 HIOSTOP =1
clock (The CPU is operating on a clock other than the high-

speed on-chip oscillator clock.)
X1 clock MCS =0 MSTOP =1

(The CPU is operating on a clock other than the
high-speed system clock.)
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5.7 Operation-Verified Resonators and Reference Oscillator Constants As of
June 2012

The following shows operation-verified resonators and their reference oscillator constants.
These oscillator constants are reference values based on evaluation in a specific environment by the resonator
manufacturer.
If it is necessary to optimize the oscillator characteristics in the actual application, apply to the resonator
manufacturer for evaluation on the implementation circuit.
The oscillation voltage and oscillation frequency only indicate the oscillator characteristic.
Use the uPD79F7027, uPD79F7028 so that the internal operation conditions are within the specifications of the DC
and AC characteristics.

Figure 5 - 17 Example of External Circuit

(a) X1 oscillation

Vss X1

ol
-

C1
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(1) X1 oscillation
Flash Circuit Constants Voltage
Manufacturer | Resonator Part Number SMD/ | Frequency Operation (Reference) Note 2 Range (V)
Lead (MHz) ModeNoe1 | C1 | C2 | Rd | |
(PF) | (F) | (k)

Murata Ceramic CSTCR4MO00G55-R0 | SMD 4.0 LS (39) (39) 0 2.7 55

Manufacturing | resonator | cST| S4M00G53-B0 | Lead @5) | a5 | o

Ca., Ltd. CSTCR5MO00G53-R0 | SMD 5.0 (15) | (15) 0
CSTLS5M00G53-B0 | Lead (15) | (15) 0
CSTCR6M00G53-R0 | SMD 6.0 (15) | (15) 0
CSTLS6M00G53-B0 | Lead (15) | (15) 0
CSTCE8MO00G52-R0 | SMD 8.0 (10) | (10) 0
CSTLS8M00G53-B0 | Lead (15) | (15) 0
CSTCR5M00G53-R0 | SMD 5.0 HS (15) | (15) 0 2.7 5.5
CSTLS5M00G53-B0 | Lead (15) | (15) 0
CSTCR6M00G53-R0 | SMD 6.0 (15) | (15) 0
CSTLS6M00G53-B0 | Lead (15) | (15) 0
CSTCE8MO00G52-R0 | SMD 8.0 (10) | (10) 0
CSTLS8M00G53-B0 | Lead (15) | (15) 0
CSTCE10M0G52-R0O | SMD 10.0 (10) | (10) 0
CSTLS10M0G53-B0 | Lead (15) | (15) 0
CSTCE16MO0V53-R0 | SMD 16.0 @15) | (@15) 0
CSTLS16M0X51-BO | Lead (5) (5) 0
CSTCE20MOV51-R0 | SMD 20.0 HS (5) (5) 0 27 | 55
CSTLS20M0X51-BO | Lead (5) (5) 0

Nihon Dempa | Ceramic NX3225HA Note 3 SMD 20 HS Note 3 2.7 5.5

Kogyo resonator

Co., Ltd.

Note 1. Set the flash operation mode by using the CMODE1 and CMODEUQO bits of the option byte (000C2H).

Note 2. Values in parentheses in the C1 and C2 columns indicate an internal capacitance.

Note 3. When using these resonators, contact Nihon Dempa Kogyo Co., Ltd (http://www.ndk.com/en) for more information on

matching.

(Cautions are listed on the next page.)
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Caution 1. The parameters of operation-verified resonators and the reference oscillator constants shown above are only
reference values based on the information provided from the resonator manufacturer. Renesas Electronics
Corporation disclaims any warranties regarding the values.
The reference oscillator constants are the results of tests carried out by the resonator manufacturer under fixed
operating conditions. Values may differ for actual systems. Confirm the optimal oscillator constants applicable
to your systems with the resonator manufacturer for evaluation on the implementation circuit. In addition, the
above conditions are for oscillating the resonator which is connected to the MCU, and do not show MCU
operation conditions. Use the MCU so that the internal operation conditions are within the specifications of the
DC and AC characteristics.

Caution 2. Left open because feed-back resistors are internally provided in the MCU.
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CHAPTER 6 TIMER ARRAY UNIT

The timer array unit has four 16-bit timers.
Each 16-bit timer is called a channel and can be used as an independent timer. In addition, two or more “channels” can
be used to create a high-accuracy timer.

TIMER ARRAY UNIT

4 )

channel 0 o
16-bit timers
|
channel 1 /
channel 2
channel 3

N /

For details about each function, see the table below.

Independent channel operation function Simultaneous channel operation function
« Interval timer (— refer to 6.7.1) * One-shot pulse output (— refer to 6.8.1)
» Square wave output (— refer to 6.7.1) * PWM output (— refer to 6.8.2)
« External event counter (— refer to 6.7.2) * Multiple PWM output (— refer to 6.8.3)

« Divider function Note (— refer to 6.7.3)

« Input pulse interval measurement (— refer to 6.7.4)

* Measurement of high-/low-level width of input signal
(— refer to 6.7.5)

« Delay counter (— refer to 6.7.6)

Note Only channel O of timer arra unit 0.

It is possible to use the 16-bit timer of channels 1 and 3 of the unit 0 as two 8-bit timers (higher and lower). The functions
that can use channels 1 and 3 as 8-bit timers are as follows:

« Interval timer
« External event counter (lower 8-bit timer only)
« Delay counter (lower 8-bit timer only)
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6.1 Functions of Timer Array Unit

Timer array unit has the following functions.

6.1.1 Independent channel operation function

By operating a channel independently, it can be used for the following purposes without being affected by the
operation mode of other channels.

(1) Interval timer
Each timer of a unit can be used as a reference timer that generates an interrupt (INTTMmn) at fixed
intervals.

Compare operation Interrupt signal

Channel n (INTTMmn) _ﬂ_ﬂ_

Operation clock

(2) Square wave output
A toggle operation is performed each time INTTMmn interrupt is generated and a square wave with a duty
factor of 50% is output from a timer output pin (TOmn).

Operation clock Timer output _|_|_|_|_
Channel n (TOmn)

(3) External event counter
Each timer of a unit can be used as an event counter that generates an interrupt when the number of the

valid edges of a signal input to the timer input pin (TImn) has reached a specific value.

£ Timerinput |Compare operation| Interrupt signal
! Y _  (Timn) Channel n (INTTMmn)

Edge detection

(4) Divider function (channel 0 only)
A clock input from a timer input pin (TI00) is divided and output from an output pin (TOmO).

Timer input |Compare operation | © Timer output

o—
JUUUL  (riooy Chamel 0 mooy _ | L[ L

(5) Input pulse interval measurement
Counting is started by the valid edge of a pulse signal input to a timer input pin (TImn). The count value of
the timer is captured at the valid edge of the next pulse. In this way, the interval of the input pulse can be
measured.

_f i P U Timerinput Capture operation
Edge detection (Timn) Channel n m -
Start Capture

(Note, Caution, and Remark are listed on the next page.)
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(6) Measurement of high-/low-level width of input signal
Counting is started by a single edge of the signal input to the timer input pin (TImn), and the count value is
captured at the other edge. In this way, the high-level or low-level width of the input signal can be measured.

L e g [ 1
Cl

L

Edge detection  (TIMmn) hannel n i
00H xxH

Start Capture

(7) Delay counter
Counting is started at the valid edge of the signal input to the timer input pin (TImn), and an interrupt is
generated after any delay period.

§ 1 Timerinput Compare operation Interrupt signal
—  Y_  (Timn) Channel n (INTTMmn)

Edge detection

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)

6.1.2 Simultaneous channel operation function

By using the combination of a master channel (a reference timer mainly controlling the cycle) and slave channels
(timers operating according to the master channel), channels can be used for the following purposes.

(1) One-shot pulse output
Two channels are used as a set to generate a one-shot pulse with a specified output timing and a specified
pulse width.

—\
L mimeri g [

Edge detection ~ (TIMn) Channel n (master) p

—‘ Interrupt signal (INTTMmn)

1 1
Toggle  Toggle
(Master) (Slave)

Output Pulse width
. - \ timing
__ompare operation Timer output
—O P

Channel p (slave) / (TOmp) i i

Start
(Master)

(2) PWM (Pulse Width Modulation) output
Two channels are used as a set to generate a pulse with a specified period and a specified duty factor.

) |Compare operati0n|
Operation clock

Channel n (master)
J

—‘ Interrupt signal (INTTMmn)

|Compare operati0n|

\
© Timer output

(TOmMp) 1 |

Channel p (slave) ) FDE;I i
1 1
' Period !
(Caution is listed on the next page.)
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(3) Multiple PWM (Pulse Width Modulation) output
By extending the PWM function and using one master channel and two or more slave channels, up to three
types of PWM signals that have a specific period and a specified duty factor can be generated.

) Compare operation Interrupt signal (INTI'an)
Operation clock

Channel n (master)

—> H
Duty i
U
1

l Compare operation Timer output

Channel p (slave) (TOmp) i

|

Period

N2
l Compare operation Timer output

)

Channel q (slave) (TOma) —>
| Duty
—
' Period

Caution  The following rules apply when using multiple channels simultaneously.
* Only an even-numbered channel (channel 0, 2) can be specified as the master channel.
* Only channels with lower channel numbers than the master channel can be specified as slave channels
(multiple slave channels can be set).

For details about the rules of simultaneous channel operation function, see 6.4.1 Basic rules of simultaneous
channel operation function.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3),
p. g: Slave channel number (n<p < q<3)

6.1.3  8-bit timer operation function (channels 1 and 3 only)

The 8-bit timer operation function makes it possible to use a 16-bit timer channel in a configuration consisting of
two 8-bit timer channels. This function can only be used for channels 1 and 3.

Caution There are several rules for using 8-bit timer operation function.
For details, see 6.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only).
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6.2 Configuration of Timer Array Unit

Timer array unit includes the following hardware.

Table 6 - 1 Configuration of Timer Array Unit

Iltem Configuration
Timer/counter Timer count register mn (TCRmn)
Register Timer data register mn (TDRmn)
Timer input TIOO to TIO3
Timer output TOO0O0 to TO03, output controller
Control registers <Registers of unit setting block>

« Peripheral enable register 0 (PERO)

« Timer clock select register m (TPSm)

« Timer channel enable status register m (TEm)
« Timer channel start register m (TSm)

« Timer channel stop register m (TTm)

« Timer input select register 0 (TISO)

« Timer output enable register m (TOEm)

« Timer output register m (TOm)

« Timer output level register m (TOLm)

« Timer output mode register m (TOMm)

<Registers of each channel>

« Timer mode register mn (TMRmn)

« Timer status register mn (TSRmn)

* Noise filter enable register 1 (NFEN1)
« Port mode register (PMxx) Note 2

« Port register (Pxx) Note 2

Note 1. See Table 6 - 2 Timer I/O Pins provided in Each Product for details.
Note 2. See 6.3 (14) Port mode registers 0, 1, 3 (PM0, PM1, PM3).

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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The presence or absence of timer I/O pins in each timer array unit channel depends on the product.

Table 6 - 2 Timer 1/O Pins provided in Each Product

) ) 1/0O Pins of Each Product
Timer array unit channels
30, 32-pin
Channel 0 PO0/TI00, PO1/TO00
Channel 1 P16/TI01/TO01
Unit 0
Channel 2 P17/T102/TO02
Channel 3 P31/T103/TO03

Remark  When timer input and timer output are shared by the same pin, either only timer input or only timer output can be used.

X

Tables 6 - 1 and 6 - 2 show the block diagrams of the timer array unit.
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Figure 6 - 1 Entire Configuration of Timer Array Unit O

Timer clock select register 0 (TPSO0)

PRSO3!‘PRSOSO PRS021|PRS020{PRS013{PRS012|PRS011]PRS010[PRS003(PRS002|PRS001JPRS000

Timer input select
register 0 (TISO) I [ I [ | I N
TIS04| TIS02 | TISO01 | TIS00 2 2 4 4
fcik - Prescaler

feLik/2®, foLk/2%°,  foLk/2t, foLki/2?, R I |15
folk/2®, fok/2¥  foik/2?, fok/2® fcLk/2” - feuk/2

Perg):;t:;l TAUOEN Selector Selector
register 0 I
(PERO) > Selector Selector -— |
]
Event input ~ | / Slave/master controller | \ ® TO00
from ELC % L d > AN — INTTMOO
TIOO @ > g \ Channel 0 / (Timer interrupt)
i ® h d > / \—>© TOO01
; [ > N\ - INTTMO1
L —— »
5 Channel 1 Slave/master controller | /—> INTTMO1H
TIOl@—» ©
Event input > + > —»© TO02
from ELC TI02 ©— L » INTTMO2
\ Channel 2 /
v
> \—>© TO03
> —» INTTMO3
T|O3©—\ Channel 3 /—> INTTMO3H
Remark  fiL: Low-speed on-chip oscillator clock frequency
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Figure 6 - 2 Internal Block Diagram of Channel of Timer Array Unit O

Slave/master
controller

¢+——» Trigger signal to slave channel
» Clock signal to slave channel
» Interrupt signal to slave channel

ok — T R
( "ol fmek S5 frew Timer controller > Output
X CKO1 -% 8 > ‘; 3 > .| controller —@© TOOn
_() | & D >S5
! o g._g »!3? Mode Output latch
S selection . (Pxx)
L_©  J * > > Interrupt INTTMO!
1 Y E— controller - n
| Edge - [ (Timer interrupt)
TIon© »detection |5 &
[} |8 S e ‘
£
> | Timer counter register On (TCROn) |
Timer status
‘ M register On (TSRON)

Ahl £+v | Timer data register On (TDROn) |—> OO\;F
Slave/master |- Overflow
controller
]

1 I

[ | [ | [ 1 1 |
STSOn%STSOn]ISTSOnCi CISOn1 MDON1|MDONO|

MAS
TERON

\ Channel n Timer mode register On (TMRON)

CISOnO|

MDONn3

MDONn2

|CKSOn|CCSOn

Remark n=0,2

(1) Timer count register mn (TCRmn)
The TCRmn register is a 16-bit read-only register and is used to count clocks.
The value of this counter is incremented or decremented in synchronization with the rising edge of a count
clock.
Whether the counter is incremented or decremented depends on the operation mode that is selected by the
MDmn3 to MDmnO bits of timer mode register mn (TMRmn) (refer to 6.3 (3) Timer mode register mn

(TMRmn)).
Figure 6 - 3 Format of Timer count register mn (TCRmn)
Address: FO180H, F0181H (TCR00) to FO186H, FO187H (TCRO03) After reset: FFFFH R
FO181H (TCRO00) FO180H (TCRO0)
[ | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ereof | [ [ [ [ [ [ [ [ [ [ [ [ [ |

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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The count value can be read by reading timer count register mn (TCRmn).

The count value is set to FFFFH in the following cases.

* When the reset signal is generated

* When the TAUMEN bit of peripheral enable register 0 (PERQO) is cleared

« When counting of the slave channel has been completed in the PWM output mode

* When counting of the slave channel has been completed in the delay count mode

* When counting of the master/slave channel has been completed in the one-shot pulse output mode
« When counting of the slave channel has been completed in the multiple PWM output mode
The count value is cleared to 0000H in the following cases.

* When the start trigger is input in the capture mode

* When capturing has been completed in the capture mode

Caution The count value is not captured to timer data register mn (TDRmn) even when the TCRmn register
is read.

The TCRmn register read value differs as follows according to operation mode changes and the operating status.

Table 6 - 3 Timer Count Register mn (TCRmn) Read Value in Various Operation Modes

Timer count register mn (TCRmn) Read Value Note
. Value if the Value if the
Value if the . d o . val h -,
Operation Mode Count Mode operation mode was operation mode was peration was alue when waiting
chanaed after changed after count | restarted after count | for a start trigger
g_ operation paused operation paused after one count
releasing reset
(TTmn=1) (TTmn =1)
Interval timer mode | Count down FFFFH Undefined Stop value —
Capture mode Count up 0000H Undefined Stop value —
Event counter Count down FFFFH Undefined Stop value —
mode
One-count mode Count down FFFFH Undefined Stop value FFFFH
Capture & one- Count up 0000H Undefined Stop value Capture value of
count mode TDRmn register + 1
Note This indicates the value read from the TCRmn register when channel n has stopped operating as a timer (TEmn = 0) and

has been enabled to operate as a counter (TSmn = 1). The read value is held in the TCRmn register until the count
operation starts.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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(2) Timer data register mn (TDRmn)
This is a 16-bit register from which a capture function and a compare function can be selected.
The capture or compare function can be switched by selecting an operation mode by using the MDmn3 to
MDmnO bits of timer mode register mn (TMRmn).
The value of the TDRmn register can be changed at any time.
This register can be read or written in 16-bit units.
In addition, for the TDRm1 and TDRm3 registers, while in the 8-bit timer mode (when the SPLIT bits of timer
mode registers 01 and 03 (TMRm1, TMRm3) are 1), it is possible to rewrite the data in 8-bit units, with
TDRm1H and TDRm3H used as the higher 8 bits, and TDRm1L and TDRm3L used as the lower 8 bits.
However, reading is only possible in 16-bit units.
Reset signal generation clears this register to 0000H.

Figure 6 - 4 Format of Timer data register mn (TDRmn) (n =0, 2)

Address: FFF18H, FFF19H (TDRO0), FFF64H, FFF65H (TDR02) After reset: 0000H RIW
FFF19H (TDROO) FFF18H (TDROO)
| |
[ I |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oren{ [ | | [ [ [ [ [ [ [ [ [ 1 T /|

Figure 6 - 5 Format of Timer data register mn (TDRmn) (n = 1, 3)

Address: FFF1AH, FFF1BH (TDRO1), FFF66H, FFF67H (TDR03) After reset: 00H RIW
FFF1BH (TDRO1H) FFF1AH (TDRO1L)
| |
[ I |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oren{ [ | | [ [ | | [ [ 1 [ [ 1 T /|

(i) When timer data register mn (TDRmn) is used as compare register
Counting down is started from the value set to the TDRmn register. When the count value reaches 0000H, an
interrupt signal (INTTMmn) is generated. The TDRmn register holds its value until it is rewritten.

Caution The TDRmn register does not perform a capture operation even if a capture trigger is input,
when it is set to the compare function.

(i) When timer data register mn (TDRmn) is used as capture register
The count value of timer count register mn (TCRmn) is captured to the TDRmn register when the capture
trigger is input.
A valid edge of the TImn pin can be selected as the capture trigger. This selection is made by timer mode
register mn (TMRmn).

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)

RO1UHO0326EJ0100 Rev. 1.00 RENESAS Page 176 of 849
Jun 20, 2012



MPD79F7027, pPD79F7028 CHAPTER 6 TIMER ARRAY UNIT

6.3 Registers Controlling Timer Array Unit

Timer array unit is controlled by the following registers.

« Peripheral enable register 0 (PERO)

« Timer clock select register m (TPSm)

» Timer mode register mn (TMRmn)

« Timer status register mn (TSRmn)

« Timer channel enable status register m (TEm)
« Timer channel start register m (TSm)
 Timer channel stop register m (TTm)
 Timer input select register 0 (TIS0)

« Timer output enable register m (TOEm)
 Timer output register m (TOm)

 Timer output level register m (TOLm)

« Timer output mode register m (TOMm)
« Noise filter enable register 1 (NFEN1)

« Port mode register (PMxx) Note

« Port register (Pxx) Note

Note For details, see 6.3 (14) Port mode registers 0, 1, 3 (PMO0, PM1, PM3).

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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(1) Peripheral enable register 0 (PERO)
This registers is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a
hardware macro that is not used is stopped in order to reduce the power consumption and noise.
When the timer array unit O is used, be sure to set bit 0 (TAUOEN) of this register to 1.
The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to OOH.

Figure 6 - 6 Format of Peripheral enable register 0 (PERO)

Address: FOOFOH After reset: 00H R/W
Symbol <7> 6 <5> 4 3 <2> 1 <0>
PERO INTEN 0 ADCEN 0 0 SAUOEN 0 TAUOEN
TAUOEN Control of timer array O unit input clock
0 Stops supply of input clock.

* SFR used by the timer array unit 0 cannot be written.
» The timer array unit 0 is in the reset status.

1 Supplies input clock.
» SFR used by the timer array unit O can be read/written.

Caution 1. When setting the timer array unit, be sure to set the TAUmMEN bit to 1 first. If TAUmMEN = 0, writing to a
control register of timer array unit is ignored, and all read values are default values (except for the
timer input select register 0 (TIS0), noise filter enable register 1 (NFEN1), port mode registers 0, 12, 14
(PMO, PM12, PM14), and port registers 0, 1, 3 (PO, P1, P3)).

Caution 2. Be sure to clear the following bits to 0.
Bits 1, 3,4, 6
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(2) Timer clock select register m (TPSm)
The TPSm register is a 16-bit register that is used to select two types or four types of operation clocks (CKmO,
CKm1) that are commonly supplied to each channel from external prescaler. CKm1 is selected by using bits 7 to
4 of the TPSm register, and CKmO is selected by using bits 3 to 0. In addition, for channel 1 and 3, CKm2 is
selected by using bits 9 and 8 of the TPSm register, and CKm3 is selected by using bits 13 and 12.
Rewriting of the TPSm register during timer operation is possible only in the following cases.

If the PRSmOO0 to PRSmO3 bits can be rewritten (n = 0 to 3):
All channels for which CKmoO is selected as the operation clock (CKSmn1, CKSmnO = 0, 0) are stopped (TEmn
=0).

If the PRSm10 to PRSm13 bits can be rewritten (n = 0 to 3):
All channels for which CKm2 is selected as the operation clock (CKSmn1, CKSmn0 = 0, 1) are stopped (TEmn
=0).

If the PRSm20 and PRSm21 bits can be rewritten (n = 1, 3):
All channels for which CKm1 is selected as the operation clock (CKSmn1, CKSmnO = 1, 0) are stopped (TEmn
=0).

If the PRSm30 and PRSm31 bits can be rewritten (n = 1, 3):
All channels for which CKm3 is selected as the operation clock (CKSmn1, CKSmn0 = 1, 1) are stopped (TEmn
=0).

The TPSm register can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.
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Figure 6 - 7 Format of Timer clock select register m (TPSm) (1/2)

Address: FO1B6H, FO1B7H (TPS0) After reset: 0000H R/IW

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PSm 0 0 PRSmM|PRSmM 0 0 PRSmM|PRSM|PRSmM|PRSM|PRSmM|PRSmM|PRSmM|PRSmM|PRSmM|PRSmM
31 30 21 20 13 12 11 10 03 02 01 00
prs | Prs | PRs | PRS Selection of operation clock (CKmk) Note (k = 0, 1)

mk3 | mk2 | mk1 | mko foik = foLk = foik = foLk =
2 MHz 5 MHz 10 MHz 20 MHz

0 0 0 0 fcLk 2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 foLk/2 1 MHz 2.5 MHz 5 MHz 10 MHz

0 0 1 0 fcLk/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz
0 0 1 1 fcLk/23 250 kHz 625 kHz 1.25 MHz 2.5 MHz
0 1 0 0 fcLk/24 125 kHz 312.5 kHz 625 kHz 1.25 MHz
0 1 0 1 fcLk/25 62.5 kHz 156.2 kHz 312.5 kHz 625 kHz
0 1 1 0 fcLk/28 31.25 kHz 78.1 kHz 156.2 kHz 312.5 kHz
0 1 1 1 feLk/27 15.62 kHz 39.1 kHz 78.1 kHz 156.2 kHz
1 0 0 0 fcLk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz
1 0 0 1 fcLk/29 3.91 kHz 9.76 kHz 19.5 kHz 39.1 kHz
1 0 1 0 fcLk/210 1.95 kHz 4.88 kHz 9.76 kHz 19.5 kHz
1 0 1 1 fcLk/211 976 Hz 2.44 kHz 4.88 kHz 9.76 kHz
1 1 0 0 fcLk/212 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz
1 1 0 1 fcLk/213 244 Hz 610 Hz 1.22 kHz 2.44 kHz
1 1 1 0 fcLk/214 122 Hz 305 Hz 610 Hz 1.22 kHz

1 1 1 1 fcLk/215 61 Hz 153 Hz 305 Hz 610 Hz

Note When changing the clock selected for fcLk (by changing the system clock control register (CKC) value), stop

timer array unit (TTm = 000FH).

Caution 1. Be sure to clear bits 15, 14, 11, 10 to “0”.
Caution 2. If fcLk (undivided) is selected as the operation clock (CKmk) and TDRnm is set to 0000H (m =0 to 3),
interrupt requests output from timer array units are not detected.

Remark 1. fcLk: CPU/peripheral hardware clock frequency
Remark 2. Waveform of the clock to be selected in the TPSO register which becomes high level for one period of fcLk
from its rising edge. For details, see 6.5.1 Count clock (fTcLk).
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Figure 6 - 8 Format of Timer clock select register m (TPSm) (2/2)

Address: FO1B6H, FO1B7H (TPSO0) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
sml o 0 PRSm|PRSm 0 0 PRSmM|PRSmM|PRSmM|{PRSmM|PRSmM|PRSmM|PRSmM|PRSmM|PRSmM|PRSm
31 30 21 20 13 12 11 10 03 02 01 00

PRS | PRS Selection of operation clock (CKm2) Note

m21 | m20 folk = 2 MHz fclk = 5 MHz fclk = 10 MHz fclk = 20 MHz
0 0 fcLk/2 1 MHz 2.5 MHz 5 MHz 10 MHz
0 1 fcLk/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz
1 0 fcLk/24 125 kHz 312.5 kHz 625 kHz 1.25 MHz
1 1 fcLk/26 31.25 kHz 78.1 kHz 156.2 kHz 312.5 kHz

Selection of operation clock (CKm3) Note
PRS | PRS
m31 | m30 fcuk = fclk = fcLk = fcLk =
2 MHz 5 MHz 10 MHz 20 MHz
0 0 fcLk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz
0 1 fcLk/210 1.95 kHz 4.88 kHz 9.76 kHz 19.5 kHz
1 0 feLk/212 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz
1 1 fcLk/214 122 Hz 305 Hz 610 Hz 1.22 kHz
Note When changing the clock selected for fcLk (by changing the system clock control register (CKC) value), stop
timer array unit (TTm = 000FH).
Caution  Be sure to clear bits 15, 14, 11, 10 to “0”.

By using channels 1 and 3 in the 8-bit timer mode and specifying CKm2 or CKm3 as the operation clock, the

interval times shown in Table 6 - 4 can be achieved by using the interval timer function.

Table 6 - 4 Interval Times Available for Operation Clock CKSm2 or CKSm3

Clock

Interval time (fcLk = 20 MHz)

16 ps

160 ps

1.6 ms

16 ms

CKm2

fcLk/2

fcLk/22

foLk/24

fcLk/26

< | 2| 2| <

CKm3

fcLk/28

fcLk/210

< | 2| 2| <

fcLk/212

foLk/214

< | 2| 2| <

Note

The margin is within 5%.

Remark 1. fcLk: CPU/peripheral hardware clock frequency

Remark 2. For details of a signal of fcLk/2' selected with the TPSm register, see 6.5.1 Count clock (fTcLk).
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(3) Timer mode register mn (TMRmn)
The TMRmn register sets an operation mode of channel n. This register is used to select the operation clock
(fmck), select the count clock, select the master/slave, select the 16 or 8-bit timer (only for channels 1 and 3),
specify the start trigger and capture trigger, select the valid edge of the timer input, and specify the operation
mode (interval, capture, event counter, one-count, or capture and one-count).
Rewriting the TMRmn register is prohibited when the register is in operation (when TEmn = 1). However, bits 7
and 6 (CISmn1, CISmn0) can be rewritten even while the register is operating with some functions (when TEmn
= 1) (for details, see 6.7 Independent Channel Operation Function of Timer Array Unit and 6.8
Simultaneous Channel Operation Function of Timer Array Unit.
The TMRmn register can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Caution  The bits mounted depend on the channels in the bit 11 of TMRmn register.
TMRmM2: MASTERmn bit (n = 2)
TMRm1, TMRm3: SPLITmn bit (n = 1, 3)
TMRmMO: Fixed to O
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Symbol

TMRmn
(n=2)

Symbol
TMRmn
(n=1,3)

Symbol

TMRmn
(n=0)

Figure 6 - 9 Format of Timer mode register mn (TMRmn) (1/4)

Address: FO190H, FO191H (TMRO00) to FO196H, FO197H (TMRO03), After reset: 0000H R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSm|CKSm 0 CCSm| MAST | STSm|STSm|STSm |CISmn|CISmn 0 0 MDmn|{MDmn|{MDmn|MDmn
nl n0 n ERmn | n2 nl no 1 0 3 2 1 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSm|CKSm 0 CCSmM|SPLIT|STSmM|STSm|STSm |CISmn|CISmn 0 0 MDmn|{MDmn|{MDmn|MDmn
nl n0 n mn n2 nl no 1 0 3 2 1 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSm|CKSm 0 CCSm| 0 [STSm|STSm|STSm|CISmn|CISmn 0 0 MDmn|{MDmn|{MDmn|MDmn
nl no n Notel | n2 nl no 1 0 3 2 1 0
CKS | CKS
Selection of operation clock (fuck) of channel n
mnl [ mnO
0 0 | Operation clock CKmO set by timer clock select register m (TPSm)
0 1 | Operation clock CKm2 set by timer clock select register m (TPSm)
1 0 | Operation clock CKm1 set by timer clock select register m (TPSm)
1 1 | Operation clock CKm3 set by timer clock select register m (TPSm)

Operation clock (fuck ) is used by the edge detector. A count clock (frcLk) and a sampling clock are generated

depending on

the setting of the CCSmn bit.

The operation clocks CKm2 and CKm3 can only be selected for channels 1 and 3.

CCSmn Selection of count clock (frcLk) of channel n
0 Operation clock (fmck) specified by the CKSmn0 and CKSmn1 bits
1 Valid edge of input signal input from the TImn pin

Count clock (frcLk) is used for the timer/counter, output controller, and interrupt controller.

Note 1. Bit 11 is fixed at O of read only, write is ignored.

Caution 1. Be sure to clear bits 13, 5, and 4 to “0”.
Caution 2. The timer array unit must be stopped (TTm = 00FFH) if the clock selected for fcLk is changed (by
changing the value of the system clock control register (CKC)), even if the operating clock specified
by using the CKSmn0 and CKSmn1 bits (fmck) or the valid edge of the signal input from the TImn pin
is selected as the count clock (fTcLk).

Remark m:

Unit number (m = 0), n: Channel number (n =0 to 3)
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Figure 6 - 10 Format of Timer mode register mn (TMRmn) (2/4)

(n=1,3)| n1 n0

Address: FO190H, FO191H (TMRO00) to FO196H, F0197H (TMRO03), After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |[CKSm|CKSm 0 CCSm| MAST [STSm|STSm |STSm |CISmn|CISmn 0 0 MDmn{MDmn|{MDmn|MDmn
(n=2)| nl n0 n ERmn | n2 nl no 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |[CKSm|CKSm 0 CCSm|SPLIT|STSmM|STSm |STSm |CISmn|CISmn 0 0 MDmn{MDmn|{MDmn|MDmn
n mn n2 nl n0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmnN |CKSmM|CKSm 0 CCSm| 0 |STSm|STSm|STSm|CISmn|CISmn 0 0 MDmn{MDmn|{MDmn|MDmn
(n=0)| n n0 n Notel | n2 nl no 1 0 3 2 1 0

(Bit 11 of TMRmn (n = 2))

MASTERmMN

Selection between using channel n independently or
simultaneously with another channel (as a slave or master)

0

Operates in independent channel operation function or as slave channel in simultaneous channel
operation function.

1

Operates as master channel in simultaneous channel operation function.

channel).

Only channel 2 can be set as a master channel (MASTERmn = 1).
Channel 0 is fixed to 0 (channel 0 always operates as master regardless of the bit setting, because it is the highest

Clear the MASTERmMN bit to 0 for a channel that is used with the independent channel operation function.

(Bit 11 of TMRmn (n = 1, 3))

SPLITmn Selection of 8 or 16-bit timer operation for channels 1 and 3
0 Operates as 16-bit timer.
(Operates in independent channel operation function or as slave channel in simultaneous channel
operation function.)
1 Operates as 8-bit timer.
STS | STS | STS . ) .
Setting of start trigger or capture trigger of channel n
mn2 | mnl | mnO
0 0 0 | Only software trigger start is valid (other trigger sources are unselected).
0 0 1 | Valid edge of the TImn pin input is used as both the start trigger and capture trigger.
0 1 0 | Both the edges of the TImn pin input are used as a start trigger and a capture trigger.
1 0 0 | Interrupt signal of the master channel is used (when the channel is used as a slave channel with
the simultaneous channel operation function).
Other than above | Setting prohibited

Note 1. Bit 11 is fixed at O of read only, write is ignored.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6 - 11 Format of Timer mode register mn (TMRmn) (3/4)

Address: FO190H, F0191H (TMRO00) to FO196H, FO197H (TMRO03),

Symbol

TMRmn
(n=2)

Symbol
TMRmn
(n=1,3)

Symbol

TMRmn
(n=0)

After reset: 0000H

R/IW

15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
CKSm|CKSm 0 CCSm| MAST | STSm|STSm|STSm |CISmn|CISmn 0 MDmn|{MDmn|{MDmn|MDmn
nl n0 n ERmn | n2 nl no 1 0 3 2 1 0
15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
CKSm|CKSm 0 CCSmM|SPLIT|STSmM|STSm|STSm |CISmn|CISmn 0 MDmn|{MDmn|{MDmn|MDmn
nl n0 n mn n2 nl no 1 0 3 2 1 0
15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
CKSm|CKSm 0 CCSm| 0 [STSm|STSm|STSm|CISmn|CISmn 0 MDmn|{MDmn|{MDmn|MDmn
nl no n Notel | n2 nl no 1 0 3 2 1 0

CIs | CIs . - .
Selection of TImn pin input valid edge
mnl [ mnO
0 0 | Falling edge
0 1 |Rising edge
1 0 | Both edges (when low-level width is measured)
Start trigger: Falling edge, Capture trigger: Rising edge
1 1 |Both edges (when high-level width is measured)
Start trigger: Rising edge, Capture trigger: Falling edge

If both the edges are specified when the value of the STSmn2 to STSmnO bits is other than 010B, set the CISmn1 to

CISmnO bits to 10B.

rrg n'\:'r?z n’\:l:l r’::lr:) Operation mode of channel n Corresponding function Count operation of TCR
0 0 0 | 1/0 | Interval timer mode Interval timer / Square wave Counting down
output / Divider function / PWM
output (master)
0 1 0 | 1/0 | Capture mode Input pulse interval measurement | Counting up
0 1 0 | Event counter mode External event counter Counting down
1 0 0 | 1/0 | One-count mode Delay counter / One-shot pulse Counting down
output / PWM output (slave)
1 1 0 0 | Capture & one-count mode Measurement of high-/low-level Counting up
width of input signal

Other than above

Setting prohibited

The operation of the MDmnO bit varies depending on each operation mode (see Figure 6 - 12).

Note 1.

Remark

Bit 11 is fixed at O of read only, write is ignored.

m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6 - 12 Format of Timer mode register mn (TMRmn) (4/4)
Address: FO190H, FO191H (TMRO00) to FO196H, FO197H (TMRO03), After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSmM|CKSm 0 CCSm| MAST |STSm|STSm|STSm |CISmn|CISmn 0 0 MDmn{MDmn{MDmn{MDmn
(n=2)| nl n0 n ERmn | n2 nl no 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|{CKSm 0 CCSmM|SPLIT|STSmM|STSm|STSm |CISmn|CISmn 0 0 MDmn|{MDmn|{MDmn|MDmn
(n=1,3)| n1 n0 n mn n2 nl no 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmMN |CKSm|CKSm 0 CCSm| 0 [STSm|STSm|STSm|CISmn|CISmn 0 0 MDmn{MDmn{MDmn{MDmn
(n=0)| n n0 n Notel | n2 nl no 1 0 3 2 1 0
Operation mode MDm
(Value set by the MDmn3 to MDmn1 bits Setting of starting counting and interrupt
(see Figure 6 - 11)) no
« Interval timer mode (0, 0, 0) 0 | Timer interrupt is not generated when counting is started
« Capture mode (0, 1, 0) (timer output does not change, either).
1 | Timer interrupt is generated when counting is started
(timer output also changes).
« Event counter mode (0, 1, 1) 0 | Timer interrupt is not generated when counting is started
(timer output does not change, either).
» One-count mode Note 2 (1, 0, 0) 0 | Start trigger is invalid during counting operation.
At that time, interrupt is not generated, either.
1 | Start trigger is valid during counting operation Note 3,
At that time, interrupt is also generated.
« Capture & one-count mode (1, 1, 0) 0 | Timer interrupt is not generated when counting is started
(timer output does not change, either).
Start trigger is invalid during counting operation.
At that time interrupt is not generated, either.
Other than above Setting prohibited
Note 1. Bit 11 is fixed at O of read only, write is ignored.
Note 2. In one-count mode, interrupt output (INTTMmn) when starting a count operation and TOmn output are not
controlled.
Note 3. If the start trigger (TSmn = 1) is issued during operation, the counter is initialized, an interrupt is generated,

and recounting is started.

Remark ~ m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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(4) Timer status register mn (TSRmn)
The TSRmn register indicates the overflow status of the counter of channel n.
The TSRmn register is valid only in the capture mode (MDmn3 to MDmn1 = 010B) and capture & one-count
mode (MDmn3 to MDmn1 = 110B). See Table 6 - 5 for the operation of the OVF bit in each operation mode and
set/clear conditions.
The TSRmn register can be read by a 16-bit memory manipulation instruction.
The lower 8 bits of the TSRmn register can be set with an 8-bit memory manipulation instruction with TSRmnL.
Reset signal generation clears this register to 0000H.

Figure 6 - 13 Format of Timer status register mn (TSRmn)

Address: FO1A0H, FO1A1H (TSRO00) to FO1A6H, FO1A7H (TSR03) After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TSRenf 0 y o y o y oy o, oy} oj})oj}|poy| oy o0 | 0| 0| O | O |OVF
[oJoJoJoJofJoJoJofJoJoJofJoJo]Jol]eo [ow]

OVF Counter overflow status of channel n

0 | Overflow does not occur.

1 Overflow occurs.

When OVF = 1, this flag is cleared (OVF = 0) when the next value is captured without overflow.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)

Table 6 - 5 OVF Bit Operation and Set/Clear Conditions in Each Operation Mode

Timer operation mode OVF bit Set/clear conditions
» Capture mode clear When no overflow has occurred upon capturing
+ Capture & one-count mode set When an overflow has occurred upon capturing
* Interval timer mode clear

« Event counter mode (Use prohibited)
¢ One-count mode set P

Remark  The OVF bhit does not change immediately after the counter has overflowed, but changes upon the subsequent capture.
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(5) Timer channel enable status register m (TEm)

The TEm register is used to enable or stop the timer operation of each channel.

Each bit of the TEm register corresponds to each bit of the timer channel start register m (TSm) and the timer

channel stop register m (TTm). When a bit of the TSm register is set to 1, the corresponding bit of this register is
set to 1. When a bit of the TTm register is set to 1, the corresponding bit of this register is cleared to 0.
The TEm register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the TEm register can be set with a 1-bit or 8-bit memory manipulation instruction with TEmL.

Reset signal generation clears this register to 0000H.

Figure 6 - 14 Format of Timer channel enable status register m (TEm)

Address: FO1BOH, FO1B1H (TEO) After reset: 0000H R
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEHmM TEHmM
TEm| O 0 0 0 3 0 1 0 0 0 0 0 |TEm3|TEm2|TEm1|TEmO
TEH Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 3 is in the 8-bit
m3 timer mode

0 | Operation is stopped.

1 | Operation is enabled.

TEH
ml

Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 1 is in the 8-bit
timer mode

0 | Operation is stopped.

1 | Operation is enabled.

Indication of operation enable/stop status of channel n

0 | Operation is stopped.

1 |Operation is enabled.

This bit displays whether operation of the lower 8-bit timer for TEm1 and TEm3 is enabled or stopped when channel 1
or 3 is in the 8-bit timer mode.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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(6) Timer channel start register m (TSm)
The TSm register is a trigger register that is used to initialize timer count register mn (TCRmn) and start the

counting operation of each channel.

When a bit of this register is set to 1, the corresponding bit of timer channel enable status register m (TEm) is set
to 1. The TSmn, TSHm1, TSHmM3 bits are immediately cleared when operation is enabled (TEmn, TEHm1,
TEHmM3 = 1), because they are trigger bits.

The TSm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TSm register can be set with a 1-bit or 8-bit memory manipulation instruction with TSmL.

Reset signal generation clears this register to 0000H.

Figure 6 - 15 Format of Timer channel start register m (TSm)

Address: FO1B2H, FO1B3H (TS0) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSHmM TSHmM
TSm| O 0 0 0 3 0 1 0 0 0 0 0 |TSm3|TSm2|TSm1|TSmO
TSH . . . . L - L
m3 Trigger to enable operation (start operation) of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
0 | No trigger operation
1 | The TEHm3 bit is set to 1 and the count operation becomes enabled.
The TCRm3 register count operation start in the interval timer mode in the count operation enabled state (see
Table 6 - 6 in 6.5.2 Start timing of counter).
TSH . . . . L - o
ml Trigger to enable operation (start operation) of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
0 | No trigger operation
1 | The TEHmL1 bit is set to 1 and the count operation becomes enabled.
The TCRmL1 register count operation start in the interval timer mode in the count operation enabled state (see
Table 6 - 6 in 6.5.2 Start timing of counter).
TSm . .
n Operation enable (start) trigger of channel n
0 | No trigger operation
1 |The TEmn bitis set to 1 and the count operation becomes enabled.
The TCRmn register count operation start in the count operation enabled state varies depending on each
operation mode (see Table 6 - 6 in 6.5.2 Start timing of counter).
This bit is the trigger to enable operation (start operation) of the lower 8-bit timer for TSm1 and TSm3 when
channel 1 or 3 is in the 8-bit timer mode.

Caution 1. Be sure to clear bits 15to 12, 10, 8 to 4to “0”
Caution 2. When switching from a function that does not use TImn pin input to one that does, the following wait

period is required from when timer mode register mn (TMRmn) is set until the TSmn (TSHm1, TSHmM3)
bit is set to 1.

When the TImn pin noise filter is enabled (TNFENmn = 1): Four cycles of the operation clock (fmck)
When the TImn pin noise filter is disabled (TNFENmn = 0): Two cycles of the operation clock (fmck)

Remark 1. When the TSm register is read, 0 is always read.
Remark 2. m: Unit number (m = 0), n: Channel number (n =0 to 3)
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(7) Timer channel stop register m (TTm)
The TTm register is a trigger register that is used to stop the counting operation of each channel.
When a bit of this register is set to 1, the corresponding bit of timer channel enable status register m (TEm) is
cleared to 0. The TTmn, TTHmM1, TTHmM3 bits are immediately cleared when operation is stopped (TEmn,
TTHmM1,
TTHmM3 = 0), because they are trigger bits.
The TTm register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TTm register can be set with a 1-bit or 8-bit memory manipulation instruction with TTmL.
Reset signal generation clears this register to 0000H.

Figure 6 - 16 Format of Timer channel stop register m (TTm)

Address: FO01B4H, FO1B5H (TTO0) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TTHmM TTHmM
TTm| O 0 0 0 3 0 1 0 0 0 0 0 |TTm3|{TTm2|TTm1|TTmO
TTH . . ) _ . o
m3 Trigger to stop operation of the higher 8-bit timer when channel 3 is in the 8-bit timer mode

0 | No trigger operation

1 | Operation is stopped (stop trigger is generated).

TTH

ml Trigger to stop operation of the higher 8-bit timer when channel 1 is in the 8-bit timer mode

0 | No trigger operation

1 | Operation is stopped (stop trigger is generated).

Operation stop trigger of channel n

0 | No trigger operation

Operation is stopped (stop trigger is generated).
1 | This bit is the trigger to stop operation of the lower 8-bit timer for TTm1 and TTm3 when channel 1 or 3 is in the
8-bit timer mode.

Caution  Be sure to clear bits 15to 12, 10, 8 to 4 of the TTm register to “0".

Remark 1. When the TTm register is read, 0 is always read.
Remark 2. m: Unit number (m = 0), n: Channel number (n =0 to 3)
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(8) Timer input select register 0 (TISO)
The TISO register is used to select the channel 0 and 1 timer input.
The TISO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to OOH.

Figure 6 - 17 Format of Timer input select register 0 (TISO)

Address: FO074H After reset: 0OH R/W
Symbol 7 6 5 4 3 2 1 0
TISO 0 0 0 | TIso4 | 0 TIS02 TISOL TIS00
TIS04 Selection of timer input used with channel 0
0 Input signal of timer input pin (T100)
1 Event input signal from ELC
TIS02 TISO1 TIS00 Selection of timer input used with channel 1
0 0 0 Input signal of timer input pin (TI101)
0 0 1 Event input signal from ELC
0 1 0 Input signal of timer input pin (TI101)
0 1 1
1 0 0 Low-speed on-chip oscillator clock (fiL)
Other than above Setting prohibited

Caution 1. Input 1/fmck + 10 ns or more for the high-level and low-level widths of the timer input to be selected.
Caution 2. When selecting an event input signal from the ELC using timer input select register 0 (TISO), select
fcLk using timer clock select register 0 (TPSO).
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(9) Timer output enable register m (TOEm)

The TOEm register is used to enable or disable timer output of each channel.

Channel n for which timer output has been enabled becomes unable to rewrite the value of the TOmn bit of timer

output register m (TOm) described later by software, and the value reflecting the setting of the timer output

function through the count operation is output from the timer output pin (TOmn).

The TOEm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOEm register can be set with a 1-bit or 8-bit memory manipulation instruction with
TOEmL.
Reset signal generation clears this register to 0000H.

Figure 6 - 18 Format of Timer output enable register m (TOEm)

Address: FO1BAH, FO1BBH (TOEOQ) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOEmM|TOEm|TOEm|TOEm
TOEm| O 0 0 0 0 0 0 0 0 0 0 0
3 2 1 0
TOE
mn Timer output enable/disable of channel n
0 | Timer output is disabled.
Timer operation is not applied to the TOmn bit and the output is fixed.
Writing to the TOmn bit is enabled.
1 | Timer output is enabled.

Timer operation is applied to the TOmn bit and an output waveform is generated.
Writing to the TOmn bit is ignored.

Caution  Be sure to clear bits 15to 4 to “0”.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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(10) Timer output register m (TOm)
The TOm register is a buffer register of timer output of each channel.
The value of each bit in this register is output from the timer output pin (TOmn) of each channel.
The TOmn bit oh this register can be rewritten by software only when timer output is disabled (TOEmn = 0).
When timer output is enabled (TOEmn = 1), rewriting this register by software is ignored, and the value is
changed only by the timer operation.
To use the PO0O/TI00, P0O1/TOO00, P16/T101/TO01, P17/T102/TO02, P31/TI03/TO03 pins as a port function pin, set
the corresponding TOmn bit to “0”".
The TOm register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TOm register can be set with an 8-bit memory manipulation instruction with TOmL.
Reset signal generation clears this register to 0000H.

Figure 6 - 19 Format of Timer output register m (TOm)

Address: FO1B8H, FO1B9H (TOO) After reset; 0000H RIW

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

T0m| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 |T0m3|TOm2|TOm1|T0m0|
TOm

Timer output of channel n

0 | Timer output value is “0”.

1 | Timer output value is “1".

Caution Be sure to clear bits 15to 4 to “0”.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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(11) Timer output level register m (TOLm)

The TOLm register is a register that controls the timer output level of each channel.

The setting of the inverted output of channel n by this register is reflected at the timing of set or reset of the timer
output signal while the timer output is enabled (TOEmn = 1) in the Slave channel output mode (TOMmn = 1). In
the master channel output mode (TOMmn = 0), this register setting is invalid.
The TOLm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOLm register can be set with an 8-bit memory manipulation instruction with TOLmL.

Reset signal generation clears this register to 0000H.

Figure 6 - 20 Format of Timer output level register m (TOLm)

Address: FO1BCH, FO1BDH (TOLO) After reset: 0000H RIW
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOLm|TOLmM | TOLm
TOLm| O 0 0 0 0 0 0 0 0 0 0 0 0
3 2 1
TOL .
mn Control of timer output level of channel n
0 | Positive logic output (active-high)
1 | Negative logic output (active-low)
Caution  Be sure to clear bits 15to 4, and Oto “0".

Remark 1. If the value of this register is rewritten during timer operation, the timer output logic is inverted when the timer
output signal changes next, instead of immediately after the register value is rewritten.
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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(12) Timer output mode register m (TOMm)
The TOMm register is used to control the timer output mode of each channel.
When a channel is used for the independent channel operation function, set the corresponding bit of the channel
to be used to 0.
When a channel is used for the simultaneous channel operation function (PWM output, one-shot pulse output, or
multiple PWM output), set the corresponding bit of the master channel to 0 and the corresponding bit of the slave
channel to 1.
The setting of each channel n by this register is reflected at the timing when the timer output signal is set or reset
while the timer output is enabled (TOEmn = 1).
The TOMm register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TOMm register can be set with an 8-bit memory manipulation instruction with TOMmL.
Reset signal generation clears this register to 0000H.

Figure 6 - 21 Format of Timer output mode register m (TOMm)

Address: FO1BEH, FO1BFH (TOMO) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOMmM|TOMmM|TOMm
TOMm| O 0 0 0 0 0 0 0 0 0 0 0 0
3 2 1
TOM

mn Control of timer output mode of channel n

0 | Master channel output mode (to produce toggle output by timer interrupt request signal (INTTMmn))

Slave channel output mode (output is set by the timer interrupt request signal (INTTMmn) of the master channel,
and reset by the timer interrupt request signal (INTTMOp) of the slave channel)

Caution  Be sureto clear bits 15to 4, and O to “0”.

Remark  m: Unit number (m = 0)
n: Channel number
n=0to 3 (n=0, 2 for master channel)
p: Slave channel number
n=0,p=1,2,3
n=2,p=3
(For details of the relation between the master channel and slave channel, refer to 6.4.1 Basic rules of
simultaneous channel operation function)
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(13) Noise filter enable register 1 (NFEN1)
The NFENL1 register is used to set whether the noise filter can be used for the timer input signal to each channel.
Enable the noise filter by setting the corresponding bits to 1 on the pins in need of noise removal.
When the noise filter is ON, match detection and synchronization of the 2 clocks is performed with the
CPU/peripheral hardware clock (fmck). When the noise filter is OFF, only synchronization is performed with the
CPU/peripheral hardware clock (fuck) Note,
The NFENL register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to OOH.

Note For details, see 6.5.1 (2) When valid edge of input signal via the TImn pin is selected (CCSmn =
1) and 6.5.2 Start timing of counter.
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Figure 6 - 22 Format of Noise filter enable register 1 (NFEN1)

Address: FOO71H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
NFEN1 0 0 0 0 TNFENO3 TNFENO2 TNFENO1 TNFENOO
TNFENO3 Enable/disable using noise filter of TIO3/TO03/P31 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO2 Enable/disable using noise filter of TI02/TO02/P17 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO1 Enable/disable using noise filter of TI01/P01/P16 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENOO Enable/disable using noise filter of TIO0/P0O0 pin input signal
0 Noise filter OFF
1 Noise filter ON
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(14) Port mode registers 0, 1, 3 (PMO, PM1, PM3)
These registers set input/output of ports 0, 1, 3 in 1-bit units.

When using the ports (such as P01/TO00 and P17/TO02/TI02) to be shared with the timer output pin for timer
output, set the port mode control register (PMCxx) bit, port mode register (PMxx) bit, and port register (Pxx) bit
corresponding to each port to 0.

Example When using P17/TO02/TI02 for timer output.
Set the PM17 bit of port mode register 1 to O.
Set the P17 bit of port register 1 to 0.

When using the ports (such as P0O0/TI00 and P17/TO02/T102) to be shared with the timer output pin for timer
input, set the port mode control register (PMCxx) bit and port mode register (PMxx) bit corresponding to each
port to 1. At this time, the port register (Pxx) bit may be 0 or 1.

Example When using P17/TO02/TI02 for timer input.
Set the PM17 bit of port mode register 1 to 1.
P17 bit of port register may be 0 or 1.

The PMO, PM1, PMS registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.
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Figure 6 - 23 Format of Port mode registers 0, 1, 3 (PMO, PM1, PM3) (32-pin products)

Address: FFF20H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PMO 1 1 1 1 1 1 PMO1 PMOO
Address: FFF21H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM1 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10
Address: FFF23H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM3 1 1 1 | 1 1 | 1 | PMm3L PM30
PMmn Pmn pin I/O mode selection (m =0, 1, 3; n=0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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6.4 Basic Rules of Timer Array Unit

6.4.1 Basic rules of simultaneous channel operation function

When simultaneously using multiple channels, namely, a combination of a master channel (a reference timer mainly
counting the cycle) and slave channels (timers operating according to the master channel), the following rules apply.

(1) Only an even channel (channel 0, 2) can be set as a master channel.
(2) Any channel, except channel 0, can be set as a slave channel.
(3) The slave channel must be lower than the master channel.
Example If channel O is set as a master channel, channel 1 or those that follow (channels 1, 2, 3) can be set as
a slave channel.

(4) Two or more slave channels can be set for one master channel.
(5) When two or more master channels are to be used, slave channels with a master channel between them may
not be set.
Example If channels 0 and 2 are set as master channels, channels 1 can be set as the slave channel of master
channel 0. Channel 3 cannot be set as the slave channel of master channel 0.

(6) The operating clock for a slave channel in combination with a master channel must be the same as that of the
master channel. The CKSmn0, CKSmn1 bits (bit 15, 14 of timer mode register mn (TMRmn)) of the slave
channel that operates in combination with the master channel must be the same value as that of the master
channel.

(7) A master channel can transmit INTTMmn (interrupt), start software trigger, and count clock to the lower
channels.

(8) A slave channel can use INTTMmn (interrupt), a start software trigger, or the count clock of the master channel
as a source clock, but cannot transmit its own INTTMmn (interrupt), start software trigger, or count clock to
channels with lower channel numbers.

(9) A master channel cannot use INTTMmn (interrupt), a start software trigger, or the count clock from the other
higher master channel as a source clock.

(10) To simultaneously start channels that operate in combination, the channel start trigger bit (TSmn) of the
channels in combination must be set at the same time.

(11) During the counting operation, a TSmn bit of a master channel or TSmn bits of all channels which are operating
simultaneously can be set. It cannot be applied to TSmn bits of slave channels alone.

(12) To stop the channels in combination simultaneously, the channel stop trigger bit (TTmn) of the channels in
combination must be set at the same time.

(13) CKm2/CKm3 cannot be selected while channels are operating simultaneously, because the operating clocks of
master channels and slave channels have to be synchronized.

(14) Timer mode register m0 (TMRmO) has no master bit (it is fixed as “0"). However, as channel 0 is the highest
channel, it can be used as a master channel during simultaneous operation.

The rules of the simultaneous channel operation function are applied in a channel group (a master channel and
slave channels forming one simultaneous channel operation function).

If two or more channel groups that do not operate in combination are specified, the basic rules of the simultaneous
channel operation function in 6.4.1 Basic rules of simultaneous channel operation function do not apply to the
channel groups.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)

RO1UHO0326EJ0100 Rev. 1.00 RENESAS Page 200 of 849
Jun 20, 2012



MPD79F7027, pPD79F7028 CHAPTER 6 TIMER ARRAY UNIT

Example 1
TAUO
CKO00 r-—————"—"—"—"—"—"———-— _i
: | Channel 0: Master | | /Channel group 1
| L/ (Simultaneous channel operation
I function)
| | Channel 1: Slave | |
. )
_______________ - Channel group 2
cKot =|_ | (Simultaneous channel operation
: | Channel 2: Master | I/ function)
i |
: | Channel 3: Slave | I * The operating clock of channel group
| J' 1 may be different from that of
________________ channel group 2.
Example 2
TAUO
CKOO  mmm——m——m——m— e ———
J '
| | Channel 0: Master | I /Channel group 1
| L/ (Simultaneous channel operation
CcKO1 [ function)
I Channel 1: Independent channel | |
|| operation function :
|
|
: | Channel 2: Slave | I *A channel that operates _
| independent channel operation
o _____ 1 function may be between a master
and a slave of channel group 1.
CKoo Channel 3: Independent channel Furtht;ermo:e, the otp(Tratmg clock
operation function may be set separately
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6.4.2  Basic rules of 8-bit timer operation function (channels 1 and 3 only)

The 8-bit timer operation function makes it possible to use a 16-bit timer channel in a configuration consisting of
two 8-bit timer channels.

This function can only be used for channels 1 and 3, and there are several rules for using it.

The basic rules for this function are as follows:

(1) The 8-bit timer operation function applies only to channels 1 and 3.

(2) When using 8-bit timers, set the SPLIT bit of timer mode register mn (TMRmn) to 1.

(3) The higher 8 bits can be operated as the interval timer function.

(4) At the start of operation, the higher 8 bits output INTTMm1H/INTTMm3H (an interrupt) (which is the same
operation performed when MDmnO is set to 1).

(5) The operation clock of the higher 8 bits is selected according to the CKSmn1 and CKSmnO bits of the lower-
bit TMRmn register.

(6) For the higher 8 bits, the TSHmM1/TSHmM3 bit is manipulated to start channel operation and the
TTHmM1/TTHm3 bit is manipulated to stop channel operation. The channel status can be checked using the
TEHmM1/TEHmM3 bit.

(7) The lower 8 bits operate according to the TMRmn register settings. The following three functions support
operation of the lower 8 bits:

« Interval timer function
« External event counter function
« Delay count function

(8) For the lower 8 bits, the TSm1/TSm3 bit is manipulated to start channel operation and the TTm1/TTm3 bit is
manipulated to stop channel operation. The channel status can be checked using the TEm1/TEm3 bit.

(9) During 16-bit operation, manipulating the TSHm1, TSHm3, TTHmM1, and TTHmM3 bits is invalid. The TSm1,
TSm3, TTm1, and TTm3 bits are manipulated to operate channels 1 and 3. The TEHmM3 and TEHm1 bits
are not changed.

(10) For the 8-bit timer function, the simultaneous operation functions (one-shot pulse, PWM, and multiple PWM)
cannot be used.

Remark  m: Unit number (m = 0), n: Channel humber (n =1, 3)
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6.5 Operation Timing of Counter

6.5.1 Count clock (fTCLK)

The count clock (frcLk) of the timer array unit can be selected between following by CCSmn bit of timer mode
register mn (TMRmn).

» Operation clock (fmck) specified by the CKSmn0 and CKSmn1 bits
« Valid edge of input signal input from the TImn pin

Because the timer array unit is designed to operate in synchronization with fcLk, the timings of the count clock
(frcLk) are shown below.

(1) When operation clock (fmck) specified by the CKSmn0 and CKSmn1 bits is selected (CCSmn = 0)
The count clock (frcik) is between fcik to foik /215 by setting of timer clock select register m (TPSm). When
a divided fcik is selected, however, the clock selected in TPSmn register, but a signal which becomes high
level for one period of fcik from its rising edge. When a fcik is selected, fixed to high level.
Counting of timer count register mn (TCRmn) delayed by one period of fcLk from rising edge of the count
clock, because of synchronization with fcLk. But, this is described as “counting at rising edge of the count
clock”, as a matter of convenience.

Figure 6 - 24 Timing of fcLk and count clock (frcLk) (When CCSmn = 0)
feLk

(fewz [ L L L L L1

fcLk/4
A A A A A A
fcLk/8
A A A A
freLk fcLk/16
(= fmck= CKmn) . A 4

\

Remark 1. A : Rising edge of the count clock
A : Synchronization, increment/decrement of counter
Remark 2. fcik: CPU/peripheral hardware clock
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(2) When valid edge of input signal via the TImn pin is selected (CCSmn = 1)
The count clock (frcLk) becomes the signal that detects valid edge of input signal via the TImn pin and
synchronizes next rising fMck. The count clock (frcLk) is delayed for 1 to 2 period of fmck from the input
signal via the TImn pin (when a noise filter is used, the delay becomes 3 to 4 clock).
Counting of timer count register mn (TCRmn) delayed by one period of fcLk from rising edge of the count
clock, because of synchronization with fcLk. But, this is described as “counting at valid edge of input signal
via the TImn pin”, as a matter of convenience.

Figure 6 - 25 Timing of fcLk and count clock (frcLk) (When CCSmn = 1, noise filter unused)

fuck | [ [ |_|_() ()( [ [
TSmn (Write) [\,

<1> i

TEmn

TImn input N

Y

Sampling wave

]

Edge detection

(
)

Rising edge detection
signal (frcLk)

<1> Setting TSmn bit to 1 enables the timer to be started and to become wait state for valid edge of input signal via the TImn pin.
<2> The rise of input signal via the TImn pin is sampled by fmck.
<3> The edge is detected by the rising of the sampled signal and the detection signal (count clock) is output.

Remark 1. A : Rising edge of the count clock
A : Synchronization, increment/decrement of counter

Remark 2. fcLk: CPU/peripheral hardware clock
fmck: Operation clock of channel n

Remark 3. The waveform of the input signal via TImn pin of the input pulse interval measurement, the measurement of high/low
width of input signal, and the delay counter, and the one-shot pulse output are the same as that shown in Figure 6 - 25.
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6.5.2  Start timing of counter
Timer count register mn (TCRmn) becomes enabled to operation by setting of TSmn bit of timer channel start
register m (TSm).
Operations from count operation enabled state to timer count Register mn (TCRmn) count start is shown in Table
6-6.

Table 6 - 6 Operations from Count Operation Enabled State to Timer count Register mn (TCRmn) Count Start

Timer operation mode Operation when TSmn = 1 is set

« Interval timer mode No operation is carried out from start trigger detection (TSmn=1) until count clock
generation.

The first count clock loads the value of the TDRmn register to the TCRmn register and the
subsequent count clock performs count down operation (see 6.5.2 (a) Start timing in
interval timer mode).

» Event counter mode Writing 1 to the TSmn bit loads the value of the TDRmn register to the TCRmn register.
The subsequent count clock performs count down operation.

The external trigger detection selected by the STSmn2 to STSmnO bits in the TMRmn
register does not start count operation (see 6.5.2 (b) Start timing in event counter
mode).

« Capture mode No operation is carried out from start trigger detection until count clock generation.
The first count clock loads 0000H to the TCRmn register and the subsequent count clock
performs count up operation (see 6.5.2 (c) Start timing in capture mode).

* One-count mode The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the timer is
stopped (TEmn = 0).

No operation is carried out from start trigger detection until count clock generation.

The first count clock loads the value of the TDRmn register to the TCRmn register and the
subsequent count clock performs count down operation (see 6.5.2 (d) Start timing in one-
count mode).

« Capture & one-count mode The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the timer is
stopped (TEmn = 0).

No operation is carried out from start trigger detection until count clock generation.

The first count clock loads 0000H to the TCRmn register and the subsequent count clock
performs count up operation (see 6.5.2 (e) Start timing in capture & one-count mode
(when high-level width is measured)).
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(@)

Start timing in interval timer mode

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit. Timer count register mn (TCRmn)

holds the initial value until count clock generation.

<2> A start trigger is generated at the first count clock after operation is enabled.
<3> When the MDmnO bit is set to 1, INTTMmn is generated by the start trigger.
<4> By the first count clock after the operation enable, the value of timer data register mn (TDRmn) is

loaded to the TCRmn register and counting starts in the interval timer mode.

<5> When the TCRmn register counts down and its count value is 0000H, INTTMmn is generated and the
value of timer data register mn (TDRmn) is loaded to the TCRmn register and counting keeps on.

Figure 6 - 26 Start Timing (In Interval Timer Mode)

fmek
ooy L—A—TL I G T T Tl
] 1 1 1 ] 1
] 1 1 1 ] 1
] 1 ] 1 ] 1
TSmn (Write) [\ ] i | | ] i
i i i i i i
] 1 1 1 ] 1
<> E\ : ! : : :
TEmn
— o : : : : :
1 1 1 ] 1
1 ] ] ] ]
1 1 1 ] 1
1 ] ] ] ]
1 1 1 ] 1
1 ] ] ] 1
1 1 1 ] 1
Start trigger H i : | i
detection signal H H H H H
] 1 1 1 ] 1
] 1 ] ] ] ]
i ] i i i i
TCRmnN Initial value[ X" m X 'm-1 -t - 0001 0000 m
' : : ! '
H H : : H H
TDRmn <3> [ <4> 1 m ! ! Jid

INTTMmn ¢

<5>

L <"

When MDmnO = 1 setting

Remark

Caution

fmck, the start trigger detection signal, and INTTMmn become active between one clock in synchronization with fcLk.

In the first cycle operation of count clock after writing the TSmn bit, an error at a maximum of one clock is

generated since count start delays until count clock has been generated. When the information on count start
timing is necessary, an interrupt can be generated at count start by setting MDmnO = 1.

RO1UHO0326EJ0100 Rev. 1.00
Jun 20, 2012

RENESAS

Page 206 of 849



MPD79F7027, pPD79F7028 CHAPTER 6 TIMER ARRAY UNIT

(b) Start timing in event counter mode
<1> Timer count register mn (TCRmn) holds its initial value while operation is stopped (TEmn = 0).
<2> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.
<3> As soon as 1 has been written to the TSmn bit and 1 has been set to the TEmn bit, the value of timer
data register mn (TDRmn) is loaded to the TCRmn register to start counting.
<4> After that, the TCRmn register value is counted down according to the count clock of the valid edge of
the TImn input.

Figure 6 - 27 Start Timing (In Event Counter Mode)

]

fuck | [ [ |_|_() ()() [ [
TSmn (Write) [\

<1> i
TEmn I <>

TImn input

Edge detection

(
) .
Edge detection
Count clock ((
| )
Start trigger <4>|
detection signal

1
i i
<1> ] <3> !
1
TCRmN Initial valueX} m * m-1

<3>

O S
3
N

TDRmnN 4 m

Remark  The timing is shown in Figure 6 - 26 indicates while the noise filter is not used. By making the noise filter on-state, the
edge detection becomes 2 fmck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TImn input.
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(c) Start timing in capture mode

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.

<2> Timer count register mn (TCRmn) holds the initial value until count clock generation.

<3> A start trigger is generated at the first count clock after operation is enabled. And the value of 0000H
is loaded to the TCRmn register and counting starts in the capture mode. (When the MDmnO bit is
setto 1, INTTMmn is generated by the start trigger.)

<4> On detection of the valid edge of the TImn input, the value of the TCRmn register is captured to timer
data register mn (TDRmn) and INTTMmn is generated. However, this capture value is ho meaning.
The TCRmn register keeps on counting from 0000H.

<5> On next detection of the valid edge of the TImn input, the value of the TCRmn register is captured to
timer data register mn (TDRmn) and INTTMmn is generated.

Figure 6 - 28 Start Timing (In Capture Mode)
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TSmn (Write) .I\ i i i i i
<1> ) :/ ! : | :
TEmn : i i i i
TImn input = i i ()() E i E
iEdge detec:tion E ()_‘—I)mge detecfion

]
Rising edge H (
\ : )) <5> :
Start trigger : :
detection signal |

e

A
N
v
Sagq---==s

T

]
]
1
]
]
]
]
]
1
]
]
]
)
TCRmn _nitial value X" 0000 X 0001 [
]

T
<2> <3> /
1 ]
: X_0000 )I(jix m_[X_0000
) ]
: |
TDRmn X 0001 X m
: |
P 1
7
INTTMmn ‘ 3
When MDmn0 = 1 “sao-”’

setting

Remark  The timing is shown in Figure 6 - 27 indicates while the noise filter is not used. By making the noise filter on-state, the
edge detection becomes 2 fmck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TImn input.
Since the start of the count and the timing of TIm input are asynchronous, the first capture value (<4> in Figure 6 - 26)
has absolutely no connection with the pulse interval. Therefore, ignore the first capture value.

Caution In the first cycle operation of count clock after writing the TSmn bit, an error at a maximum of one clock is
generated since count start delays until count clock has been generated. When the information on count start
timing is necessary, an interrupt can be generated at count start by setting MDmnO = 1.
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(d) Start timing in one-count mode

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.

<2> Timer count register mn (TCRmn) holds the initial value until start trigger generation.

<3> Rising edge of the TImn input is detected.

<4> On start trigger detection, the value of timer data register mn (TDRmn) is loaded to the TCRmn
register and count starts.

<5> When the TCRmn register counts down and its count value is 0000H, INTTMmn is generated and the
value of the TCRmn register becomes FFFFH and counting stops.

Figure 6 - 29 Start Timing (In One-count Mode)

Start trigger input wait
status

fmck
(frewk) ] [ [ [ (( _| I |_! |_!
] 1 1 ]
i | i i
TSmn (Write) A 1 i ! !
r T T T T
R
TE T T T T
" — I
| ; o : :
TImn input | <3> E )) i| i E
! Edge detection ! ! ! !
] ] I ] ]
Rising edge E (O ! 1
H ] | ]
. : <4>:2 ! ) ! !
Start trigger 1 ' H H H
detection signal : 'L ! ! !
] ] 1 ]
| <2> :2 ! ! <5
1 _ H | 1 1
TCRmn ! Initial value X m th}l( 1 X 0 FFFF
] ]
! :
INTTMmn i M
0
]
]
]
]

Remark  The timing is shown in Figure 6 - 28 indicates while the noise filter is not used. By making the noise filter on-state, the
edge detection becomes 2 fumck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TImn input. The error
per one period occurs be the asynchronous between the period of the TImn input and that of the count clock (fvck).
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(e) Start timing in capture & one-count mode (when high-level width is measured)
<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit of timer channel start register m (TSm).
<2> Timer count register mn (TCRmn) holds the initial value until start trigger generation.
<3> Rising edge of the TImn input is detected.
<4> On start trigger detection, the value of 0000H is loaded to the TCRmn register and count starts.
<5> On detection of the falling edge of the TImn input, the value of the TCRmn register is captured to
timer data register mn (TDRmn) and INTTMmn is generated.

Figure 6 - 30 Start Timing (In Capture & One-count Mode)

fmck

(frewk) ] [ [ [ |_!_()()_|_! |_! [
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<1> )

TEmn

]
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]
1
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1
]
1
T
1
]
]
]
1
1
i
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]
]
1
]
1
]
]
]
]
]
]
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-->< -x‘tjj--'
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""""""x‘(:
3
]
3
=
><
3

<2>

TCRmn Initial value 0000

TDRmn

’j

INTTMmn

Remark  The timing is shown in Figure 6 - 29 indicates while the noise filter is not used. By making the noise filter on-state, the
edge detection becomes 2 fmck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TImn input.
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6.6 Channel Output (TOmn pin) Control

6.6.1 TOmnN pin output circuit configuration

Figure 6 - 31 Output Circuit Configuration

<5>
TOmMN register
Interrupt signal of the master channel
(INTTMmR) o 5 } ol
o —
IS _
Interrupt signal of the slave channel » 8 ol — TOmn pin
(INTTMmp) - Reset/toggle
<1>
<2> <3>
<4>
TOLmMN
TOEmn TOmnN write signal

The following describes the TOmn pin output circuit.

<1> When TOMmn = 0 (master channel output mode), the set value of timer output level register m
(TOLm) is ignored and only INTTMOp (slave channel timer interrupt) is transmitted to timer output
register m (TOm).

<2> When TOMmn = 1 (slave channel output mode), both INTTMmn (master channel timer interrupt) and
INTTMOp (slave channel timer interrupt) are transmitted to the TOm register.

At this time, the TOLm register becomes valid and the signals are controlled as follows:

When TOLmn = 0: Forward operation (INTTMmn — set, INTTMOp — reset)
When TOLmn = 1: Reverse operation (INTTMmn — reset, INTTMOp — set)

When INTTMmn and INTTMOp are simultaneously generated, (0% output of PWM), INTTMOp (reset
signal) takes priority, and INTTMmn (set signal) is masked.

<3> While timer output is enabled (TOEmn = 1), INTTMmn (master channel timer interrupt) and INTTMOp
(slave channel timer interrupt) are transmitted to the TOm register. Writing to the TOm register
(TOmn write signal) becomes invalid.
When TOEmn = 1, the TOmn pin output never changes with signals other than interrupt signals.
To initialize the TOmn pin output level, it is necessary to set timer operation is stopped (TOEmn = 0)
and to write a value to the TOm register.

<4> While timer output is disabled (TOEmn = 0), writing to the TOmn bit to the target channel (TOmn write
signal) becomes valid. When timer output is disabled (TOEmn = 0), neither INTTMmn (master
channel timer interrupt) nor INTTMOp (slave channel timer interrupt) is transmitted to the TOm

register.
<5> The TOm register can always be read, and the TOmn pin output level can be checked.

Remark  m: Unit number (m = 0)
n: Channel number
n=0to 3 (n =0, 2 for master channel)
p: Slave channel number

n=0:p=1,2,3
n=2:p=3
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6.6.2  TOmn Pin Output Setting

The following figure shows the procedure and status transition of the TOmn output pin from initial setting to timer
operation start.

Figure 6 - 32 Status Transition from Timer Output Setting to Operation Start

TCRmnN Undefined value (FFFFH after reset) ‘ ’\

(Counter)

Timer alternate-function pipn - - - - ————————————

Timer output signal g
TOmMn

TOEmMn \

H
<Write operation enabled period to TOmn x Write operation disabled period to TOmn >
] 1 T
] 1 ]
AN A A AN
<1> Set TOMmn <2>Set TOmn <3>Set TOEmn <4> Setthe port <5>Timer operation start
Set TOLmn to output

mode

<1> The operation mode of timer output is set.

« TOMmn bit (0: Master channel output mode, 1: Slave channel output mode)
« TOLmn bit (0: Positive logic output, 1: Negative logic output)

<2> The timer output signal is set to the initial status by setting timer output register m (TOm).

<3> The timer output operation is enabled by writing 1 to the TOEmn bit (writing to the TOm register is
disabled).

<4> The port I/O setting is set to output (see 6.3 (14) Port mode registers 0, 1, 3 (PMO, PM1, PM3)).

<5> The timer operation is enabled (TSmn = 1).

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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6.6.3  Cautions on Channel Output Operation

(1) Changing values set in the registers TOm, TOEm, TOLm, and TOMm during timer operation

Since the timer operations (operations of timer count register mn (TCRmn) and timer data register mn
(TDRmnN)) are independent of the TOmn output circuit and changing the values set in timer output register m
(TOm), timer output enable register m (TOEm), timer output level register m (TOLm), and timer output mode
register m (TOMm) does not affect the timer operation, the values can be changed during timer operation.
To output an expected waveform from the TOmn pin by timer operation, however, set the TOm, TOEm,
TOLm, and TOMm registers to the values stated in the register setting example of each operation shown by
6.7 and 6.8.

When the values set to the TOEm, TOLm, and TOMm registers (but not the TOm register) are changed
close to the occurrence of the timer interrupt (INTTMmn) of each channel, the waveform output to the TOmn
pin might differ, depending on whether the values are changed immediately before or immediately after the
timer interrupt (INTTMmn) occurs.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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(2) Default level of TOmn pin and output level after timer operation start
The change in the output level of the TOmn pin when timer output register m (TOm) is written while timer
output is disabled (TOEmn = 0), the initial level is changed, and then timer output is enabled (TOEmn = 1)
before port output is enabled, is shown below.

(&) When operation starts with master channel output mode (TOMmn = 0) setting
The setting of timer output level register m (TOLm) is invalid when master channel output mode
(TOMmn = 0). When the timer operation starts after setting the default level, the toggle signal is
generated and the output level of the TOmn pin is reversed.

Figure 6 - 33 TOmn Pin Output Status at Toggle Output (TOMmn = 0)

TOEmn

Hi-z i Initial . 3
(-2 TOmN bit= 0
status (Initial status: low)
\ TOLmn bit=0
(Active high)
TOmn bit=1
- (Initial status: high) J
TOmn <
Output I
(Outpu) _ TOmnbit=0
(Initial status: low)
\ TOLmn bit=1
(Active low)
o TOmn bit =1
| (Initial status: high) )
\ A —
Port output is enabled
A A A A A Bold line: active level
Toggle Toggle Toggle Toggle Toggle
Remark 1. Toggle: Reverse TOmn pin output status
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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(b) When operation starts with slave channel output mode (TOMmn = 1) setting (PWM output))
When slave channel output mode (TOMmn = 1), the active level is determined by timer output level
register m (TOLm) setting.

Figure 6 - 34 TOmn Pin Output Status at PWM Output (TOMmn = 1)

TOEmMnN

. Active Active Active
( Hi-zy Initial TOmp bit= 0
| status (Initial status: low) .
TOLmp bit=0

TOmp bit=1 (Active high)

(Initial status: high)

7/
TOmp
(Output)

TOmp bit= 0

(Initial status: low) .

TOLmp bit=1
) (Active low)

TOmp bit=1

(Initial status: high)

\ A 7
Port output is enabled
A A
A Reset A Reset A
Set Set Set
Remark 1. Set: The output signal of the TOmn pin changes from inactive level to active level.
Reset: The output signal of the TOmn pin changes from active level to inactive level.
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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(3) Operation of TOMn pin in slave channel output mode (TOMmn = 1)
(&) When timer output level register m (TOLm) setting has been changed during timer operation

When the TOLm register setting has been changed during timer operation, the setting becomes valid
at the generation timing of the TOmn pin change condition. Rewriting the TOLm register does not

change the output level of the TOmn pin.
The operation when TOMmn is set to 1 and the value of the TOLm register is changed while the timer

is operating (TEmn = 1) is shown below.

Figure 6 - 35 Operation when TOLm Register Has Been Changed during Timer Operation

Output set signal
(Internal signal)

[ [
Output reset signal (\ } (\

- -~

—
==~

(Internal signal)

Y

otmn T ~ f ) >
AT

» | L

TOmnN pin /\/

TOmn does not change  Set/reset signals are inverted

The output signal of the TOmn pin changes from inactive level to active level.

Remark 1. Set:
The output signal of the TOmn pin changes from active level to inactive level.

Reset:
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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(b)

Set/reset timing

To realize 0%/100% output at PWM output, the TOmn pin/TOmMn bit set timing at master channel timer
interrupt (INTTMmn) generation is delayed by 1 count clock by the slave channel.

If the set condition and reset condition are generated at the same time, a higher priority is given to the
latter.

Figure 6 - 36 shows the set/reset operating statuses where the master/slave channels are set as follows.

Master channel: TOEmn =1, TOMmn =0, TOLmn =0
Slave channel: TOEmp =1, TOMmp =1, TOLmp =0
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Figure 6 - 36 Set/Reset Timing Operating Statuses

(1) Basic operation timing
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channel signal _rIN\

]
TOmnN pin/TOmMn F
Toggle

—~ Internal reset
signal

1\
1 clock delay
INTTMmp i

1

]

i

Internal reset !
signal :

]

] 1
\_ TOmp pin/TOmp r i

Slave
channel

(2) Operation timing when 0% duty

frewk

]
]
]
INTTMmn | |

Internal reset 1

signal f
i)

TOmnN pin/TOmMn r‘

Toggle

Master
channel

—

Toggle

/ Internal reset
signal

i
e

L\
1 clock delay

TCRmp ooo]?\ ......................... 0001\

] 1
] 1
] 1
Slave INTTMmp N N
1
] 1
Internal reset signal i I
i
]
]
(]

channel 1 1
/ Set
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Remark 1. Internal reset signal: TOmn pin reset/toggle signal
Internal set signal: TOmn pin set signal
Remark 2. m: Unit number (m = 0)
n: Channel number
n=0to 3 (n=0, 2 for master channel)
p: Slave channel number

n=0:p=1,2,3
n=2:p=3
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6.6.4  Collective manipulation of TOmn bit

In timer output register m (TOm), the setting bits for all the channels are located in one register in the same way
as timer channel start register m (TSm). Therefore, the TOmn bit of all the channels can be manipulated
collectively.

Only the desired bits can also be manipulated by enabling writing only to the TOmn bits (TOEmn = 0) that
correspond to the relevant bits of the channel used to perform output (TOmn).

Figure 6 - 37 Example of TOOn Bit Collective Manipulation

Before writing

TOO03 | TO02 | TOO1 | TOOO
TOO| O 0 0 0 0 0 0 0 0 0 0 0

TOEO3|TOE02| TOEO1|TOEOO
0 0 0 1

TOEO| O 0 0 0 0 0 0 0 0 0 0 0

Data to be written
|oJofofJoJoJofofJoJoJofJo

[oJo 11 ]1]
After writing % % % %

TOO03 | TO02 | TOO1 | TOOO
0 1 1 0

TOO| O 0 0 0 0 0 0 0 0 0 0 0

Writing is done only to the TOmn bit with TOEmn = 0, and writing to the TOmn bit with TOEmn = 1 is ignored.
TOmn (channel output) to which TOEmn = 1 is set is not affected by the write operation. Even if the write
operation is done to the TOmn bit, it is ignored and the output change by timer operation is normally done.

Caution  While timer output is enabled (TOEmn = 1), even if the output by timer interrupt of each timer
(INTTMmn) contends with writing to the TOmn bit, output is normally done to the TOmn pin.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)

Figure 6 - 38 TOONn Pin Statuses by Collective Manipulation of TOOn Bit

Two or more TOON output can
be changed simultaneously

Output does not change
. . when value does not
! ! change
TOO03 : 7T
1 Ty
TO02 i \J Writing to the TOON bit is
; il / ignored when TOEON
TOO1 | i ‘~?/ =1
1 1
TOO00 i ‘,'E\’
1 At
A A
Before writing Writing to the TOON bit

(Caution and Remark are given on the next page.)
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Caution  While timer output is enabled (TOEmn = 1), even if the output by timer interrupt of each timer (INTTMmn)
contends with writing to the TOmn bit, output is normally done to the TOmn pin.

Remark  m: Unit number (m =0, 1), n: Channel number (n=0to 7)

6.6.5  Timer Interrupt and TOmn Pin Output at Operation Start

In the interval timer mode or capture mode, the MDmnO bit in timer mode register mn (TMRmn) sets whether or
not to generate a timer interrupt at count start.

When MDmnO is set to 1, the count operation start timing can be known by the timer interrupt (INTTMmn)
generation.

In the other modes, neither timer interrupt at count operation start nor TOmn output is controlled.

Figure 6 - 39 shows operation examples when the interval timer mode (TOEmn = 1, TOMmn = 0) is set.

Figure 6 - 39 Operation examples of timer interrupt at count operation start and TOmn output

(&) When MDmnO is set to 1

TCRmMnN \\\\\\\\‘\\\\\\\\\\\\\‘\\\\\\\\‘\\\\\\\\\\\\J\\\\\\\\\\\

TEmn
'I,’I\\\‘
INTTMmn / [ \ [ [
] 1
] ]
TOmnN |'| I:'I |

~

.
(RN R S —
~

\

AN
Count operation start

When MDmnO is set to 1, a timer interrupt (INTTMmn) is output at count operation start, and TOmn performs a
toggle operation.

(b) When MDmnOQ is setto O

TCRmnN
1
TEmn |
1 7N
1 / \
INTTMmn ; CT M
! | |
! \ i
TOmn ! | /'
i
1
1

AN
Count operation start

When MDmnO is set to 0, a timer interrupt (INTTMmn) is not output at count operation start, and TOmn does not
change either. After counting one cycle, INTTMmn is output and TOmn performs a toggle operation.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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6.7 Independent Channel Operation Function of Timer Array Unit

6.7.1 Operation as interval timer/square wave output

(1) Interval timer
The timer array unit can be used as a reference timer that generates INTTMmn (timer interrupt) at fixed
intervals.
The interrupt generation period can be calculated by the following expression.

Generation period of INTTMmn (timer interrupt) = Period of count clock x (Set value of TDRmn + 1)

(2) Operation as square wave output
TOmn performs a toggle operation as soon as INTTMmn has been generated, and outputs a square wave
with a duty factor of 50%.
The period and frequency for outputting a square wave from TOmn can be calculated by the following
expressions.

« Period of square wave output from TOmn = Period of count clock x (Set value of TDRmn + 1) x 2 |

» Frequency of square wave output from TOmn = Frequency of count clock/{(Set value of TDRmn + 1) x 2} |

Timer count register mn (TCRmn) operates as a down counter in the interval timer mode.

The TCRmn register loads the value of timer data register mn (TDRmn) at the first count clock after the
channel start trigger bit (TSmn, TSHm1, TSHm3) of timer channel start register m (TSm) is set to 1. If the
MDmnO bit of timer mode register mn (TMRmn) is 0 at this time, INTTMmn is not output and TOmn is not
toggled. If the MDmnO bit of the TMRmn register is 1, INTTMmn is output and TOmn is toggled.

After that, the TCRmn register count down in synchronization with the count clock.

When TCRmn = 0000H, INTTMmn is output and TOmn is toggled at the next count clock. At the same time,
the TCRmn register loads the value of the TDRmn register again. After that, the same operation is
repeated.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid from
the next period.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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Figure 6 - 40 Block Diagram of Operation as Interval Timer/Square Wave Output

Operation clock N {

CKml —————

CKm0 ———

Trigger selection| [Clock selection

Timer counter

register mn (TCRmn)

A

Output
controller

—© TOmn pin

A

| Y
Timer data _| Interrupt
TSmn > register mn (TDRmn) | controller
Note When channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Interrupt signal
(INTTMmn)

Figure 6 - 41 Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDmMnO = 1)

TSmn

TEmn

TCRmn

TDRmn

TOmn
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Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
Remark 2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)

TCRmn: Timer count register mn (TCRmn)

TDRmn: Timer data register mn (TDRmn)
TOmn: TOmMmn pin output signal
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Figure 6 - 42 Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/2)

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CKSmn1 [ CKSmn0 CCSmn |M/S Note|STSmn2[STSmn1|STSmnO| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 1/0 0 0 0/1 0 0 0 0 0 0 0 0 0 0 1/0

L] L] L]

Operation mode of
channel n
000B: Interval timer

TMRmMn

Setting of operation when counting is started
0: Neither generates INTTMmn nor inverts
timer output when counting is started.
1: Generates INTTMmn and inverts timer
output when counting is started.

Selection of TImn pin input edge
00B: Sets 00B because these are not used.

Start trigger selection
000B: Selects only software start.

Setting of MASTERmMN or SPLITmn bit
0: Independent channel operation function.
(This is set to 1 when using channels 1 and 3 (TMRm1 and TMRm3) in the 8-bit timer mode.)

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected using channels 1 and 3 in the 8-bit timer mode).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected using channels 1 and 3 in the 8-bit timer mode).

(b) Timer output register m (TOm)

Bitn
TOmn 0: Outputs 0 from TOmn.
TOm 1/0 1: Outputs 1 from TOmn.

(c) Timer output enable register m (TOEm)

Bitn
TOEmn 0: Stops the TOmn output operation by counting operation.
TOEm 1/0 1: Enables the TOmn output operation by counting operation.
Note TMRmM2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO: Fixed to O

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6 - 43 Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (2/2)

(d) Timer output level register m (TOLm)

Bitn
TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode)
TOLm
0
(e) Timer output mode register m (TOMm)
Bitn
TOMmn 0: Sets master channel output mode.
TOMm
0
Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6 - 44 Operation Procedure of Interval Timer/Square Wave Output Function (1/2)

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register
setting is disabled.)
Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1. Power-on status
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1 (or
CKm2 and CKm3 when using the 8-bit timer mode).
Channel | Sets timer mode register mn (TMRmn) (determines Channel stops operating.
defaut | operation mode of channel). (Clock is supplied and some power is consumed.)
seting | Sets interval (period) value to timer data register mn
(TDRmn).
To use the TOmn output The TOmn pin goes into Hi-Z output state.
Clears the TOMmn bit of timer output mode register m
(TOMm) to 0 (master channel output mode).
Clears the TOLmn bit to 0.
Sets the TOmn bit and determines default level of the
TOmnN output. » The TOmn default setting level is output when the port
mode register is in the output mode and the port register
is 0.
Sets the TOEmn bit to 1 and enables operation of
TOmn. » TOmn does not change because channel stops
operating.
Clears the port register and port mode register to 0. -% The TOmn pin outputs the TOmn set level.
Operation | (Sets the TOEmn bit to 1 only if using TOmn output and
start resuming operation.).
Sets the TSmn (TSHmM1, TSHmM3) bit to 1. ——— & TEmn (TEHmM1, TEHmM3) = 1, and count operation
The TSmn (TSHm1, TSHmM3) bit automatically returns | starts.
to 0 because it is a trigger bit. Value of the TDRmn register is loaded to timer count
register mn (TCRmn) at the count clock input.
INTTMmn is generated and TOmn performs toggle
operation if the MDmnO bit of the TMRmn register is
1.
During Set values of the TMRmn register, TOMmn, and TOLmn | Counter (TCRmn) counts down. When count value
operation | bits cannot be changed. reaches 0000H, the value of the TDRmn register is
Set value of the TDRmn register can be changed. loaded to the TCRmn register again and the count
The TCRmn register can always be read. operation is continued. By detecting TCRmn = 0000H,
The TSRmn register is not used. INTTMmn is generated and TOmn performs toggle
Set values of the TOm and TOEm registers can be operation.
changed. After that, the above operation is repeated.
Operation | The TTmn (TTHmM1, TTHmM3) bit is set to 1. —— » TEmn (TEHmM1, TEHmM3), and count operation stops.
stop The TTmn (TTHm1, TTHM3) bit automatically returns The TCRmn register holds count value and stops.

to 0 because it is a trigger bit.

The TOmn output is not initialized but holds current
status.

The TOEmn bit is cleared to 0 and value is set to the —» The TOmn pin outputs the TOmn bit set level.

TOmnN bit.

(Remark is listed on the next page.)
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Figure 6 - 45 Operation Procedure of Interval Timer/Square Wave Output Function (2/2)

Software Operation Hardware Status

TAU To hold the TOmn pin output level
stop Clears the TOmn bit to 0 after the value to
be held is set to the port register. ——— 3 The TOmn pin output level is held by port function.
When holding the TOmn pin output level is not
necessary
Setting not required.

The TAUMEN bit of the PERO register is cleared to 0. — Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOmn bit is cleared to 0 and the TOmn pin is set
to port mode.)

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.7.2  Operation as external event counter

The timer array unit can be used as an external event counter that counts the number of times the valid input
edge (external event) is detected in the TImn pin. When a specified count value is reached, the event counter
generates an interrupt. The specified number of counts can be calculated by the following expression.

Specified number of counts = Set value of TDRmn + 1

Timer count register mn (TCRmn) operates as a down counter in the event counter mode.

The TCRmn register loads the value of timer data register mn (TDRmn) by setting any channel start trigger bit
(TSmn, TSHmM1, TSHmM3) of timer channel start register m (TSm) to 1.

The TCRmn register counts down each time the valid input edge of the TImn pin has been detected. When
TCRmn = 0000H, the TCRmn register loads the value of the TDRmn register again, and outputs INTTMmn.
After that, the above operation is repeated.

An irregular waveform that depends on external events is output from the TOmn pin. Stop the output by setting
the TOEmn bit of timer output enable register m (TOEm) to 0.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid during
the next count period.

Figure 6 - 46 Block Diagram of Operation as External Event Counter

c
i)
8

. Edge <

Timn pin @ —»| 9e 8 > Timer counter
detection o — .
S register mn (TCRmn)
3 /T
c >
i)
8
© Timer data Interrupt Interrupt signal
TSMN———» . | -

g register mn (TDRmn) controller (INTTMmn)
3
=

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6 - 47 Example of Basic Timing of Operation as External Event Counter

TSmn

TEmn

0000H 0 0 0
TDRmn 0003H X 0002H
INTTMmn

Y
4

-t » -t -
-t .

4 events 4 events 3 events

Remark 1. m: Unit number (m = 0), n: Channel number (n =0 to 3)
Remark 2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
Timn:  TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
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Figure 6 - 48 Example of Set Contents of Registers in External Event Counter Mode (1/2)

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRMN CKSmn1 | CKSmn0 CCSmn |\W/S Note| STSmn2 | STSmn | STSmn0 | CISmn1 | CISmn0 MDmn3 |MDmn2|{MDmn1|MDmn0
1/0 1/0 0 1 0/1 0 0 0 1/0 1/0 0 0 0 1 1 0

L]

Count clock selection

Operation mode of channel n
011B Event count mode

Setting of operation when counting is started
0: Neither generates INTTMmn nor inverts
timer output when counting is started.

Selection of TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

Start trigger selection

000B: Selects only software start.

1: Selects the TImn pin input valid edge.

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected using channels 1 and 3 in the 8-bit timer mode).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected using channels 1 and 3 in the 8-bit timer mode).

(b) Timer output register m (TOm)

Bitn
TOmn
0

TOm

0:

Outputs 0 from TOmn

(c) Timer output enable register m (TOEm)

Bitn
TOEmN
0

TOEm

Note

Remark

Setting of MASTERmMN or SPLITmn bit
0: Independent channel operation function.
(This is set to 1 when using channels 1 and 3 (TMRm1 and TMRm3) in the 8-bit timer mode.)

0: Stops the TOmn output operation by counting operation.

TMRmM2: MASTERmMN bit

TMRm1, TMRm3 SPLITmn bit
TMRmMO: Fixed to 0

m: Unit number (m = 0), n: Channel number (n =0 to 3)
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Figure 6 - 49 Example of Set Contents of Registers in External Event Counter Mode (2/2)

(d) Timer output level register m (TOLm)

Bitn

TOLm

TOLmn
0

0: Cleared to 0 when TOMmn = 0 (master channel output mode).

(e) Timer output mode register m (TOMm)

Bitn
TOMmn 0: Sets master channel output mode.
TOMm 0
Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6 - 50 Operation Procedure When External Event Counter Function Is Used

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register
setting is disabled.)
Sets the TAUMEN bit of peripheral enable registero | |
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1 (or
CKm2 and CKm3 when using the 8-bit timer mode).

Channel | Sets timer mode register mn (TMRmn) (determines Channel stops operating.
defaut | operation mode of channel). (Clock is supplied and some power is consumed.)
setting Sets number of counts to timer data register mn
(TDRmn).
Clears the TOEmn bit of timer output enable register m
(TOEm) to 0.
— Operation | Sets the TSmn bit to 1. » TEmn = 1, and count operation starts.
start The TSmn bit automatically returns to 0 because it is Value of the TDRmn register is loaded to timer count
a trigger bit. register mn (TCRmn) and detection of the TImn pin
input edge is awaited.
'g During | Set value of the TDRmn register can be changed. Counter (TCRmn) counts down each time input edge of
g operation | The TCRmn register can always be read. the TImn pin has been detected. When count value
%_ The TSRmn register is not used. reaches 0000H, the value of the TDRmn register is
g Set values of the TMRmn register, TOMmn, TOLmn, loaded to the TCRmn register again, and the count
2 TOmn, and TOEmn bits cannot be changed. operation is continued. By detecting TCRmn = 0000H,
g the INTTMmn output is generated.
’ After that, the above operation is repeated.
Operation | The TTmn bit is set to 1. » TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to 0 because it is The TCRmn register holds count value and stops.
L a trigger bit.

TAU The TAUMEN bit of the PERO register is cleared to 0. —% Power-off status
stop All circuits are initialized and SFR of each channel is

also initialized.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.7.3  Operation as frequency divider (channel 0 of unit 0 only)

The timer array unit can be used as a frequency divider that divides a clock input to the TIOO0 pin and outputs the
result from the TOOO pin.
The divided clock frequency output from TOOO can be calculated by the following expression.

* When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDROO + 1) x 2}
* When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDROO + 1)

Timer count register 00 (TCRO00) operates as a down counter in the interval timer mode.

After the channel start trigger bit (TS00) of timer channel start register 0 (TSO) is set to 1, the TCROO register
loads the value of timer data register 00 (TDR0O0) when the TI00 valid edge is detected.

If the MDOOO bit of timer mode register 00 (TMROO) is 0 at this time, INTTMOO is not output and TOOO is not
toggled. If the MDO0OO bit of timer mode register 00 (TMROO) is 1, INTTMOO is output and TOOO is toggled.

After that, the TCROO register counts down at the valid edge of the TIOO pin. When TCR0OO = 0000H, it toggles
TOO0O0. At the same time, the TCROO register loads the value of the TDROO register again, and continues
counting.

If detection of both the edges of the TI0O0 pin is selected, the duty factor error of the input clock affects the divided
clock period of the TO0O output.

The period of the TO00 output clock includes a sampling error of one period of the operation clock.

Clock period of TO00 output = Ideal TO00 output clock period + Operation clock period (error)

The TDROO register can be rewritten at any time. The new value of the TDROO register becomes valid during the
next count period.

Figure 6 - 51 Block Diagram of Operation as Frequency Divider

c
o
g

. Edge <

TI00 pin ©—» ) » O > Timer counter Output )
detection @ > —» T
§ —» register 00 (TCROO) controller © TO00 pin
O 7
c >
K]
8
| @ Timer data
TS00 > 2 register 00 (TDROO)
S
2
=
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Figure 6 - 52 Example of Basic Timing of Operation as Frequency Divider (MD0OOO = 1)
TS00
TEOO
moo [ [T UUU U e
2 2 2
TCROO 1 1 1 1 1 1
A A A 1 )
TDROO 0002H X 0001H
TO00
INTTMOO I I I
r+— Divided —» r-Divided-»
by 6 by 4
Remark  TSO00: Bit n of timer channel start register 0 (TSO0)

TEOQO: Bit n of timer channel enable status register 0 (TEO)
TIOO:  TIOO pin input signal

TCROO: Timer count register 00 (TCRO00)

TDROO: Timer data register 00 (TDROO)

TOO00: TOO0O0 pin output signal
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Figure 6 - 53 Example of Set Contents of Registers During Operation as Frequency Divider

(@) Timer mode register 00 (TMRO0O)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAS
CKSmn1|CKSmn0 CCS00 STS002|STS001 | STS000| CIS001 | CIS000 MD003 | MD002 | MDOO1 | MD0OO
TMRmMO TEROO
1/0 0 0 1 0 0 0 0 1/0 1/0 0 0 0 0 0 1/0

L] L] L]

Operation mode of channel 0
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMOO nor inverts
timer output when counting is started.
1: Generates INTTMOO and inverts timer
output when counting is started.

Selection of TI00 pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

Start trigger selection
000B: Selects only software start.

Slave/master selection
0: Independent channel operation function.

Count clock selection
1: Selects the TIOO0 pin input valid edge.

Operation clock (fmck) selection
00B: Selects CKO0O0 as operation clock of channel 0.
10B: Selects CKO1 as operation clock of channel 0.

(b) Timer output register 0 (TOO)

Bit 0
TOmn 0: Outputs 0 from TOOO.
TOO 0 1: Outputs 1 from TOOO.

(c) Timer output enable register 0 (TOEO)

Bitn
TOEmMn 0: Stops the TOOO output operation by counting operation.
TOEO 0 1: Enables the TOO0O output operation by counting operation.

(d) Timer output level register O (TOLO)
Bit 0

TOLmn 0: Cleared to 0 when TOMOO = 0 (master channel output mode)
0

TOLO

(e) Timer output mode register 0 (TOMO)

Bit 0
TOMmn 0: Sets master channel output mode.
TOMO 0
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Figure 6 - 54 Operation Procedure When Frequency Divider Function Is Used

Software Operation

Hardware Status

-

‘pawinsal si uoiresado

TAU Power-off status
default (Clock supply is stopped and writing to each register
setting is disabled.)
Sets the TAUOEN bit of peripheral enable register O
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
_S_et; ti_m?er_claci s_el_ecY r?eg_ist_er_o _(TTDS_O)_ _________________________________
Determines clock frequencies of CK00 and CKOL1.
Channel | Sets timer mode register On (TMROnN) (determines Channel stops operating.
defaut | operation mode of channel and selects the detection (Clock is supplied and some power is consumed.)
seting | edge).
Sets interval (period) value to timer data register 00
(TDRO0O).
Clears the TOMOO bit of timer output mode register 0 The TOO0O pin goes into Hi-Z output state.
(TOMO) to 0 (master channel output mode).
Clears the TOLOO bit to 0.
Sets the TOO0O bit and determines default level of the
TOOO output. p The TOOO default setting level is output when the port mode
register is in output mode and the port register is 0.
Sets the TOEOQO bit to 1 and enables operation of TO00. — TO00 does not change because channel stops
operating.
Clears the port register and port mode register to 0. — The TOOO pin outputs the TOO0O set level.
Operation | Sets the TOEOQO bit to 1 (only when operation is
start resumed). TEOO = 1, and count operation starts.
Sets the TS00 bit to 1. Value of the TDROO register is loaded to timer count
The TSO00 bit automatically returns to 0 because itis a register 00 (TCROO) at the count clock input.
trigger bit. INTTMOO is generated and TO00 performs toggle
operation if the MDOOQO bit of the TMROO register is 1.
During Set value of the TDROO register can be changed. Counter (TCRO00) counts down. When count value
operation | The TCROO register can always be read. reaches 0000H, the value of the TDROO register is
The TSROO register is not used. loaded to the TCROO register again, and the count
Set values of the TOO0 and TOEQ registers can be operation is continued. By detecting TCROO = 0000H,
changed. INTTMOO is generated and TOOO performs toggle
Set values of the TMROO register, TOMO0O, and TOLOO | operation.
bits cannot be changed. After that, the above operation is repeated.
Operation | The TTOO bit is set to 1. TEOO = 0, and count operation stops.
stop The TTOO bit automatically returns to 0 because itis a The TCROO register holds count value and stops.
trigger bit. The TOO0O output is not initialized but holds current
status.
The TOEOO bitis cleared to 0 and value is set to the TO00 bit. —— The TO0O pin outputs the TO0O set level. |
TAU To hold the TOOQO pin output level
stop Clears the TOO0O bit to O after the value to be held is

set to the port register.
When holding the TOOQO pin output level is not
necessary

Setting not required.

The TOO0O pin output level is held by port function.

The TAUOEN bit of the PERO register is cleared to 0. — Power-off status

All circuits are initialized and SFR of each channel is
also initialized.
(The TOOO bit is cleared to 0 and the TOOO pin is set
to port mode).

RO1UH0326EJ0100 Rev. 1.00

Jun 20, 2012

RENESAS

Page 235 of 849



MPD79F7027, pPD79F7028 CHAPTER 6 TIMER ARRAY UNIT

6.7.4  Operation as input pulse interval measurement

The count value can be captured at the TImn valid edge and the interval of the pulse input to TImn can be
measured.
The pulse interval can be calculated by the following expression.

TImn input pulse interval = Period of count clock x ((10000H x TSRmn: OVF) + (Capture value of TDRmn + 1))

Caution  The TImn pin input is sampled using the operating clock selected with the CKSmn bit of timer
mode register mn (TMRmn), so an error of up to one operating clock cycle occurs.

Timer count register mn (TCRmn) operates as an up counter in the capture mode.

When the channel start trigger bit (TSmn) of timer channel start register m (TSm) is set to 1, the TCRmn register
counts up from 0000H in synchronization with the count clock.

When the TImn pin input valid edge is detected, the count value of the TCRmn register is transferred (captured)
to timer data register mn (TDRmn) and, at the same time, the TCRmn register is cleared to 0000H, and the
INTTMmn is output. If the counter overflows at this time, the OVF bit of timer status register mn (TSRmn) is set to
1. If the counter does not overflow, the OVF bit is cleared. After that, the above operation is repeated.

As soon as the count value has been captured to the TDRmn register, the OVF bit of the TSRmn register is
updated depending on whether the counter overflows during the measurement period. Therefore, the overflow
status of the captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF
bit of the TSRmn register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two
or more overflows occur.

Set the STSmn2 to STSmnO bits of the TMRmn register to 001B to use the valid edges of TImn as a start trigger
and a capture trigger.

When TEmn = 1, a software operation (TSmn = 1) can be used as a capture trigger, instead of using the TImn pin
input.

Figure 6 - 55 Block Diagram of Operation as Input Pulse Interval Measurement

CKml —»

4

Timer counter

Operation clock " [
register mn (TCRmn)

CKmgp ——

Trigger selection| [Clock selection

. Edge
Timn pin ©Q —» ) > - _
detection Timer data Interrupt Interrupt signal
register mn (TDRmn) controller (INTTMmn)
TSmMN ———»
Note When channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6 - 56 Example of Basic Timing of Operation as Input Pulse Interval Measurement (MDmnO = 0)

TSmn

TEmn

TImn ﬂ

FFFFH
b c d

TeRmn OOOOHM
) y Y

TDRmn 0000HX a b c d
INTTMmn I
OVF

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
Remark 2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
Timn:  TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
OVF:  Bit 0 of timer status register mn (TSRmn)
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Figure 6 - 57 Example of Set Contents of Registers to Measure Input Pulse Interval

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmN CKSmn1 [ CKSmn0 CCSmn |M/S Note| STSmn2 | STSmn1 | STSmn0 |CISmn1|CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 0 0 0 0 1 1/0 1/0 0 0 0 1 0 1/0

L] L] L]

Operation mode of channel n
010B: Capture mode

Setting of operation when counting is started
0: Does not generate INTTMmn when
counting is started.
1: Generates INTTMmn when counting is
started.

Selection of TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

Capture trigger selection
001B: Selects the TImn pin input valid edge.

Setting of MASTERmMN or SPLITmn bit
0: Independent channel operation function.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register m (TOm)
Bitn

TOmn 0: Outputs 0 from TOmn.
0

TOmM

(c) Timer output enable register m (TOEm)
Bitn

TOEmn 0: Stops TOmn output operation by counting operation.
0

TOEm

(d) Timer output level register m (TOLm)
Bitn

TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

TOLm

(e) Timer output mode register m (TOMm)

Bit n
TOMmn 0: Sets master channel output mode.
TOMmM
0
Note TMRmM2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO: Fixed to O

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6 - 58 Operation Procedure When Input Pulse Interval Measurement Function Is Used

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register
setting is disabled.)
Sets the TAUMEN bit of peripheral enable registero | |
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.

Channel | Sets timer mode register mn (TMRmn) (determines Channel stops operating.
defaut | operation mode of channel). (Clock is supplied and some power is consumed.)
setting
— Operation | Sets TSmn bit to 1. » TEmn = 1, and count operation starts.
start The TSmn bit automatically returns to 0 because it is a Timer count register mn (TCRmn) is cleared to 0000H
trigger bit. at the count clock input.

When the MDmnO bit of the TMRmn register is 1,
INTTMmn is generated.

During | Set values of only the CISmn1 and CISmnO bits of the | Counter (TCRmn) counts up from 0000H. When the

'g operation | TMRmn register can be changed. TImn pin input valid edge is detected, the count value is
§_ The TDRmn register can always be read. transferred (captured) to timer data register mn

%_ The TCRmn register can always be read. (TDRmn). At the same time, the TCRmn register is

g The TSRmn register can always be read. cleared to 0000H, and the INTTMmn signal is

2 Set values of the TOMmn, TOLmn, TOmn, and TOEmn | generated.

g bits cannot be changed. If an overflow occurs at this time, the OVF bit of timer

status register mn (TSRmn) is set; if an overflow does
not occur, the OVF bit is cleared.
After that, the above operation is repeated.

Operation | The TTmn bit is set to 1. » TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to 0 because it is The TCRmn register holds count value and stops.
L a trigger bit. The OVF bit of the TSRmn register is also held.

TAU The TAUMEN bit of the PERO register is cleared to 0. —% Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.7.5  Operation as input signal high-/low-level width measurement

By starting counting at one edge of the TImn pin input and capturing the number of counts at another edge, the
signal width (high-level width/low-level width) of TImn can be measured. The signal width of TImn can be
calculated by the following expression.

Signal width of TImn input = Period of count clock x ((L0000H x TSRmn: OVF) + (Capture value of TDRmn + 1))

Caution  The TImn pin input is sampled using the operating clock selected with the CKSmn bit of timer
mode register mn (TMRmn), so an error equivalent to one operation clock occurs.

Timer count register mn (TCRmn) operates as an up counter in the capture & one-count mode.

When the channel start trigger bit (TSmn) of timer channel start register m (TSm) is set to 1, the TEmn bit is set
to 1 and the TImn pin start edge detection wait status is set.

When the TImn pin input start edge (rising edge of the TImn pin input when the high-level width is to be
measured) is detected, the counter counts up from 0000H in synchronization with the count clock. When the
valid capture edge (falling edge of the TImn pin input when the high-level width is to be measured) is detected
later, the count value is transferred to timer data register mn (TDRmn) and, at the same time, INTTMmn is
output. If the counter overflows at this time, the OVF bit of timer status register mn (TSRmn) is set to 1. If the
counter does not overflow, the OVF bit is cleared. The TCRmn register stops at the value “value transferred to
the TDRmn register + 1", and the TImn pin start edge detection wait status is set. After that, the above operation
is repeated.

As soon as the count value has been captured to the TDRmn register, the OVF bit of the TSRmn register is
updated depending on whether the counter overflows during the measurement period. Therefore, the overflow
status of the captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF
bit of the TSRmn register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two
or more overflows occur.

Whether the high-level width or low-level width of the TImn pin is to be measured can be selected by using the
CISmn1 and CISmnO bits of the TMRmn register.

Because this function is used to measure the signal width of the TImn pin input, the TSmn bit cannot be setto 1
while the TEmn bit is 1.

CISmn1, CISmn0 of TMRmn register = 10B: Low-level width is measured.
CISmn1, CISmn0 of TMRmn register = 11B: High-level width is measured.

Figure 6 - 59 Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

CKml —»
Operation clock
CKmQ ——

> Timer counter
register mn (TCRmn)

L

Trigger selection| [Clock selection

. Edge _ Timer data Interrupt Interrupt signal
Timn pin. @ detection| register mn (TDRmn) controller (INTTMmn)
Note For channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.
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Figure 6 - 60 Example of Basic Timing of Operation as Input Signal High-/Low-Level Width Measurement

TSmn

TEmn

TImn _J

FFFFH
TCRmMn
0000H

~ ||

TDRmMn

0000H

INTTMmn

OVF

Remark 1. m: Unit number (m = 0), n: Channel number (n =0 to 3)
Remark 2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)

TImn:  TImn pin input signal

TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
OVF:  Bit 0 of timer status register mn (TSRmn)
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Figure 6 - 61 Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmN CKSmn1 [ CKSmn0 CCSmn |M/S Note| STSmn2 | STSmn1 | STSmn0 | CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 0 0 0 1 0 1 1/0 0 0 1 1 0 0

L] L] L]

Operation mode of channel n
110B: Capture & one-count

Setting of operation when counting is started
0: Does not generate INTTMmn when
counting is started.

Selection of TImn pin input edge
10B: Both edges (to measure low-level width)
11B: Both edges (to measure high-level width)

Start trigger selection
010B: Selects the TImn pin input valid edge.

Setting of MASTERmMN or SPLITmn bit
0: Independent channel operation function.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register m (TOm)
Bitn

TOmn 0: Outputs 0 from TOmn.
0

TOmM

(c) Timer output enable register m (TOEm)
Bit n

TOEmn 0: Stops the TOmn output operation by counting operation.
0

TOEm

(d) Timer output level register m (TOLm)
Bitn

TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

TOLmM

(e) Timer output mode register m (TOMm)

Bitn
TOMmn 0: Sets master channel output mode.
TOMm
0
Note TMRmM2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO: Fixed to 0
Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6 - 62 Operation Procedure When Input Signal High-/Low-Level Width Measurement Function Is Used

Software Operation

Hardware Status

TAU
default
setting

Sets the TAUmMEN bit of peripheral enable register 0

Power-off status
(Clock supply is stopped and writing to each register
is disabled.)

(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.

Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Channel
default
setting

Sets timer mode register mn (TMRmn) (determines
operation mode of channel).
Clears the TOEmn bit to 0 and stops operation of TOmn.

Channel stops operating.
(Clock is supplied and some power is consumed.)

Operation
start

Sets the TSmn bit to 1.
The TSmn bit automatically returns to 0 because it is
a trigger bit.

Detects the TImn pin input count start valid edge. —»

» TEmn = 1, and the TImn pin start edge detection wait

status is set.

+ Clears timer count register mn (TCRmn) to 0000H and
starts counting up.

During
operation

‘pawnsal s uoneladO

Set value of the TDRmn register can be changed.
The TCRmn register can always be read.

The TSRmn register is not used.

Set values of the TMRmn register, TOMmn, TOLmn,
TOmn, and TOEmn bits cannot be changed.

When the TImn pin start edge is detected, the counter
(TCRmn) counts up from O000H. If a capture edge of the
TImn pin is detected, the count value is transferred to
timer data register mn (TDRmn) and INTTMmn is
generated.

If an overflow occurs at this time, the OVF bit of timer
status register mn (TSRmn) is set; if an overflow does
not occur, the OVF bit is cleared. The TCRmn register
stops the count operation until the next TImn pin start
edge is detected.

Operation
stop

The TTmn bit is set to 1.

The TTmn bit automatically returns to 0 because it is
a trigger bit.

TEmn = 0, and count operation stops.
The TCRmn register holds count value and stops.
The OVF bit of the TSRmn register is also held.

TAU
stop

The TAUMEN bit of the PERO register is cleared to 0. —% Power-off status

All circuits are initialized and SFR of each channel is
also initialized.

Remark

m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.7.6  Operation as delay counter

It is possible to start counting down when the valid edge of the TImn pin input is detected (an external event), and

then generate INTTMmn (a timer interrupt) after any specified interval.

It can also generate INTTMmn (timer interrupt) at any interval by making a software set TSmn = 1 and the count
down start during the period of TEmn = 1.
The interrupt generation period can be calculated by the following expression.

Generation period of INTTMmn (timer interrupt) = Period of count clock x (Set value of TDRmn + 1)

Timer count register mn (TCRmn) operates as a down counter in the one-count mode.

When the channel start trigger bit (TSmn, TSHm1, TSHm3) of timer channel start register m (TSm) is set to 1,

the TEmn, TEHm1, TEHmM3 bits are set to 1 and the TImn pin input valid edge detection wait status is set.

Timer count register mn (TCRmn) starts operating upon TImn pin input valid edge detection and loads the value

of timer data register mn (TDRmn). The TCRmn register counts down from the value of the TDRmn register it

has loaded, in synchronization with the count clock. When TCRmn = 0000H, it outputs INTTMmn and stops

counting until the next TImn pin input valid edge is detected.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid from the

next period.

Figure 6 - 63 Block Diagram of Operation as Delay Counter

Operation clock " [

TSmn

CKml —8M8M8@™»

CKmQ ——»

\

Trigger selection| [Clock selection

> Timer counter
register mn (TCRmn)

Timer data > Interrupt |
Timn oin © .| Edge - register mn (TDRmn) »| controller
P " |detection| T
Note For using channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)

Interrupt signal
(INTTMmn)
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Figure 6 - 64 Example of Basic Timing of Operation as Delay Counter

TSmn J-|

TEmn J

Timn
FFFFH
TCRmMn
0000H
TDRmn a X | b
INTTMmn
B a+1 " B b+1 -

Remark 1. m: Unit number (m = 0), n: Channel number (n =0 to 3)
Remark 2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
Timn:  TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
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Figure 6 - 65 Example of Set Contents of Registers to Delay Counter (1/2)

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmN CKSmn1 [ CKSmn0 CCSmn |M/S Note| STSmn2 | STSmn1 | STSmn0 | CISmnl | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 1/0 0 0 0/1 0 0 1 1/0 1/0 0 0 1 0 0 0

L] L] L]

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.
1: Trigger input is valid.

Selection of TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

Start trigger selection
001B: Selects the TImn pin input valid edge.

Setting of MASTERmMN or SPLITmn bit
0: Independent channel operation function.
(This is set to 1 when using channels 1 and 3 (TMRm1 and TMRm3) in the 8-bit timer mode.)

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected using channels 1 and 3 in the 8-bit timer mode).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected using channels 1 and 3 in the 8-bit timer mode).

(b) Timer output register m (TOm)
Bitn

TOmMnN 0: Outputs 0 from TOmn.
0

TOmM

(c) Timer output enable register m (TOEm)

Bitn
TOEmn 0: Stops the TOmn output operation by counting operation.
TOEm
0
Note TMRmM2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO: Fixed to O

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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(d) Timer output level register m (TOLm)

Bitn

TOLm

TOLmN
0

0: Cleared to 0 when TOMmn = 0 (master channel output mode).

(e) Timer output mode register m (TOMm)

Figure 6 - 66 Example of Set Contents of Registers to Delay Counter (2/2)

Bitn
TOMmn 0: Sets master channel output mode.
TOMm 0
Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6 - 67 Operation Procedure When Delay Counter Function Is Used

Software Operation

Hardware Status

TAU
default
setting

Sets the TAUMEN bit of peripheral enable register 0

Power-off status
(Clock supply is stopped and writing to each register
is disabled.)

(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1 (or
CKm2 and CKm3 when using the 8-bit timer mode).

Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Channel
default
setting

Sets timer mode register mn (TMRmn) (determines
operation mode of channel).

INTTMmn output delay is set to timer data register mn
(TDRmn).

Clears the TOEmn bit to 0 and stops operation of TOmn.

Channel stops operating.
(Clock is supplied and some power is consumed.)

—»| Operation

start

Sets the TSmn bit to 1.
The TSmn bit automatically returns to 0 because it is
a trigger bit.

Detects the TImn pin input valid edge. ———

» TEmn = 1, and the TImn pin input valid edge detection

wait status is set.

+ Value of the TDRmn register is loaded to the timer count
register mn (TCRmn).

During
operation

Set value of the TDRmn register can be changed.
The TCRmn register can always be read.
The TSRmn register is not used.

The counter (TCRmn) counts down. When TCRmn
counts down to 0000H, INTTMmn is output, and
counting stops (which leaves TCRmn at 0000H) until the
next TImn pin input.

Operation
stop

‘pawinsal si uonelado

The TTmn bit is set to 1.
The TTmn bit automatically returns to 0 because it is
a trigger bit.

TEmn = 0, and count operation stops.
The TCRmn register holds count value and stops.

TAU
stop

The TAUMEN bit of the PERO register is cleared to 0. —% Power-off status

All circuits are initialized and SFR of each channel is
also initialized.

Remark

m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.8 Simultaneous Channel Operation Function of Timer Array Unit

6.8.1  Operation as one-shot pulse output function

By using two channels as a set, a one-shot pulse having any delay pulse width can be generated from the signal
input to the TImn pin.
The delay time and pulse width can be calculated by the following expressions.

Delay time = {Set value of TDRmn (master) + 2} x Count clock period
Pulse width = {Set value of TDRmp (slave)} x Count clock period

The master channel operates in the one-count mode and counts the delays. Timer count register mn (TCRmn) of
the master channel starts operating upon start trigger detection and loads the value of timer data register mn
(TDRmn).

The TCRmn register counts down from the value of the TDRmn register it has loaded, in synchronization with the
count clock. When TCRmn = 0000H, it outputs INTTMmn and stops counting until the next start trigger is
detected.

The slave channel operates in the one-count mode and counts the pulse width. The TCRmp register of the slave
channel starts operation using INTTMmn of the master channel as a start trigger, and loads the value of the
TDRmp register. The TCRmp register counts down from the value of The TDRmp register it has loaded, in
synchronization with the count value. When count value = 0000H, it outputs INTTMmp and stops counting until
the next start trigger (INTTMmn of the master channel) is detected. The output level of TOmp becomes active
one count clock after generation of INTTMmn from the master channel, and inactive when TCRmp = 0000H.
Instead of using the TImn pin input, a one-shot pulse can also be output using the software operation (TSmn = 1)
as a start trigger.

Caution The timing of loading of timer data register mn (TDRmn) of the master channel is different
from that of the TDRmp register of the slave channel. If the TDRmn and TDRmp registers are
rewritten during operation, therefore, an illegal waveform is output. Rewrite the TDRmn
register after INTTMmn is generated and the TDRmp register after INTTMmp is generated.

Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)
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Figure 6 - 68 Block Diagram of Operation as One-Shot Pulse Output Function

Master channel
(one-count mode)

Operation clock [

CKml ——

CKmQ ——

Trigger selection| [Clock selection

Timer counter
register mn (TCRmn)

TSmn > -
Timer data Interrupt
Ed register mn (TDRmn) | controller
TImn pin ©Q —» ge >
detection
Slave channel
(one-count mode) =
kel
_ CKm1 > Y
Operation clock @ > Timer counter Output
CKmO > § register mp (TCRmp) controller
O
c
il
©
9 -
] Timer data Interrupt
5 register mp (TDRmp) controller
3
o

Remark

m: Unit number (m = 0), n: Channel number (n =0, 2)

p: Slave channel number (n=0:p=1,2,3,n=2:p=3)

Interrupt signal
(INTTMmn)

— © TOmp pin

Interrupt signal
(INTTMmp)
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Figure 6 - 69 Example of Basic Timing of Operation as One-Shot Pulse Output Function

TSmn _ﬂ

TEmn J

Timn

Master FFFFH
channel TCRmnN
0000H

TDRmn a

TOmn

INTTMmn 3

Tsmp _| /

TEmp
FFFFH B
TCRmp
Slave 0000H
channel
TDRmp b
TOmp
INTTMmp

Remark 1. m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2: p=3)

Remark 2. TSmn, TSmp: Bit n, p of timer channel start register m (TSm)
TEmn, TEmp: Bit n, p of timer channel enable status register m (TEm)
TImn, Timp: TImn and TImp pins input signal
TCRmn, TCRmp: Timer count registers mn, mp (TCRmn, TCRmp)
TDRmn, TDRmp: Timer data registers mn, mp (TDRmn, TDRmp)
TOmn, TOmp:  TOmn and TOmp pins output signal
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Figure 6 - 70 Example of Set Contents of Registers
When One-Shot Pulse Output Function Is Used (Master Channel)

(&) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAS
CKSmn1 [ CKSmn0 CCSmn STSmn2 | STSmnl | STSmn0 | CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
TMRmMn TERmn
1/0 0 0 0 1 0 0 1 1/0 1/0 0 0 1 0 0 0

L] L] L]

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

Selection of TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

Start trigger selection
001B: Selects the TImn pin input valid edge.

Slave/master selection
1: Master channel

Count clock selection
0: Selects operation clock (fvck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channels n.
10B: Selects CKm1 as operation clock of channels n.

(b) Timer output register m (TOm)
Bitn

TOmMnN 0: Outputs 0 from TOmn.
0

TOm

(c) Timer output enable register m (TOEm)
Bitn

TOEmn 0: Stops the TOmn output operation by counting operation.
0

TOEmM

(d) Timer output level register m (TOLm)
Bitn

TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

TOLm

(e) Timer output mode register m (TOMm)

Bitn
TOMmn 0: Sets master channel output mode.
TOMm 0
Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
RO1UHO0326EJ0100 Rev. 1.00 RENESAS Page 252 of 849

Jun 20, 2012



MPD79F7027, pPD79F7028 CHAPTER 6 TIMER ARRAY UNIT

Figure 6 - 71 Example of Set Contents of Registers
When One-Shot Pulse Output Function Is Used (Slave Channel)

(&) Timer mode register mp (TMRmp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T™RM CKSmp1 | CKSmp0 CCSmp |M/S Note| STSmp2 | STSmpl | STSmpO | CISmp1 | CISmpO MDmp3 | MDmp2 | MDmp1 | MDmpO
P 1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0

Selection of TImp pin input edge

Start trigger selection
100B: Selects INTTMmn of master channel.

Setting of MASTERmp or SPLITmp bit
0: Slave channel.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel p.
10B: Selects CKm1 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register m (TOm)

Bit p
TOmp 0: Outputs 0 from TOmp.
TOm 1/0 1: Outputs 1 from TOmp.

(c) Timer output enable register m (TOEm)
Bit p

TOEmp 0: Stops the TOmp output operation by counting operation.

TOEm 1/0 1: Enables the TOmp output operation by counting operation.

(d) Timer output level register m (TOLm)
Bit p

TOLmp 0: Positive logic output (active-high)

TOLm 1/0 1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)

L] L] L]

Operation mode of channel p
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

00B: Sets 00B because these are not used.

Bit p
TOMmp 1: Sets the slave channel output mode.
TOMm
1
Note TMRm2: MASTERmp bit
TMRm1, TMRm3: SPLITmp bit
Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2: p=3)
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Figure 6 - 72 Operation Procedure of One-Shot Pulse Output Function (1/2)

Software Operation

Hardware Status

TAU
default
setting

Sets the TAUMEN bit of peripheral enable registers 0
(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.

Power-off status
(Clock supply is stopped and writing to each register
is disabled.)

Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Channel
default
setting

Sets timer mode register mn, mp (TMRmn, TMRmp) of
two channels to be used (determines operation mode of
channels).

An output delay is set to timer data register mn (TDRmn)
of the master channel, and a pulse width is set to the
TDRmp register of the slave channel.

Sets slave channel.
The TOMmp bit of timer output mode register m
(TOMm) is set to 1 (slave channel output mode).
Sets the TOLmp bit.
Sets the TOmp bit and determines default level of the
TOmp output.

Sets the TOEmp bit to 1 and enables operation of
TOmp.

Channel stops operating.
(Clock is supplied and some power is consumed.)

The TOmp pin goes into Hi-Z output state.

» The TOmp default setting level is output when the port

mode register is in output mode and the port register is
0.

» TOmp does not change because channel stops

operating.

Clears the port register and port mode register to 0. —brThe TOmp pin outputs the TOmp set level.

(Note and Remark are listed on the next page.)

RO1UH0326EJ0100 Rev. 1.00

Jun 20, 2012

RENESAS

Page 254 of 849



MPD79F7027, pPD79F7028 CHAPTER 6 TIMER ARRAY UNIT

Figure 6 - 73 Operation Procedure of One-Shot Pulse Output Function (2/2)

Software Operation Hardware Status

— Operation | Sets the TOEmp bit (slave) to 1 (only when operation is
start resumed).

The TSmn (master) and TSmp (slave) bits of timer
channel start register m (TSm) are set to 1 at the same

time. » The TEmn and TEmp bits are set to 1 and the master
The TSmn and TSmp bits automatically return to O channel enters the TImn input edge detection wait
because they are trigger bits. status.

Counter stops operating.

Detects the TImn pin input valid edge of master channel. — Master channel starts counting.

During Set values of only the CISmn1 and CISmnO bits of the | Master channel loads the value of the TDRmn register
operation | TMRmn register can be changed. to timer count register mn (TCRmn) when the TImn pin
Set values of the TMRmp, TDRmn, TDRmp registers, valid input edge is detected, and the counter starts

TOMmn, TOMmp, TOLmn, and TOLmp bits cannot be | counting down. When the count value reaches TCRmn

'g changed. = 0000H, the INTTMmn output is generated, and the

§,_ The TCRmn and TCRmp registers can always be read. | counter stops until the next valid edge is input to the

%_ The TSRmn and TSRmp registers are not used. TImn pin.

g Set values of the TOm and TOEm registers can be The slave channel, triggered by INTTMmn of the master
2 changed. channel, loads the value of the TDRmp register to the
g TCRmp register, and the counter starts counting down.

The output level of TOmp becomes active one count
clock after generation of INTTMmn from the master
channel. It becomes inactive when TCRmp = 0000H,
and the counting operation is stopped.

After that, the above operation is repeated.

Operation | The TTmn (master) and TTmp (slave) bits are set to 1 at

stop the same time. TEmn, TEmp = 0, and count operation stops.
The TTmn (master) and TTmp (slave) bits are setto 1 The TCRmn and TCRmp registers hold count value
at the same time. and stop.
The TOmp output is not initialized but holds current
status.

The TOEmp bit of slave channel is cleared to 0 and
L value is set to the TOmp bit. B The TOmp pin outputs the TOmp set level.

TAU To hold the TOmp pin output level
stop Clears the TOmp bit to 0 after the value to be held is
set to the port register. The TOmp pin output level is held by port function.
When holding the TOmp pin output level is not
necessary
Setting not required.

The TAUMEN bit of the PERO register is cleared to 0. —% Power-off status
All circuits are initialized and SFR of each channel is

also initialized.
(The TOmp bit is cleared to 0 and the TOmp pin is set
to port mode.)

Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)
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6.8.2  Operation as PWM function

Two channels can be used as a set to generate a pulse of any period and duty factor.
The period and duty factor of the output pulse can be calculated by the following expressions.

Pulse period = {Set value of TDRmn (master) + 1} x Count clock period

Duty factor [%] = {Set value of TDRmp (slave)}/{Set value of TDRmn (master) + 1} x 100
0% output:  Set value of TDRmp (slave) = 0000H

100% output: Set value of TDRmp (slave) > {Set value of TDRmn (master) + 1}

Remark  The duty factor exceeds 100% if the set value of TDRmp (slave) > (set value of TDRmn (master) + 1),
it summarizes to 100% output.

The master channel operates in the interval timer mode. If the channel start trigger bit (TSmn) of timer channel
start register m (TSm) is set to 1, an interrupt (INTTMmn) is output, the value set to timer data register mn
(TDRmnN) is loaded to timer count register mn (TCRmn), and the counter counts down in synchronization with the
count clock. When the counter reaches 0000H, INTTMmn is output, the value of the TDRmn register is loaded
again to the TCRmn register, and the counter counts down. This operation is repeated until the channel stop
trigger bit (TTmn) of timer channel stop register m (TTm) is set to 1.

If two channels are used to output a PWM waveform, the period until the master channel counts down to 0000H
is the PWM output (TOmp) cycle.

The slave channel operates in one-count mode. By using INTTMmn from the master channel as a start trigger,
the TCRmp register loads the value of the TDRmp register and the counter counts down to 0000H. When the
counter reaches 0000H, it outputs INTTMmp and waits until the next start trigger (INTTMmn from the master
channel) is generated.

If two channels are used to output a PWM waveform, the period until the slave channel counts down to 0000H is
the PWM output (TOmp) duty.

PWM output (TOmp) goes to the active level one clock after the master channel generates INTTMmn and goes
to the inactive level when the TCRmp register of the slave channel becomes 0000H.

Caution  To rewrite both timer data register mn (TDRmn) of the master channel and the TDRmp register
of the slave channel, a write access is necessary two times. The timing at which the values of
the TDRmn and TDRmp registers are loaded to the TCRmn and TCRmp registers is upon
occurrence of INTTMmn of the master channel. Thus, when rewriting is performed split before
and after occurrence of INTTMmn of the master channel, the TOmp pin cannot output the
expected waveform. To rewrite both the TDRmn register of the master and the TDRmp register
of the slave, therefore, be sure to rewrite both the registers immediately after INTTMmn is
generated from the master channel.

Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2: p=3)
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Figure 6 - 74 Block Diagram of Operation as PWM Function

Master channel
(interval timer mode)

) CKml ——»
Operation clock

> Timer counter
register mn (TCRmn)

CKmQ ———

Trigger selection| | Clock selection

TSmn Timer data Interrupt Interrupt signal
I . >
register mn (TDRmn) controller (INTTMmn)
Slave channel
(one-count mode)
o . ock (CKml > y
peration cloc > Timer counter | Output .
CKmO > register mp (TCRmp) ~| controller © TOmp pin

Timer data _| Interrupt Interrupt signal
register mp (TDRmp) ™| controller > (INTTMmp)

Trigger selection| |Clock selection

Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)
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Figure 6 - 75 Example of Basic Timing of Operation as PWM Function

Master
channel

Slave
channel

TSmn

|

TEmn

TCRmn
0000H

FFFFH

TDRmMnN

TOmMnN

INTTMmn

TSmp J

FFFFH
TCRmp
0000H

TDRmp

TOmp

INTTMmp

Y

\

A
Y
3

a+‘1

Remark 1. m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)
Bit n, p of timer channel start register m (TSm)

Remark 2.

TSmn, TSmp:
TEmn, TEmp:

Bit n, p of timer channel enable status register m (TEm)

TCRmn, TCRmp: Timer count registers mn, mp (TCRmn, TCRmp)
TDRmn, TDRmp: Timer data registers mn, mp (TDRmn, TDRmp)
TOmn and TOmp pins output signal

TOmn, TOmp:

Q; A
i
-
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Figure 6 - 76 Example of Set Contents of Registers When PWM Function (Master Channel) Is Used

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAS
CKSmn1 [ CKSmn0 CCSmn STSmn2 | STSmnl | STSmn0 | CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
TMRmMn TERmn
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

L] L] L]

Operation mode of channel n
000B: Interval timer

Setting of operation when
counting is started
1: Generates INTTMmn
when counting is started.

Selection of TImn pin input edge
00B: Sets 00B because these are not used.

Start trigger selection
000B: Selects only software start.

Slave/master selection
1: Master channel.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.

(b) Timer output register m (TOm)
Bitn

TOmMnN 0: Outputs 0 from TOmn.
0

TOm

(c) Timer output enable register m (TOEm)
Bitn

TOEmn 0: Stops the TOmn output operation by counting operation.
0

TOEm

(d) Timer output level register m (TOLm)
Bitn

TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

TOLm

(e) Timer output mode register m (TOMm)
Bitn

TOMmn 0: Sets master channel output mode.
0

TOMmM

Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
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Figure 6 - 77 Example of Set Contents of Registers When PWM Function (Slave Channel) Is Used

(@) Timer mode register mp (TMRmp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T™MRm CKSmp1 | CKSmp0 CCSmp |M/S Note| STSmp2 | STSmpl | STSmpO | CISmp1 | CISmpO MDmp3 | MDmp2 | MDmp1 | MDmpO
Plwo] o] o] oo 12]o0o|o0o|o|lo|o|o|1]o0o] o]

L] L] L]

Operation mode of channel p
100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

Selection of TImp pin input edge
00B: Sets 00B because these are not used.

Start trigger selection
100B: Selects INTTMmn of master channel.

Setting of MASTERmp or SPLITmp bit
0: Slave channel.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel p.
10B: Selects CKm1 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register m (TOm)

Bit p
TOmp 0: Outputs 0 from TOmp.
TOm 1/0 1: Outputs 1 from TOmp.

(c) Timer output enable register m (TOEm)
Bit p

TOEmp 0: Stops the TOmp output operation by counting operation.

TOEm 1/0 1: Enables the TOmp output operation by counting operation.

(d) Timer output level register m (TOLm)
Bit p

TOLmp 0: Positive logic output (active-high)

TOLm 1/0 1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)

Bit p
TOMmp 1: Sets the slave channel output mode.
TOMm
1
Note TMRm2: MASTERmMp bit
TMRm1, TMRm3: SPLITmp bit
Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)
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Figure 6 - 78 Operation Procedure When PWM Function Is Used (1/2)

Software Operation

Hardware Status

TAU
default
setting

Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.

Power-off status
(Clock supply is stopped and writing to each register
is disabled.)

Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Channel
default
setting

Sets timer mode registers mn, mp (TMRmn, TMRmp) of
two channels to be used (determines operation mode of
channels).

An interval (period) value is set to timer data register mn
(TDRmn) of the master channel, and a duty factor is set
to the TDRmp register of the slave channel.

Sets slave channel.
The TOMmp bit of timer output mode register m
(TOMm) is set to 1 (slave channel output mode).
Sets the TOLmp bit.
Sets the TOmp bit and determines default level of the
TOmp output.

Sets the TOEmp bit to 1 and enables operation of
TOmp.

Clears the port register and port mode register to 0. —brThe TOmp pin outputs the TOmp set level.

» The TOmp default setting level is output when the port

» TOmp does not change because channel stops

Channel stops operating.
(Clock is supplied and some power is consumed.)

The TOmp pin goes into Hi-Z output state.

mode register is in output mode and the port register is
0.

operating.

(Note and Remark are listed on the next page.)
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Figure 6 - 79 Operation Procedure When PWM Function Is Used (2/2)

Software Operation

Hardware Status

Sets the TOEmp bit (slave) to 1 (only when operation is
resumed).

The TSmn (master) and TSmp (slave) bits of timer
channel start register m (TSm) are set to 1 at the same
time.

TEmn=1, TEmp=1

The TSmn and TSmp bits automatically return to O
because they are trigger bits.

» When the master channel starts counting, INTTMmn
is generated. Triggered by this interrupt, the slave
channel also starts counting.

Set values of the TMRmn and TMRmp registers,
TOMmn, TOMmp, TOLmn, and TOLmp bits cannot be
changed.

Set values of the TDRmn and TDRmp registers can be
changed after INTTMmn of the master channel is
generated.

The TCRmn and TCRmp registers can always be read.
The TSRmn and TSRmp registers are not used.

The counter of the master channel loads the TDRmn
register value to timer count register mn (TCRmn), and
counts down. When the count value reaches TCRmn =
0000H, INTTMmn output is generated. At the same
time, the value of the TDRmn register is loaded to the
TCRmn register, and the counter starts counting down
again.

At the slave channel, the value of the TDRmp register is
loaded to the TCRmp register, triggered by INTTMmn of
the master channel, and the counter starts counting
down. The output level of TOmp becomes active one
count clock after generation of the INTTMmn output
from the master channel. It becomes inactive when
TCRmp = 0000H, and the counting operation is
stopped.

After that, the above operation is repeated.

The TTmn (master) and TTmp (slave) bits are set to 1 at
the same time.
The TTmn and TTmp bits automatically return to O

because they are trigger bits.

The TOEmp bit of slave channel is cleared to 0 and
value is set to the TOmp bit.

» TEmn, TEmp = 0, and count operation stops.

The TCRmn and TCRmp registers hold count value
and stop.

The TOmp output is not initialized but holds current
status.

The TOmp pin outputs the TOmp set level.

To hold the TOmp pin output level

Clears the TOmp bit to O after the value to be held — The TOmp pin output level is held by port function.

is set to the port register.
When holding the TOmp pin output level is not
necessary

Setting not required.

The TAUMEN bit of the PERO register is cleared to 0. —

Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOmp bitis cleared to 0 and the TOmp pin is set
to port mode.)

—»| Operation

start
During
operation

o

e}

@

2

=

=}

e

@

2]

c

3

@

Q
Operation
stop
TAU
stop

Remark

m: Unit number (m = 0), n: Channel number (n =0, 2)

p: Slave channel number (n=0:p=1,2,3,n=2:p =3)
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6.8.3  Operation as multiple PWM output function

By extending the PWM function and using multiple slave channels, many PWM waveforms with different duty
values can be output.

For example, when using two slave channels, the period and duty factor of an output pulse can be calculated by
the following expressions.

Pulse period = {Set value of TDRmn (master) + 1} x Count clock period
Duty factor 1 [%] = {Set value of TDRmp (slave 1)}/{Set value of TDRmn (master) + 1} x 100
Duty factor 2 [%] = {Set value of TDRm(q (slave 2)}/{Set value of TDRmn (master) + 1} x 100

Remark  Although the duty factor exceeds 100% if the set value of TDRmp (slave 1) > {set value of TDRmn
(master) + 1} or if the {set value of TDRmq (slave 2)} > {set value of TDRmn (master) + 1}, it is
summarized into 100% output.

Timer count register mn (TCRmn) of the master channel operates in the interval timer mode and counts the
periods.

The TCRmp register of the slave channel 1 operates in one-count mode, counts the duty factor, and outputs a
PWM waveform from the TOmp pin. The TCRmp register loads the value of timer data register mp (TDRmp),
using INTTMmn of the master channel as a start trigger, and starts counting down. When TCRmp = 0000H,
TCRmp outputs INTTMmp and stops counting until the next start trigger (INTTMmn of the master channel) has
been input. The output level of TOmp becomes active one count clock after generation of INTTMmn from the
master channel, and inactive when TCRmp = 0000H.

In the same way as the TCRmp register of the slave channel 1, the TCRm(q register of the slave channel 2
operates in one-count mode, counts the duty factor, and outputs a PWM waveform from the TOmq pin. The
TCRm(q register loads the value of the TDRmg register, using INTTMmn of the master channel as a start trigger,
and starts counting down. When TCRmq = 0000H, the TCRmq register outputs INTTMmgq and stops counting
until the next start trigger (INTTMmn of the master channel) has been input. The output level of TOmqg becomes
active one count clock after generation of INTTMmn from the master channel, and inactive when TCRmq =
0000H.

When channel 0 is used as the master channel as above, up to three types of PWM signals can be output at the
same time.

Caution  To rewrite both timer data register mn (TDRmn) of the master channel and the TDRmp register
of the slave channel 1, write access is necessary at least twice. Since the values of the TDRmn
and TDRmp registers are loaded to the TCRmn and TCRmp registers after INTTMmn is
generated from the master channel, if rewriting is performed separately before and after
generation of INTTMmn from the master channel, the TOmp pin cannot output the expected
waveform. To rewrite both the TDRmn register of the master and the TDRmp register of the
slave, be sure to rewrite both the registers immediately after INTTMmn is generated from the
master channel (This applies also to the TDRmq register of the slave channel 2).

Remark  m: Unit number (m = 0), n: Channel number (n = 0)
p: Slave channel number 1, g: Slave channel number 2
n<p<q<3(Where pand g are integers greater than n)
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Figure 6 - 80 Block Diagram of Operation as Multiple PWM Output Function (output two types of PWMs)

Master channel
(interval timer mode)

CKml —»
Operation clock
CKmQ ———»

Trigger selection||Clock selection

Timer counter
register mn (TCRmn)

Y

Interrupt signal
(INTTMmn)

—» © TOmp pin

Interrupt signal

(INTTMmp)

— © TOmq pin

Interrupt signal
™ (INTTMmq)

Timer data |nterrupt
—_— . >
TSmn register mn (TDRmn) controller
Slave channel 1
(one-count mode) =
. CKm1l > § \
Operation clock 3 > Timer counter Output
CKmO > %‘é register mp (TCRmp) controller
O
c
i)
5
» 2 Timer data Interrupt
s register mp (TDRmp) controller
D
2
=
Slave channel 2
(one-count mode) =
i)
. CKm1 > & v
Operation clock 3 > Timer counter | Output
CKmO > § register mg (TCRmQ) | controller
(@)
c
§e]
5
» 2 Timer data _| Interrupt
5 register mq (TDRmq) | controller
D
2
=

Remark

m: Unit number (m = 0), n: Channel number (n = 0)

p: Slave channel number 1, g: Slave channel number 2
n<p<q=<3(Where p and g are integers greater than n)
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Figure 6 - 81 Example of Basic Timing of Operation as Multiple PWM Output Function
(Output two types of PWMs) (1/2)

TSmn

TEmn

FFFFH

TCRmMn
Master 0000H N
channel / / / /

TDRmn a X b

TOmn

INTTMmn

TSmp

TEmp

FFFFH
TCRmp

Slave 0000H
channel 1

TDRmp c X d

TOmp ] L

INTTMmp

A
\4
/
A
i

a+1 a+l1 | b+1

TSmq

TEmq

FFFFH

TCRMA  oo00H
Slave / /

channel 2 TDRmg o X

TOmq

INTTMmq

A
\
\

a+1 a+1 b+1

(Remark is listed on the next page.)
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Remark 1. m: Unit number (m = 0), n: Channel number (n = 0)
p: Slave channel number 1, g: Slave channel number 2
n<p<q<3(Where pand g are integers greater than n)

Remark 2. TSmn, TSmp, TSmq: Bit n, p, q of timer channel start register m (TSm)
TEmn, TEmp, TEmQ: Bit n, p, g of timer channel enable status register m (TEm)
TCRmn, TCRmp, TCRmgq: Timer count registers mn, mp, mg (TCRmn, TCRmp, TCRmq)
TDRmn, TDRmp, TDRmgq: Timer data registers mn, mp, mg (TDRmn, TDRmp, TDRmq)
TOmn, TOmp, TOmMQ: TOmn, TOmp, and TOmq pins output signal
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Figure 6 - 82 Example of Set Contents of Registers
When Multiple PWM Output Function (Master Channel) Is Used

(&) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
MAS
CKSmn1 [ CKSmn0 CCSmn STSmn2 | STSmnl | STSmn0 | CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
TMRmMn TERmn
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 1

L] |

Start trigger selection

Slave/master selection
1: Master channel.

Count clock selection
0: Selects operation clock (fvck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.

(b) Timer output register m (TOm)
Bitn

TOmn 0: Outputs 0 from TOmn.
0

TOm

(c) Timer output enable register m (TOEm)
Bit n
TOEmn 0: Stops the TOmn output operation by counting operation.
0

TOEm

(d) Timer output level register m (TOLm)
Bitn

TOLm

0

(e) Timer output mode register m (TOMm)
Bitn
TOMmn 0: Sets master channel output mode.
0

TOMm

Remark  m: Unit number (m = 0), n: Channel number (n = 0)

TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).

000B: Selects only software start.

Operation mode of channel n
000B: Interval timer

Setting of operation when
counting is started
1: Generates INTTMmn

Selection of TImn pin input edge
00B: Sets 00B because these are not used.

when counting is started.
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Figure 6 - 83 Example of Set Contents of Registers

When Multiple PWM Output Function (Slave Channel) Is Used (output two types of PWMs)

(&) Timer mode register mp, mq (TMRmp, TMRmQ)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T™RM CKSmp1 | CKSmp0 CCSmp |M/S Note| STSmp2 | STSmp1 | STSmpO | CISmp1 | CISmp0 MDmp3 | MDmp2 | MDmp1 | MDmp0
P 1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T™RmM CKSmq1 | CKSmq0 CCSmgq |M/S Note STSmq2 | STSmgl | STSmq0 | CISmg1 | CISmq0 MDmg3 | MDmg2 | MDmg1 | MDmq0
. 1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

L] L]

Start trigger selection

0: Slave channel.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel p, g.
10B: Selects CKm1 as operation clock of channel p, g.
* Make the same setting as master channel.

(b) Timer output register m (TOm)

Bit q Bit p
TOmq | TOmp 0: Outputs 0 from TOmp or TOmq.
TOm 1/0 1/0 1: Outputs 1 from TOmp or TOmMq.

(c) Timer output enable register m (TOEm)

Bit q Bit p
TOEmq | TOEmp 0: Stops the TOmp or TOmq output operation by counting operation.
TOEm 1/0 1/0 1: Enables the TOmp or TOm(q output operation by counting operation.

(d) Timer output level register m (TOLm)

Bit q Bit p
TOLmq | TOLmp 0: Positive logic output (active-high)
TOLm . : ) )
1/0 1/0 1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)
Bit q Bit p

TOMmg | TOMmp 1: Sets the slave channel output mode.
1 1

TOMmM

Note TMRm2: MASTERmMp, MASTERmM( bit
TMRm1, TMRm3: SPLITmp, SPLITmq bit

Remark  m: Unit number (m = 0), n: Channel number (n = 0)
p: Slave channel number 1, g: Slave channel number 2
n <p<q<3(Where p and q are integers greater than n)

100B: Selects INTTMmn of master channel.

Setting of MASTERmp, MASTERm(q or SPLITmp, SPLITmq bit

]

Operation mode of channel p, q
100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

Selection of TImp and TImq pins input edge
00B: Sets 00B because these are not used.
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Figure 6 - 84 Operation Procedure When Multiple PWM Output Function Is Used (output two types of PWMs) (1/2)

Software Operation

Hardware Status

TAU
default
setting

Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.

Power-off status
(Clock supply is stopped and writing to each register
is disabled.)

Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Channel
default
setting

Sets timer mode registers mn, mp, mqg (TMRmn,
TMRmp, TMRmq) of each channel to be used
(determines operation mode of channels).

An interval (period) value is set to timer data register mn
(TDRmn) of the master channel, and a duty factor is set
to the TDRmp and TDRm(q registers of the slave
channels.

Sets slave channels.
The TOMmp and TOMmq bits of timer output mode
register m (TOMm) are set to 1 (slave channel output
mode).
Clears the TOLmp and TOLmq bits to 0.
Sets the TOmp and TOmq bits and determines

Channel stops operating.
(Clock is supplied and some power is consumed.)

The TOmp and TOmq pins go into Hi-Z output state.

default level of the TOmp and TOmq outputs. — The TOmp and TOmq default setting levels are output

Sets the TOEmp and TOEm(q bits to 1 and enables
operation of TOmp and TOmgq.

when the port mode register is in output mode and the
port register is 0.

» TOmp and TOmq do not change because channels stop

operating.
Clears the port register and port mode register to 0. - The TOmp and TOmq pins output the TOmp and TOmq
set levels.
(Note and Remark are listed on the next page.)
RO1UHO0326EJ0100 Rev. 1.00 -2 ENESAS Page 269 of 849

Jun 20, 2012



MPD79F7027, pPD79F7028

CHAPTER 6 TIMER ARRAY UNIT

Figure 6 - 85 Operation Procedure When Multiple PWM Output Function Is Used (output two types of PWMs) (2/2)

Software Operation

Hardware Status

(Sets the TOEmp and TOEmq (slave) bits to 1 only
when resuming operation.)

The TSmn bit (master), and TSmp and TSmq (slave)
bits of timer channel start register m (TSm) are setto 1
at the same time.

The TSmn, TSmp, and TSmq bits automatically return to
0 because they are trigger bits.

» TEmn =1, TEmp, TEmg=1

When the master channel starts counting, INTTMmn
is generated. Triggered by this interrupt, the slave
channel also starts counting.

Set values of the TMRmn, TMRmp, TMRmq registers,
TOMmn, TOMmp, TOMmg, TOLmn, TOLmp, and
TOLmq bits cannot be changed.

Set values of the TDRmn, TDRmp, and TDRmq
registers can be changed after INTTMmn of the master
channel is generated.

The TCRmn, TCRmp, and TCRm(q registers can always
be read.

The TSRmn, TSRmp, and TSRmq registers are not
used.

The counter of the master channel loads the TDRmn register
value to timer count register mn (TCRmn) and counts down.
When the count value reaches TCRmn = 0000H, INTTMmn
output is generated. At the same time, the value of the TDRmn
register is loaded to the TCRmn register, and the counter
starts counting down again.

At the slave channel 1, the values of the TDRmp register are
transferred to the TCRmp register, triggered by INTTMmn of
the master channel, and the counter starts counting down. The
output levels of TOmp become active one count clock after
generation of the INTTMmn output from the master channel. It
becomes inactive when TCRmp = 0000H, and the counting
operation is stopped.

At the slave channel 2, the values of the TDRmq register are
transferred to TCRmq regster, triggered by INTTMmn of the
master channel, and the counter starts counting down. The
output levels of TOmq become active one count clock after
generation of the INTTMmn output from the master channel. It
becomes inactive when TCRmq = 0000H, and the counting
operation is stopped.

After that, the above operation is repeated.

The TTmn bit (master), TTmp, and TTmgq (slave) bits
are set to 1 at the same time.

The TTmn, TTmp, and TTmq bits automatically return
to 0 because they are trigger bits.

The TOEmp and TOEmq bits of slave channels are cleared to
0 and value is set to the TOmp and TOmq bits. ————

» TEmn, TEmp, TEmq = 0, and count operation stops.

The TCRmn, TCRmp, and TCRm(q registers hold
count value and stop.

The TOmp and TOmq output are not initialized but
hold current status.

t The TOmp and TOmq pins output the TOmp and TOmq
set levels.

To hold the TOmp and TOmq pin output levels
Clears the TOmp and TOmq bits to 0 after

the value to be held is set to the port register. ——» The TOmp and TOmq pin output levels are held by port

When holding the TOmp and TOmq pin output levels
are not necessary
Setting not required

The TAUMEN bit of the PERO register is cleared to 0. —

function.

Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOmp and TOmq bits are cleared to 0 and the
TOmp and TOmq pins are set to port mode.)

—{ Operation

start
During
operation

o

e}

@

2

=

=}

e

@

2]

c

3

@

Q
Operation
stop
TAU
stop

Remark

m: Unit number (m = 0), n: Channel number (n = 0)

p: Slave channel number, g: Slave channel number
n<p<q<3(Where p and q are integer greater than n)
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6.9 Cautions When Using Timer Array Unit

6.9.1 Cautions When Using Timer output

Depends on products, a pin is assigned a timer output and other alternate functions. In this case, outputs of the
other alternate functions must be set in initial status.

(1) Using TOO03 output assigned to the P31 for 30 to 32-pin products
So that the alternated PCLBUZO0 output becomes 0, not only set the port mode register (the PM31 bit) and
the port register (the P31 bit) to 0, but also use the bit 7 of the clock output select register 0 (CKSO0) with the
same setting as the initial status.
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CHAPTER 7 TIMER RJ

Timer RJ is a 16-bit timer that can be used for pulse output, external pulse width or period measurement, and counting
external events.

7.1 Overview

This 16-bit timer consists of a reload register and a down counter. The reload register and the down counter are
allocated to the same address, and they can be accessed by accessing the TRJO register.
Table 7 - 1 lists the Timer RJ Specifications. Figure 7 - 1 shows the Timer RJ Block Diagram.

Table 7 - 1 Timer RJ Specifications

Item Description
Operating | Timer mode The count source is counted.
modes Pulse output mode The count source is counted and the output is inverted at each underflow of the
timer.
Event counter mode An external event is counted.
Operation is possible in STOP mode.
Pulse width measurement mode An external pulse width is measured.
Pulse period measurement mode An external pulse period is measured.
Count source (Operating clock) fcik, feuk/2, feuk/8, fiL, or event input from the event link controller (ELC)
selectable
Interrupt * When the counter underflows.
* When the measurement of the active width of the external input (TRJIOO) is
completed in pulse width measurement mode.
* When the set edge of the external input (TRJIOO) is input in pulse period
measurement mode.
Selectable functions « Coordination with the event link controller (ELC).
Event input from the ELC is selectable as a count source.
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Figure 7 - 1 Timer RJ Block Diagram

TCK2to TCKO
=000B

o8 ﬂo

fowj2 —=0118 4

i Note 1 =1008B o

Event input from event link controller = 101B
(ELO)

fou

Data bus
TIOGT1and TIOGTO

s U

Event is always counted WKO_ — 16.61
Event is counted during polarity period specified for INTP4 "2 TOBO TMODO o reload
Event is counted during polarity period specified for timer output signal "2 = other than TSTART register
010B
TRDIODL ﬁo Underflow signal
TRDIOC1 : 05 RCCPSEL1 and 0 16-bit counter
TO02 ——-0  ROCPSELO =0108 ATRIO g;ger
TIPFLand TIPFO 1003 ——0 counter interrupt
=01B
fok
fod8 LOBO
c 16 TIPF1 and TIPFO TMOD2 to TMODO
fax/32 ———0 =01Bor 10B =011B or 1008
Digital One edge/ Counter
fiter [O both edges | | Polarity control
r switching [ selection circuit
I I Measuren_\ent
I: =008 TEpGPL  TEDGSEL complete signal
TRJIIOO pin
O P TMOD2 to TMODO = 001B Q
TEDGSEL =1 0—] ! CK
O~ Toggle flip-flop [«
TEDGSEL =0
6 CLR
Write to TRIMRO register
JTRIOO pin TOENA Wite 1 to TSTOP

TSTART, TSTOP: Bits in TRICRO register

TEDGSEL, TOENA, TIPFO, TIPF1, TIOGTO, TIOGTL: Bits in TRIIOCO register
TMODO to TMOD2, TEDGPL, TCKO to TCK2: Bits in TRIMRO register
RCCPSELO, RCCPSELL1: Bits in TRIISRO register

Note 1. When selecting fiL as the count source, set the WUTMMCKO bit in the operation speed mode control register (OSMC) to
1.
Note 2. The polarity can be selected by the RCCPSEL2 bit in the TRJISRO register.
7.2 I/O Pins

Table 7 - 2 lists the Timer RJ Pin Configuration.

Table 7 - 2 Timer RJ Pin Configuration

Pin Name lfe} Function
INTP4 Input External input for timer RJ
TRJIOQ Note Input/output External event input and pulse output for timer RJ
TRJOQ Note Output Pulse output for timer RJ
Note

The assignment of the TRJIOO pin is selected by bits PIOR12 and PIOR13 in the PIORL1 register. The assignment of the

TRJOO pin is selected by bits PIOR10 and PIOR11 in the PIOR1 register. Refer to CHAPTER 4 PORT FUNCTIONS for

details.
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7.3 Registers

Table 7 - 3 lists the Timer RJ Register Configuration.

Table 7 - 3 Timer RJ Register Configuration

Register Name Symbol After Reset Address Access Size
Peripheral I/O redirection register 1 PIOR1 O00H FO079H 8
Peripheral enable register 1 PER1 O00H FOO7AH 8
Operation speed mode control register OSMC O00H FOOF3H 8
Timer RJ counter register 0 Note TRJO FFFFH FO500H 16
Timer RJ control register 0 TRJCRO O00H F0240H 8
Timer RJ I/O control register 0 TRJIOCO O0H F0241H 8
Timer RJ mode register 0 TRIMRO 00H F0242H 8
Timer RJ event pin select register 0 TRJISRO O0H F0243H 8
Port register 0 PO OOH FFFOOH 8
Port register 3 P3 00H FFFO3H 8
Port register 4 P4 OOH FFFO4H 8
Port register 5 P5 00H FFFO5H 8
Port mode register 0 PMO FFH FFF20H 8
Port mode register 3 PM3 FFH FFF23H 8
Port mode register 4 PM4 FFH FFF24H 8
Port mode register 5 PM5 FFH FFF25H 8
Note When the TRJO register is accessed, the CPU does not proceed to the next instruction processing but enters the wait

state for CPU processing. For this reason, if this wait state occurs, the number of instruction execution clocks is
increased by the number of wait clocks. The number of wait clocks for access to the TRJO register is one clock for both

writing and reading.
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7.3.1 Peripheral enable register 1 (PER1)

The PER1 register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to
the hardware that is not used is also stopped so as to decrease the power consumption and noise.
To use Timer RJ, be sure to set bit 0 (TRJOEN) to 1.

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

Figure 7 - 2 Format of Peripheral enable register 1 (PER1)

Address: FOO7AH After reset: 0OH R/W
Symbol 7 6 5 <4> 3 2 1 <0>
PER1 0 0 0 TRDOEN 0 0 0 TRJOEN
TRJOEN Control of timer RJO input clock supply
0 Stops input clock supply.

* SFR used by timer RJO cannot be written.
» Timer RJO is in the reset status.

1 Enables input clock supply.
* SFR used by timer RJO can be read and written.

Caution 1. When setting timer RJ, be sure to set the TRJOEN bit to 1 first. If TRIOEN = 0, writing to a control
register of timer RJ is ignored, and all read values are default values (except for port mode registers
0, 3 (PMO, PM3), and port registers 0, 3 (PO, P3)).

Caution 2. Be sure to set the following bits to O:
Bits 1to 3and 5to 7
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7.3.2  Operation speed mode control register (OSMC)

The WUTMMCKO bit can be used to select the timer RJ operation clock.
The OSMC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to OOH.

Figure 7 - 3 Format of Operation speed mode control register (OSMC)

Address: FOOF3H After reset: 0OH R/W
Symbol 7 6 5 4 3 2 1 0
OSMC 0 0 0 WUTMMCKO | 0 | 0 0 0
WUTMMCKO Selection of operation clock (frtc) for 12-bit interval timer and timer RJ
0 Setting prohibited
1 Low-speed on-chip oscillator clock (fiL)
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7.3.3  Timer RJ counter register 0 (TRJO), Timer RJ Reload Register

TRJO is a 16-bit register. The write value is written to the reload register and the read value is read from the

counter.

The states of the reload register and the counter are changed depending on the TSTART bit in the TRICRO

register. For details, see 7.4.1 Reload Register and Counter Rewrite Operation.

Figure 7 - 4 Format of Timer RJ counter register 0 (TRJO), Timer RJ Reload Register

Address: FO500H

Symbol 15

After Reset: FFFFH

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

wo| -]l =-]=]=]=]=]=]=]=]=]=]=]=]

Function Setting Range R/W

Bits 15t0 0 | 16-bit counter and reload register Notes 1, 2, 3 0000H to FFFFH | R/W

Note 1.

Note 2.
Note 3.

Caution

When 1 is written to the TSTOP bit in the TRICRO register, the 16-bit counter is forcibly stopped and set to
FFFFH.

The TRJO register must be accessed in 16-bit units. Do not access this register in 8-bit units.

When the setting of bits TCK2 to TCKO in the TRIMRO register is other than 001B (fcLk/8) or 011B (fcLk/2), if
the TRJO register is set to 0000H, a request signal to the event link controller (ELC) is generated only once
immediately after the count starts. starts. However, the TRJO0 and TRJIOO output is toggled.

When the TRJO register is set to 0000H in event counter mode, regardless of the value of bits TCK2 to TCKO,
a request signal to the ELC is generated only once immediately after the count starts.

In addition, the TRJOO output is toggled even during a period other than the specified count period.

When the TRJO register is set to 0000H or a higher value, a request signal is generated each time TRJ
underflows.

When the TRJO register is accessed, the CPU does not proceed to the next instruction processing
but enters the wait state for CPU processing. For this reason, if this wait state occurs, the number of
instruction execution clocks is increased by the number of wait clocks. The number of wait clocks for
access to the TRJO register is one clock for both writing and reading.
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7.3.4

Timer RJ control register 0 (TRJCRO)

Address: F0240H

Symbol

TRJICRO

Figure 7 - 5 Format of Timer RJ control register 0 (TRICRO)

After Reset: 00H

7 6 5 4 3 2 1 0
— — TUNDF TEDGF — TSTOP TCSTF TSTART
Bits 7to 6 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
TUNDF Timer RJ underflow flag Note 1 R/W
0 No underflow R/W
1 Underflow
[Condition for setting to 0]
« When 0 is written to this bit by a program.
[Condition for setting to 1]
* When the counter underflows.
TEDGF Active edge judgement flag Note 1 R/W
0 No active edge received R/W
1 Active edge received
[Condition for setting to O]
« When 0 is written to this bit by a program.
[Conditions for setting to 1]
« When the measurement of the active width of the external input (TRJIO) is completed in pulse width
measurement mode.
« The set edge of the external input (TRJIO) is input in pulse period measurement mode.
Bit 3 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
TSTOP Timer RJ count forced stop Note 2 R/W
When 1 is written to this bit, the count is forcibly stopped. The read value is 0. W
TCSTF Timer RJ count status flag Note 3 R/W
0 Count stops R
1 Count in progress
[Conditions for setting to 0]
* When 0 is written to the TSTART bit (the TCSTF bit is set to 0 in synchronization with the count
source).
* When 1 is written to the TSTOP bit.
[Condition for setting to 1]
* When 1 is written to the TSTART bit (the TCSTF bit is set to 1 in synchronization with the count
source).
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TSTART Timer RJ count start Note 3 RIW
0 Count stops R/W
1 Count starts

Count operation is started by writing 1 to the TSTART bit and stopped by writing 0. When the TSTART
bit is set to 1 (count starts), the TCSTF bit is set to 1 (count in progress) in synchronization with the
count source. Also, after 0 is written to the TSTART bit, the TCSTF bit is set to 0 (count stops) in
synchronization with the count source. For details, see 7.5.1 Count Operation Start and Stop Control.

Note 1. The TRJICRO register can be set by an 8-bit memory manipulation instruction.

Note 2. When 1 (count is forcibly stopped) is written to the TSTOP bit, bits TSTART and TCSTF are initialized at the
same time. The pulse output level is also initialized.

Note 3. For notes on using bits TSTART and TCSTF, see 7.5.1 Count Operation Start and Stop Control.
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7.3.5 Timer RJ I/O control register 0 (TRJIOCO)

Figure 7 - 6 Format of Timer RJ 1/O control register 0 (TRJIOCO)

Address: F0241H After Reset: 00H
Symbol 7 6 5 4 3 2 1 0
TRJIOCO| TIOGT1 TIOGTO TIPF1 TIPFO — TOENA — TEDGSEL
TIOGT1 TIOGTO TRJIO count control Notes 1, 2 RIW
0 0 Event is always counted R/W
0 1 Event is counted during polarity period specified for INTP4
1 0 Event is counted during polarity period specified for timer output signal
1 1 Do not set.

Note 1. When INTP4 or the timer output signal is used, the polarity to count an event can be selected by the
RCCPSEL2 bit in the TRJISRO register.
Note 2. Bits TIOGTO and TIOGT1 are enabled only in event counter mode.

TIPF1 TIPFO TRJIO input filter select R/W
0 0 No filter RIW
0 1 Filter sampled at fcLk
1 0 Filter sampled at fcLk/8
1 1 Filter sampled at fcLk/32

These bits are used to specify the sampling frequency of the filter for the TRJIO input. If the input to the
TRJIOO pin is sampled and the value matches three successive times, that value is taken as the input

value.
Bit 3 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
TOENA TRJO output enable R/W
0 TRJO output disabled (port) R/W
1 TRJO output enabled
Bit 1 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
TEDGSEL I/O polarity switch R/W
Function varies depending on the operating mode (see Tables 7 - 4 and 7 - 5). The TEDGSEL bit is R/W

used to switch the TRJO output polarity and the TRJIO I/O edge and polarity. In pulse output mode, only
the inversion/non-inversion of toggle flip-flop is controlled. The toggle flip-flop is initialized when the
TRJIMRO register is written or 1 is written to the TSTOP bit in the TRICRO register.
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Table 7 - 4 TRJIO I/0O Edge and Polarity Switching

Operating Mode Function

Timer mode Not used (I/O port)

Pulse output mode : Output is started at high (Initialization level: High)

: Output is started at low (Initialization level: Low)

Event counter mode : Count at rising edge

: Count at falling edge

: Low-level width is measured
: High-level width is measured

Pulse width measurement mode

Pulse period measurement mode : Measure from one rising edge to the next rising edge

: Measure from one falling edge to the next falling edge

 O|Fr O|Fr O|Fr O

Table 7 - 5 TRJO Output Polarity Switching

Operating Mode Function

All modes 0: Output is started at low (Initialization level: Low)
1: Output is started at high (Initialization level: High)
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7.3.6  Timer RJ mode register 0 (TRIMRO)

Figure 7 - 7 Format of Timer RJ mode register 0 (TRIMRO)

Address: F0242H After Reset: 00H

Symbol 7 6 5 4 3 2 1 0
TRIMRO — TCK2 TCK1 TCKO TEDGPL TMOD2 TMOD1 TMODO
Bit 7 Nothing is assigned RIW
— The write value must be 0. The read value is 0. R
TCK2 TCK1 TCKO Timer RJ count source select Notes 1,2 R/W
0 0 0 feLk RIW
0 0 1 fcLk/8
0 1 1 foLk/2
1 0 0 fi Note 4
1 0 1 Event input from event link controller (ELC)
1 1 0 Do not set.
Other than above Setting prohibited
TEDGPL TRJIO edge polarity select Note 5 R/W
0 One edge R/W
1 Both edges
TMOD2 TMOD1 TMODO Timer RJ operating mode select Note 3 RIW
0 0 0 Timer mode R/W
0 0 1 Pulse output mode
0 1 0 Event counter mode
0 1 1 Pulse width measurement mode
1 0 0 Pulse period measurement mode
Other than above Setting prohibited
Note 1. When event counter mode is selected, the external input (TRJIO) is selected as the count source regardless
of the setting of bits TCKO to TCK2.
Note 2. Do not switch count sources during count operation. Count sources should be switched when both the
TSTART and TCSTF bits in the TRICRO register are set to 0 (count stops).
Note 3. The operating mode can be changed only when the count is stopped while both the bits TSTART and TCSTF
in the TRICRO register are set to 0 (count stops). Do not change the operating mode during count operation.
Note 4. When selecting fiL as the count source, set the WUTMMCKO bit in the operation speed mode register
(OSMC) to 1.
Note 5. The TEDGPL bit is enabled only in event counter mode.
Note 6. Write access to the TRIMRO register initializes the output from pins TRJO0 and TRJIOO of timer RJ.

For details on the output level at initialization, refer to the description shown below Figure 7 - 6 Format of
Timer RJ I/O control register 0 (TRJIOCO).
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7.3.7 Timer RJ event pin select register 0 (TRJISRO)

Figure 7 - 8 Format of Timer RJ event pin select register 0 (TRJISRO)

Address: F0243H After Reset: 00H

Symbol 7 6 5 4 3 2 1 0
TRJISRO — — — — — RCCPSEL2 | RCCPSEL1 | RCCPSELO
Note Note Note
Bit7to3 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
RCCPSEL2 Timer output signal and INTP4 polarity selection R/W
Note
0 An event is counted during the low-level period R/W
1 An event is counted during the high-level period
RCCPSEL1 | RCCPSELO Timer output signal selection R/W
Note Note
0 0 TRDIOD1 RIW
0 1 TRDIOC1
1 0 TOO02
1 1 TOO03

Note

Bits RCCPSELO to RCCPSEL2 are enabled only in event counter mode.
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7.3.8 Port mode registers 0, 3 (PMO, PM3)

These registers set input/output of ports 0, 3, 4, 5 in 1-bit units.
When using the ports (PO1/TRJIO0, P30/TRJOO, etc.) to be shared with the timer output pin for timer output, set
the port mode register (PMxx) bit and port register (Pxx) bit corresponding to each port to 0.

Example: When using PO1/TRJIOO for timer output
Set the PMOL1 bit of port mode register 0 to 0.
Set the P01 bit of port register 0 to 0.

When using the ports (PO1/TRJIOO, etc.) to be shared with the timer input pin for timer input, set the port mode
register (PMxx) bit corresponding to each port to 1. At this time, the port register (Pxx) bit may be 0 or 1.

Example: When using PO1/TRJIOO for timer input

Set the PMO1 bit of port mode register O to 1.
Set the P01 bit of port register 0 to O or 1.

The PMO, PM3 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 7 - 9 Format of Port Mode Registers 0, 3 (PMO0, PM3)

Address: FFF20H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PMO 1 1 1 1 1 1 PMO1 PMO0O
Address: FFF23H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM3 1 1 | 1 | 1 1 | 1 |  PMm3L PM30
PMmn Pmn pin 1/O mode selection (m =0, 3;n=0, 1)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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7.4 Operation

7.4.1 Reload Register and Counter Rewrite Operation

Regardless of the operating mode, the timing of the rewrite operation to the reload register and the counter
differs depending on the value in the TSTART bit in the TRICRO register. When the TSTART bit is 0 (count
stops), the count value is directly written to the reload register and the counter. When the TSTART bit is 1 (count
starts), the value is written to the reload register in synchronization with the count source, and then to the counter
in synchronization with the next count source.

Figure 7 - 10 shows the Timing of Rewrite Operation with TSTART Bit Value.

Figure 7 - 10 Timing of Rewrite Operation with TSTART Bit Value

Write 1 to TSTART bit in TRICRO register by a program

Write 5678H to TRJO register by a program l Write 1234H to TRJO register by a program

Register write clock ” ” ”

TSTART bit in TRICRO |
register

TRIOregister  FFFFH | 5678H | 1234H

Reload register load signal ”

Reload register load clock ” —U
Counter load signal ” N
Counter load clock |_| —|_
Reload register FFFFH | 5678H 1234H
Timer RJO counter FFFFH | 5678H 5677»-{5676»—{5675H|5674H|5673H|5672H|5671H|5670, 566+ 1234H|1233H|1232H|1z31>—{123o>—{
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7.4.2 Timer Mode

In this mode, the counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMRO
register.

In timer mode, the count value is decremented by 1 each time the count source is input. When the count value
reaches 0000H and the next count source is input, an underflow occurs and an interrupt request is generated.
Figure 7 - 11 shows the Operation Example in Timer Mode.

Figure 7 - 11 Operation Example in Timer Mode

Count source I
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T T
1 1
] . ]
i Counter reloading occurs !

Timer RJO counter @OZFQF{OZFBF{OZ!—7)-{1010}-{1009—{100E)—i hanaed I fatad |DOOO)-{1010)-{100FH|100E)-{100D}-{100C)—{1008}-{
]

TUNDF bit in
TRJICRO register

An underflow Setto O by a
occurs program

Iﬁ

Acknowledgement of an interrupt request

IF bit in INTC register
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7.4.3 Pulse Output Mode

In this mode, the counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMRO
register, and the output level of pins TRJIO and TRJO pin is inverted each time an underflow occurs.

In pulse output mode, the count value is decremented by 1 each time the count source is input. When the count
value reaches 0000H and the next count source is input, an underflow occurs and an interrupt request is
generated.

In addition, a pulse can be output from pins TRJIO0 and TRJOO. The output level is inverted each time an
underflow occurs. The pulse output from the TRJOO pin can be stopped by the TOENA bit in the TRJIOCO
register.

Also, the output level can be selected by the TEDGSEL bit in the TRJIOCO register.

Figure 7 - 12 shows the Operation Example in Pulse Output Mode.

Figure 7 - 12 Operation Example in Pulse Output Mode
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1 1 1
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: : : :
Reload register FFFFH | 0002H H | 0004H
1
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1
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Note 1: The TRJIOO pin becomes high impedance by output enable control on the port selected as the TRJIO function.
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7.4.4 Event Counter Mode

In this mode, the counter is decremented by an external event signal (count source) input to the TRJIOO pin.
Various periods for counting events can be set by bits TIOGTO and TIOGT1 in the TRJIOCO register and the
TRJISRO register. In addition, the filter function for the TRJIOO input can be specified by bits TIPFO and TIPF1 in
the TRJIOCO register.

Also, the output from the TRJOO pin can be toggled even in event counter mode.

When event counter mode is used, see 7.5.5 Procedure for Setting Pins TRJOO0 and TRJIOO.

Figure 7 - 13 shows the Operation Example 1 in Event Counter Mode.

Figure 7 - 13 Operation Example 1 in Event Counter Mode
Event counter mode is entered
y

Bits TMOD2 to TMODO
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TRJIOO pin TC‘ |—| ﬁ

eventinput ___ [ L 1 L e oo
Timer RJO counter FFFFH | FFFEH | FFFDH [ | 0000H | FFFFH | FFFEH

. Counter initial value is set
TUNDF bit in

.

A

TRJCRO register

Set to 0 by a program

IF bitin

1
]
:
1
1
]
1
1
1
H
INTC register !

,_l
*

Acknowledgement of an interrupt request

Figure 7 - 14 shows an operation example for counting during the specified period in event counter mode (bits
TIOGTL1 and TIOGTO in the TRJIOO register are set to 01B or 10B).

Figure 7 - 14 Operation Example 2 in Event Counter Mode

Timing example when the setting of operating mode is as follows:
TRJIMRO register: TMOD2, 1, 0 = 010B (event counter mode)
TRJIOCO register: TIOGT1, 0 = 01B (event is counted during specified period for external interrupt pin)
TIPF1, 0 = 00B (no filter)
TEDGSEL = 0 (count at rising edge)
TRJISRO register: RCCPSEL2 = 1 (high-level period is counted)

TSTART bitin
TRJCRO register Event input starts
Note 2
S FRac0pi A N A )
TRJIOO pin

Note 1
INTP4 or
timer output signal
Timer RJ0 counter FFFFH | Frren] FrFoH | FFFCH | Frren | Frran | FrFon [ Frren

Y

The counter initial value is set

The following notes apply only when bits TIOGT1 and TIOGTO in the TRJIOCO register are 01B or 10B for the setting of operating

mode in event count mode.

Note 1. To control synchronization, there is a delay of two cycles of the count source until count operation is affected.

Note 2. Count operation may be performed for two cycles of the count source immediately after the count is started, depending
on the previous state before the count is stopped.
To disable the count for two cycles immediately after the count is started, write 1 to the TSTOP bit in the TRICRO register
to initialize the internal circuit, and then make operation settings before starting count operation.
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7.4.5 Pulse Width Measurement Mode

In this mode, the pulse width of an external signal input to the TRJIOO pin is measured.
When the level specified by the TEDGSEL bit in the TRJIIOCO register is input to the TRJIOO pin, the decrement
is started with the selected count source. When the specified level on the TRJIOO pin ends, the counter is

stopped, the TEDGF bit in the TRICRO register is set to 1 (active edge received), and an interrupt request is

generated. The measurement of pulse width data is performed by reading the count value while the counter is

stopped. Also, when the counter underflows during measurement, the TUNDF bit in the TRICRO register is set to

1 (underflow) and an interrupt request is generated.

Figure 7 - 15 shows the Operation Example in Pulse Width Measurement Mode.
When accessing bits TEDGF and TUNDF in the TRJICRO register, see 7.5.2 Access to Flags (Bits TEDGF and

TUNDF in TRICRO Register).

Figure 7 - 15 Operation Example in Pulse Width Measurement Mode
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7.4.6 Pulse Period Measurement Mode

In this mode, the pulse period of an external signal input to the TRJIOO pin is measured.

The counter is decremented by the count source selected by bits TCKO to TCK2 in the TRIMRO register. When a
pulse with the period specified by the TEDGSEL bit in the TRJIOCO register is input to the TRJIOO pin, the count
value is transferred to the read-out buffer at the rising edge of the count source. The value in the reload register
is loaded to the counter at the next rising edge. Simultaneously, the TEDGF bit in the TRIJCRO register is set to 1
(active edge received) and an interrupt request is generated. The read-out buffer (TRJO register) is read at this
time and the difference from the reload value is the period data of the input pulse. The period data is retained
until the read-out buffer is read. When the counter underflows, the TUNDF bit in the TRJICRO register is setto 1
(underflow) and an interrupt request is generated.

Figure 7 - 16 shows the Operation Example in Pulse Period Measurement Mode.

Only input pulses with a period longer than twice the period of the count source. Also, the low-level and high-
level widths must be both longer than the period of the count source. If a pulse period shorter than these
conditions is input, the input may be ignored

Figure 7 - 16 Operation Example in Pulse Period Measurement Mode
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IF bit in l I (Note 5)
INTC register +
; Acknowledgement of an interrupt request

This example applies when the initial value of the TRJO register is set to 0300H, the TEDGSEL bit in the TRJIOCO register is set to 0,
and the period from one rising edge to the next edge of the measurement pulse is measured.

Read signal of counter

1

1
]
]
]
1
(Note 2)  O2FEH 4Note 2
1
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]
]

02F7H
Read data

|

TEDGF bit in (Note 3) l_ (Note 3) I_
TRJCRO register
A
Set to 0 by a program ——4——

(Note 4)

»

TUNDF bit in
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Note 1. Reading from the TRJO register must be performed during the period from when the TEDGF bit is set to 1 (active edge
received) until the next active edge is input. The content of the read-out buffer is retained until the TRJO register is read.
If it is not read before the active edge is input, the measurement result of the previous period is retained.

Note 2. When the TRJO register is read in pulse period measurement mode, the content of the read-out buffer is read.

Note 3. When the active edge of the measurement pulse is input and then the set edge of an external pulse is input, the TEDGF
bit in the TRICRO register is set to 1 (active edge received).

Note 4. To set to 0 by a program, write 0 to the TEDGF bit in the TRICRO register using an 8-bit memory manipulation instruction.

Note 5. To set to 0 by a program, write O to the TUNDF bit in the TRICRO register using an 8-bit memory manipulation instruction.
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7.4.7 Coordination with Event Link Controller (ELC)

Through coordination with the ELC, event input from the ELC can be set to be the count source. Bits TCKO to
TCK2 in the TRIMRO register count at the rising edge of event input from the ELC. However, ELC input does not
function in event counter mode.

The ELC setting procedure is shown below:

 Procedure for starting operation

(1) Setthe event output destination select register (ELSELRN) for the event link controller (ELC).
(2) Set the operating mode for the event generation source.

(3) Set the mode for timer RJ.

(4) Start the count operation of timer RJ.

(5) Start the operation of the event generation source.

 Procedure for stopping operation

(1) Stop the operation of the event generation source.

(2) Stop the count operation of timer RJ.

(3) Setthe event output destination select register (ELSELRN) for the event link controller (ELC) to 0.

7.4.8  Output Settings for Each Mode
Table 7 - 6 and Table 7 - 7 list the states of pins TRJOO and TRJIOO in each mode.

Table 7 - 6 TRJOO Pin Setting

Jun 20, 2012

Operating Mode TRIOCO Register TRJOO Pin Output
TOENA Bit TEDGSEL Bit
All modes 1 1 Inverted output
0 Normal output
0 Oorl Output disabled
Table 7 - 7 TRJIOO Pin Setting
TRJIOCO Register
Operating Mode TRJIOO Pin 1/O
PMXX Bit Note TEDGSEL Bit
Timer mode Oor1l Oorl Input (Not used)
Pulse output mode 1 Oorl Output disabled (Hi-z output)
0 1 Normal output
0 Inverted output
Event counter mode 1 Oor1l Input
Pulse width measurement mode
Pulse period measurement mode
Note The port mode register (PMxx) bit corresponding to port multiplexed with TRJIOO0 function.
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7.5 Notes on Timer RJ

751 Count Operation Start and Stop Control

* When event count mode is set or the count source is set to other than the ELC

After 1 (count starts) is written to the TSTART bit in the TRICRO register while the count is stopped, the TCSTF
bit in the TRJICRO register remains 0 (count stops) for three cycles of the count source. Do not access the
registers associated with timer RJ Note other than the TCSTF bit until this bit is set to 1 (count in progress).

After O (count stops) is written to the TSTART bit during a count operation, the TCSTF bit remains 1 for three
cycles of the count source. When the TCSTF bit is set to 0, the count is stopped. Do not access the registers
associated with timer RJ Note gther than the TCSTF bit until this bit is set to 0.

Clear the interrupt register before changing the TATART bit from 0 to 1. Refer to CHAPTER 15 INTERRUPT
FUNCTIONS for details.

Note Registers associated with timer RJ: TRJO, TRJCRO, TRJIOCO, TRIMRO, and TRJISRO

* When event count mode is set or the count source is set to the ELC

After 1 (count starts) is written to the TSTART bit in the TRICRO register while the count is stopped, the TCSTF
bit in the TRJICRO register remains 0 (count stops) for two cycles of the CPU clock. Do not access the registers
associated with timer RJ Note other than the TCSTF bit until this bit is set to 1 (count in progress).

After O (count stops) is written to the TSTART bit during a count operation, the TCSTF bit remains 1 for two
cycles of the CPU clock. When the TCSTF bit is set to 0, the count is stopped. Do not access the registers
associated with timer RJ Noté gther than the TCSTF bit until this bit is set to 0.

Clear the interrupt register before changing the TATART bit from 0 to 1. Refer to CHAPTER 15 INTERRUPT
FUNCTIONS for details.

Note Registers associated with timer RJ: TRJO, TRJCRO, TRJIOCO, TRIMRO, and TRJISRO

7.5.2  Access to Flags (Bits TEDGF and TUNDF in TRICRO Register)

Bits TEDGF and TUNDF in the TRJCRO register are set to 0 by writing 0 by a program, but writing 1 to these bits
has no effect. If a read-modify-write instruction is used to set the TRICRO register, bits TEDGF and TUNDF may
be erroneously set to 0 depending on the timing, even when the TEDGF bit is set to 1 (active edge received) and
the TUNDF bit is set to 1 (underflow) during execution of the instruction. Use an 8-bit memory manipulation
instruction to access to the TRIJCRO register.

7.5.3 Access to Counter Register

When bits TSTART and TCSTF in the TRICRO register are both 1 (count starts), allow at least three cycles of the
count source clock between writes when writing to the TRJO register successively.

754 When Changing Mode

The registers associated with timer RJ operating mode (TRJIOCO, TRIMRO, and TRJISRO0) can be changed only
when the count is stopped with both the TSTART and TCSTF bits set to 0 (count stops). Do not change these
registers during count operation.

When the registers associated with timer RJ operating mode are changed, the values of bits TSTART and
TCSTF are undefined. Write 0 (no active edge received) to the TEDGF bit and 0 (no underflow) to the TUNDF bit
before starting the count.
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7.5.5 Procedure for Setting Pins TRJOO and TRJIOO
After a reset, the I/O ports multiplexed with pins TRJO0 and TRJIOO function as input ports.

To output from pins TRJIOO0 and TRJIOO, use the following setting procedure:

Changing procedure

(1) Setthe mode.

(2) Set the initial value/output enabled.

(3) Set the port register bits corresponding to pins TRJO0 and TRJIOO to O.

(4) Setthe port mode register bits corresponding to pins TRJO0 and TRJIOO to output mode.
(Output is started from pins TRJO0 and TRJIOO0)

(5) Start the count (TSTART in TRJCRO register = 1).

To input from the TRJIOO pin, use the following setting procedure:

(1) Setthe mode.

(2) Setthe initial value/edge selected.

(3) Setthe port mode register bit corresponding to TRJIOO pin to input mode.
(Input is started from the TRJIOO pin)

(4) Start the count (TSTART in TRIMRO register = 1).

(5) Wait until the TCSTF bit in the TRICRO register is set to 1 (count in progress).
(In event counter mode only)

(6) Input an external event from the TRJIOO pin.

(7) The processing on completion of the first measurement is invalid (the measured value is valid for the
second and subsequent times). (In pulse width measurement mode and pulse period measurement mode

only)

7.5.6 When Timer RJ is not Used

When timer RJ is not used, set bits TMOD2 to TMODO in the TRIMRO register to 000B (timer mode) and set the
TOENA bit in the TRJIOCO register to 0 (TRJO output disabled).

7.5.7 When Timer RJ Operating Clock is Stopped

Supplying or stopping the timer RJ clock can be controlled by the TRJOEN bit in the PER1 register. Note that the
following SFRs cannot be accessed while the timer RJ clock is stopped. Make sure the timer RJ clock is supplied
before accessing any of these registers.

Registers TRJO, TRICRO, TRIMRO, TRJIOCO, and TRJISRO.

7.5.8 Procedure for Setting STOP Mode (Event Counter Mode)

To perform event counter mode operation during STOP mode, first supply the timer RJ clock and then use the
following procedure to enter STOP mode.

Setting procedure

(1) Setthe operating mode.

(2) Startthe count (TSTART =1, TCSTF = 1).

(3) Stop supplying the timer RJ clock.

To stop event counter mode operation during STOP mode, use the following procedure to stop operation.
(1) Supply the timer RJ clock.
(2) Stop the count (TSTART =0, TCSTF =0)
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7.5.9  Functional Restriction in STOP Mode (Event Counter Mode Only)

When event counter mode operation is performed during STOP mode, the digital filter function cannot be used.

7.5.10 When Count is Forcibly Stopped by TSTOP Bit

After the counter is forcibly stopped by the TSTOP bit in the TRICRO register, do not access the following SFRs
for one cycle of the count source.
Registers TRJO, TRIJCRO, and TRIMRO

7.5.11 Digital Filter

When the digital filter is used, do not start timer operation for five cycles of the digital filter clock after setting bits
TIPF1 and TIPFO.

Also, do not start timer operation for five cycles of the digital filter clock when the TEDGSEL bit in the TRJIOC
register is changed while the digital filter is used.

7.5.12 When Selecting fiL as Count Source

When selecting fiL as the count source, set the WUTMMCKO bit in the operation speed mode control register
(OSMC) to 1.
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CHAPTER 8 TIMER RD

Timer RD contains two 16-bit timers (timer RDO and timer RD1).

8.1 Overview

Timer RDO and timer RD1 have four 1/O pins.
The operating clock for timer RD is fcLk or fHOCO.

Figure 8 - 1 shows the Timer RD Block Diagram and Table 8 - 1 lists the Timer RD Pin Configuration.

Timer RD has four modes:

« Timer mode
- Input capture function Transfer the counter value to a register with an external signal as the trigger
- Output compare function Detect register value matches with a counter (Pin output can be changed at detection)
- PWM function Output pulse of any width continuously

The following three modes use the PWM function.
* Reset synchronous PWM mode  Output three-phase waveforms (6) without sawtooth wave modulation and

dead time

« Complementary PWM mode Output three-phase waveforms (6) with triangular wave modulation and dead
time

« PWM3 mode Output PWM waveforms (2) with a fixed period

The timer mode input capture function, output compare function, and PWM function are equivalent in timer RDO and
timer RD1, and these functions can be selected individually for each pin. Also, a combination of these functions can
be used in timer RDO and timer RD1.

In reset synchronous PWM mode, complementary PWM mode, and PWM3 mode, a waveform is output with a
combination of counters and registers in timer RDO and timer RD1. Pin functions depend on the mode.
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r—- Timer RDi —-

Figure 8 - 1 Timer RD Block Diagram
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Table 8 - 1 Timer RD Pin Configuration
Pin Name Assigned Pin 1/0 Function
TRDIOAO/TRDCLKO P17 Input/Output Function varies depending on the mode.
TRDIOBO P15 Input/Output Refer to descriptions of individual modes for details.
TRDIOCO P16 Input/Output
TRDIODO P14 Input/Output
TRDIOAL P13 Input/Output
TRDIOB1 P12 Input/Output
TRDIOC1 P11 Input/Output
TRDIOD1 P10 Input/Output
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8.2 Registers

Table 8 - 2 lists the Timer RD Register Configuration.

Table 8 - 2 Timer RD Register Configuration

Register Name Symbol After Reset Address Access Size
Peripheral enable register 1 PER1 00H FOO7AH 8
Timer RD ELC register TRDELC 0O0H Note F0260H 8
Timer RD start register TRDSTR OCH Note FO0263H 8
Timer RD mode register TRDMR 00H Note F0264H 8
Timer RD PWM function select register TRDPMR 00H Note F0265H 8
Timer RD function control register TRDFCR 80H Note FO0266H 8
Timer RD output master enable register 1 TRDOER1 FFH Note F0267H 8
Timer RD output master enable register 2 TRDOER2 0O0H Note F0268H 8
Timer RD output control register TRDOCR 00H Note F0269H 8
Timer RD digital filter function select register 0 TRDDFO 00H Note FO026AH 8
Timer RD digital filter function select register 1 TRDDF1 OO0H Note F026BH 8
Timer RD control register 0 TRDCRO 00H Note F0270H 8
Timer RD I/O control register AQ TRDIORAO 00H Note FO271H 8
Timer RD /O control register CO TRDIORCO 88H Note F0272H 8
Timer RD status register 0 TRDSRO 00H Note F0273H 8
Timer RD interrupt enable register 0 TRDIERO 0OQH Note FO0274H 8
'rl';r;ztrelflg PWM function output level control TRDPOCRO 00H Note FO275H 8
Timer RD counter 0 TRDO 0000H Note FO276H 16
Timer RD general register AO TRDGRAO FFFFH Note F0278H 16
Timer RD general register BO TRDGRBO FFFFH Note F027AH 16
Timer RD general register CO TRDGRCO FFFFH Note FFF58H 16
Timer RD general register DO TRDGRDO FFFFH Note FFF5AH 16
Timer RD control register 1 TRDCR1 OO0H Note F0280H 8
Timer RD /O control register A1 TRDIORA1 00H Note F0281H 8
Timer RD I/O control register C1 TRDIORC1 88H Note F0282H 8
Timer RD status register 1 TRDSR1 0O0H Note F0283H 8
Timer RD interrupt enable register 1 TRDIER1 00H Note F0284H 8
'rr;r;(satreljli PWM function output level control TRDPOCRL 00H Note FO285H 8
Timer RD counter 1 TRD1 000QH Note F0286H 16
Timer RD general register Al TRDGRAL1 FFFFH Note F0288H 16
Timer RD general register B1 TRDGRB1 FFFFH Note FO28AH 16
Timer RD general register C1 TRDGRC1 FFFFH Note FFF5CH 16
Timer RD general register D1 TRDGRD1 FFFFH Note FFF5EH 16
Port register 1 P1 OOH FFFO1H 8
Port mode register 1 PM1 FFH FFF21H 8
Note The timer RD SFRs are undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in the PER1

register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
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8.2.1 Peripheral enable register 1 (PER1)

The PER1 register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to
the hardware that is not used is also stopped so as to decrease the power consumption and noise.

To use timer RD, be sure to set bit 4 (TRDOEN) to 1.

The PERL1 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to OOH.

Figure 8 - 2 Format of Peripheral enable register 1 (PER1)

Address: FOO7AH After Reset: 00H R/W

Symbol 7 6 5 <4> 3 2 1 <0>
PER1 0 0 0 TRDOEN 0 0 0 TRJOEN
TRDOEN Control of timer RD input clock supply
0 Stops input clock supply.

» SFR used by timer RD cannot be written.
» Timer RD is in the reset status.

1 Enables input clock supply.
* SFR used by timer RD can be read and written.

Caution 1. When setting timer RD, be sure to set the TRDOEN bit to 1 first. If TRDOEN = 0, writing to a control
register of timer RD is ignored, and all read values are default values (except for port mode register 1
(PM1), and port register 1 (P1)).

Caution 2. Be sure to set the following bits to O:
Bits 1to 3and 5to 7

Caution 3. When selecting fHoco as the count source for timer RD, set fcLk to fiH before setting bit 4 (TRDOEN) in
peripheral enable register 1 (PER1). When changing fcLk to a clock other than fiH, clear bit 4
(TRDOEN) in peripheral enable register 1 (PER1) before changing.
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8.2.2

Timer RD ELC register (TRDELC)

Address: F0260H

Figure 8 - 3 Format of Timer RD ELC register (TRDELC)

After Reset: 00H Note

Symbol 7 6 5 4 3 2 1 0
TRDELC — — ELCOBE1 ELCICE1 — — ELCOBEO ELCICEO
Bits 7 to 6 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
ELCOBE1 ELC event input 1 enable for timer RD pulse output forced cutoff RIW
0 Forced cutoff is disabled R/W
1 Forced cutoff is enabled
ELCICE1 ELC event input 1 select for timer RD input capture D1 R/W
0 Input capture D1 is selected R/W
1 Event input 1 from the event link controller (ELC) is selected
Bits 3 to 2 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
ELCOBEO ELC event input O enable for timer RD pulse output forced cutoff R/W
0 Forced cutoff is disabled R/W
1 Forced cutoff is enabled
ELCICEO ELC event input O select for timer RD input capture DO R/W
0 Input capture DO is selected R/W
1 Event input 0 from the event link controller (ELC) is selected
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
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8.2.3  Timer RD start register (TRDSTR)

The TRDSTR register can be set by an 8-bit memory manipulation instruction. See 8.5.1 (1) TRDSTR Register
in the usage notes on timer RD.

Figure 8 - 4 Format of Timer RD start register (TRDSTR)

Address: FO263H After Reset: 0CH Note 1
Symbol 7 6 5 4 3 2 1 0
TRDSTR — — — — CSEL1 CSELO TSTART1 TSTARTO
Bits 7to 4 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
CSEL1 TRDL1 count operation select Note 2 R/W
0 Count stops at compare match with TRDGRAL register R/W
1 Count continues after compare match with TRDGRAL register Note 3
CSELO TRDO count operation select R/W
0 Count stops at compare match with TRDGRAGO register R/W
1 Count continues after compare match with TRDGRAO register Note 3
TSTART1 TRD1 count start flag Notes 4,5 R/W
0 Count stops R/W
1 Count starts
TSTARTO TRDO count start flag Notes 6, 7 R/W
0 Count stops R/W
1 Count starts

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.

Note 2. Do not use in PWM3 mode.

Note 3. Set to 1 for the input capture function.

Note 4. Write O to the TSTARTL1 bit while the CSELL1 bit is set to 1.

Note 5. When the CSELL1 bit is 0 and a compare match signal (TRDIOAL) is generated, this flag is set to 0 (count
stops).

Note 6. Write O to the TSTARTO bit while the CSELO bit is set to 1.

Note 7. When the CSELDO bit is 0 and a compare match signal (TRDIOAO) is generated, this flag is set to 0 (count
stops).
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8.2.4  Timer RD mode register (TRDMR)

Figure 8 - 5 Format of Timer RD mode register (TRDMR)

Address: F0264H After Reset: 00H Note 1
Symbol <7> <6> <5> <4> 3 2 1 <0>
TRDMR| TRDBFD1 TRDBFC1 TRDBFDO TRDBFCO 0 0 0 TRDSYNC
TRDBFD1 TRDGRD1 register function select Note 2 R/W
0 General register R/W
1 Buffer register for TRDGRBL register
TRDBFC1 TRDGRC1 register function select Note 2 R/W
0 General register R/W
1 Buffer register for TRDGRAL register
TRDBFDO TRDGRDO register function select Note 2 R/W
0 General register R/W
1 Buffer register for TRDGRBO register
TRDBFCO TRDGRCO register function select Notes 2, 3 RIW
0 General register R/W
1 Buffer register for TRDGRAO register
Bits 3to 1 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
TRDSYNC Timer RD synchronous Note 4 RIW
0 TRDO and TRD1 operate independently R/W
1 TRDO and TRD1 operate synchronously

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.

Note 2. In the output compare function, if 0 (TRDGR;ji register output pin is changed) is selected for the 10j3 (j = C or
D) bit in the TRDIORCi (i = 0 or 1) register, set the TRDBF;ji bit in the TRDMR register to 0.

Note 3. Set to 0 (general register) in complementary PWM mode.

Note 4. Set to 0 (TRDO and TRD1 operate independently) in reset synchronous PWM mode, complementary PWM
mode, and PWM3 mode.
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8.2.5

Timer RD PWM function select register (TRDPMR)

Figure 8 - 6 Format of Timer RD PWM function select register (TRDPMR) [Timer Mode]

Address: FO265H

Symbol

TRDPMR

After Reset: 00H Note

7 <6> <5> <4> 3 <0>
0 TRDPWMD1 | TRDPWMC1 | TRDPWMB1 0 TRDPWMDO | TRDPWMCO | TRDPWMBO
Bit 7 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
TRDPWMD1 PWM function of TRDIOD1 select R/W
0 Input capture function or output compare function R/W
1 PWM function
TRDPWMC1 PWM function of TRDIOC1 select R/W
0 Input capture function or output compare function R/W
1 PWM function
TRDPWMBL1 PWM function of TRDIOBL select R/IW
0 Input capture function or output compare function R/W
1 PWM function
Bit 3 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
TRDPWMDO PWM function of TRDIODO select R/W
0 Input capture function or output compare function R/W
1 PWM function
TRDPWMCO PWM function of TRDIOCO select R/W
0 Input capture function or output compare function R/W
1 PWM function
TRDPWMBO PWM function of TRDIOBO select R/W
0 Input capture function or output compare function R/W
1 PWM function
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in

the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
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8.2.6 Timer RD function control register (TRDFCR)
Figure 8 - 7 Format of Timer RD function control register (TRDFCR)
Address: F0266H After Reset: 80H Note 1
Symbol 7 6 5 4 3 2 0
TRDFCR[ PWM3 | STCLK | 0 | 0 | oLs1 OLS0 CMDO
PWM3 ‘ PWM3 mode select Note 2 R/W
« In the timer mode, set to 1 (other than PWM3 mode). R/W
¢ In PWM3 mode, set to 0 (PWM3 mode).
« Disabled in reset synchronous and complementary PWM modes.
STCLK External clock input select R/W
« In the timer mode, the reset synchronous PWM mode, and the complementary PWM mode, R/W
0: External clock input disabled
1: External clock input enabled
« In PWM3 mode, set to 0 (external clock input disabled).
Bits 5to 4 Reserved R/W
0 Setto 0. R/W
oLSs1 Counter-phase output level select R/W
(in reset synchronous PWM mode or complementary PWM mode)
« In reset synchronous and complementary PWM modes, R/W
0: High initial output and low active level
1: Low initial output and high active level
¢ Disabled in timer and PWM3 modes.
OLSO0 Phase output level select R/W
(in reset synchronous PWM mode or complementary PWM mode)
« In reset synchronous and complementary PWM modes, R/W
0: High initial output and low active level
1: Low initial output and high active level
« Disabled in timer and PWM3 modes.
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CMD1 CMDO Combination mode select Notes 3, 4 RIW

« In timer and PWM3 modes, set to 00B (timer mode or PWM3 mode). R/W
« In reset synchronous PWM mode, set to 01B (reset synchronous PWM mode).

« In complementary PWM mode,
CMD1  CMDO

1 0: Complementary PWM mode (transfer from the buffer register to the general register when
TRD1 underflows)
1 1: Complementary PWM mode (transfer from the buffer register to the general register at

compare match between registers TRDO and TRDGRAO)
Other than the above: Do not set.

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fin and TRDOEN = 1 before reading.

Note 2. When bits CMD1 and CMDO are set to 00B (timer mode or PWM3 mode), the setting of the PWM3 bit is
enabled.

Note 3. Set bits CMDO0 and CMD1 when both the TSTARTO and TSTARTL1 bits in the TRDSTR register are set to 0
(count stops).

Note 4. When bits CMD1 and CMDO are set to 01B, 10B, or 11B, the MCU enters reset synchronous PWM mode or
complementary PWM mode regardless of the settings of the TRDPMR register.
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8.2.7  Timer RD output master enable register 1 (TRDOER1)
Figure 8 - 8 Format of Timer RD output master enable register 1 (TRDOER1)
[Output Compare Function, PWM Function, Reset Synchronous PWM Mode,
Complementary PWM Mode, and PWM3 Mode]
Address: FO267H After Reset: FFH Note 1
Symbol 7 6 5 4 3 2 1 0
TRDOER1 ED1 EC1 EB1 EAl EDO ECO EBO EAO
ED1 TRDIOD1 output disable Note 2 R/W
0 Output enabled R/W
1 Output disabled (TRDIOD1 pin functions as an 1/O port.)
EC1 TRDIOC1 output disable Note 2 R/W
0 Output enabled R/W
1 Output disabled (TRDIOC1 pin functions as an I/O port.)
EB1 TRDIOB1 output disable Note 2 R/W
0 Output enabled R/W
1 Output disabled (TRDIOB1 pin functions as an 1/O port.)
EAL TRDIOA1 output disable Notes 2, 3 R/W
0 Output enabled R/W
1 Output disabled (TRDIOA1 pin functions as an 1/O port)
EDO TRDIODO output disable Note 2 R/W
0 Output enabled R/W
1 Output disabled (TRDIODO pin functions as an I/O port.)
ECO TRDIOCO output disable Note 2 R/W
0 Output enabled R/W
1 Output disabled (TRDIOCO pin functions as an I/O port.)
EBO TRDIOBO output disable R/W
0 Output enabled R/W
1 Output disabled (TRDIOBO pin functions as an 1/O port.)
EAO TRDIOAO output disable Notes 3, 4 R/W
0 Output enabled R/W
1 Output disabled (TRDIOAO pin functions as an 1/O port)
Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Note 2. Set to 1 in PWM3 mode.
Note 3. Set to 1 in PWM function.
Note 4. Set to 1 in reset synchronous PWM mode and complementary PWM mode.
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8.2.8  Timer RD output master enable register 2 (TRDOER?2)

Figure 8 - 9 Format of Timer RD output master enable register 2 (TRDOER2)
[PWM Function, Reset Synchronous PWM Mode, Complementary PWM Mode, and PWM3 Mode]

Address: F0268H After Reset: 00H Note 1
Symbol <7> 6 5 4 3 2 1 <0>
TRDOER2| TRDPTO 0 0 0 0 0 0 TRDSHUTS
TRDPTO INTPO of pulse output forced cutoff signal input enabled Note 2 R/W
0 Pulse output forced cutoff input disabled R/W
1 Pulse output forced cutoff input enabled

(The TRDSHUTS bit is set to 1 when a low level is applied to the INTPO pin.)

Bits 6 to 1 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
TRDSHUTS Forced cutoff flag R/W
0 Not forcibly cut off R/W
1 Forcibly cut off

This bit is set to 1 when the pulse is forcibly cut off by an INTPO or ELC input event. This bit is not
automatically cleared. To stop the forced cutoff of the pulse, write 0 to this bit while the count is stopped
(TSTARTI = 0). The pulse is also forcibly cut off when 1 is written to the TRDSHUTS bit in an enabled

mode.

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in
the PERL register. If it is necessary to read the initial value, set fcLk to finH and TRDOEN = 1 before reading.

Note 2. See 8.3.1 (4) Pulse Output Forced Cutoff.
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8.2.9

Timer RD output control register (TRDOCR)

Write to the TRDOCR register when bits TSTARTO and TSTARTL1 in the TRDSTR register are both 0 (count
stops).

Figure 8 - 10 Format of Timer RD output control register (TRDOCR) [Output Compare Function]

Address: F0269H

Symbol

TRDOCR

After Reset: 00H Note 1

7 6 5 4 3 2 1 0
TOD1 TOC1 TOB1 TOAl TODO TOCO TOBO TOAO
TOD1 TRDIOD1 initial output level select Note 2 R/W

0 Low initial output R/W

1 High initial output
TOC1 TRDIOC1 initial output level select Note 2 R/W

0 Low initial output R/W

1 High initial output
TOB1 TRDIOBL initial output level select Note 2 R/W

0 Low initial output RIW

1 High initial output
TOAl TRDIOAL1 initial output level select R/W

0 Low initial output R/W

1 High initial output
TODO TRDIODO initial output level select Note 2 R/W

0 Low initial output R/W

1 High initial output
TOCO TRDIOCO initial output level select Note 2 R/W

0 Low initial output R/W

1 High initial output
TOBO TRDIOBO initial output level select Note 2 R/W

0 Low initial output R/W

1 High initial output
TOAO TRDIOAO initial output level select R/W

0 Low initial output R/W

1 High initial output

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Note 2. If the pin function is set for waveform output, the initial output level is output when the TRDOCR register is

set.
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Figure 8 - 11 Format of Timer RD output control register (TRDOCR) [PWM Function]

Address: FO269H

Symbol

TRDOCR

After Reset: 00H Note 1

7 6 5 4 3 2 1 0
TOD1 TOC1 TOB1 TOAl TODO TOCO TOBO TOAO
TOD1 TRDIODL initial output level select Note 2 R/W

0 Initial output is not active level R/W

1 Initial output is active level
TOC1 TRDIOCTL initial output level select Note 2 R/W

0 Initial output is not active level R/W

1 Initial output is active level
TOB1 TRDIOBL1 initial output level select Note 2 R/W

0 Initial output is not active level R/W

1 Initial output is active level
TOA1 TRDIOAL1 initial output level select R/W

Set to 0. R/IW
TODO TRDIODO initial output level select Note 2 R/W

0 Initial output is not active level R/W

1 Initial output is active level
TOCO TRDIOCO initial output level select Note 2 R/W

0 Initial output is not active level R/W

1 Initial output is active level

Enabled in reset synchronous and complementary PWM modes.
TOBO TRDIOBO initial output level select Note 2 R/W

0 Initial output is not active level R/W

1 Initial output is active level
TOAO TRDIOAO initial output level select R/W

Setto 0. R/W

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.

Note 2. If the pin function is set for waveform output, the initial output level is output when the TRDOCR register is

set.
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Address: F0269H
Symbol

TRDOCR

Figure 8 - 12 Format of Timer RD output control register (TRDOCR) [PWM3 Mode]

After Reset: 00H Note 1

7 6 5 4 3 2 1 0
TOD1 | TOC1 TOB1 TOA1 TODO TOCO TOBO TOAO
TOD1 ‘ TRDIODL1 initial output level select R/W

Disabled in PWM3 mode. RIW
TOC1 ‘ TRDIOCL1 initial output level select R/W
Disabled in PWM3 mode. R/W
TOB1 ‘ TRDIOBL initial output level select RIW
Disabled in PWM3 mode. R/W
TOA1 ‘ TRDIOAL1 initial output level select R/W
Disabled in PWM3 mode. RIW
TODO ‘ TRDIODO initial output level select R/W
Disabled in PWM3 mode. R/W
TOCO ‘ TRDIOCO initial output level select R/W
Disabled in PWM3 mode. R/W
TOBO TRDIOBO initial output level select Note 2 R/W

0 Low initial output, high active level, high output at TRDGRB1 compare match, and low R/W

output at TRDGRBO compare match

1 High initial output, low active level, low output at TRDGRB1 compare match, and high

output at TRDGRBO compare match
TOAO TRDIOAO initial output level select R/W

0 Low initial output, high active level, high output at TRDGRA1 compare match, and low R/W

output at TRDGRAO compare match

1 High initial output, low active level, low output at TRDGRA1 compare match, and high

output at TRDGRAO compare match

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Note 2. If the pin function is set for waveform output, the initial output level is output when the TRDOCR register is

set.
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8.2.10 Timer RD digital filter function select register i (TRDDFi) (i =0 or 1)

Figure 8 - 13 Format of Timer RD digital filter function select register i (TRDDFi) (i =0 or 1)
[Input Capture Function]

Address: FO26AH (TRDDFO), FO26BH (TRDDF1) After Reset: O0H Note 1
Symbol 7 6 5 4 3 2 1 0
TRDDFi| DFCK1 | DFCKO [ PENBL | PENBO DFD DFC DFB DFA
DFCK1 DFCKO Clock select for digital filter function Note 2 R/W
0 0 fcLk/32 Note 3 R/W
0 1 fcLk/g Note 3
1 0 fcLk Note 3
1 1 Count source (clock selected by bits TCKO to TCK2 in the TRDCRi
register)
PENB1 PENBO TRDIOB pin pulse forced cutoff control R/W
0 0 Set to 00B. R/W
DFD TRDIODi pin digital filter function select R/W
0 Digital filter function disabled R/W
1 Digital filter function enabled

When the digital filter is enabled, edge detection is performed after up to five cycles of the digital filter
sampling clock.

DFC TRDIOC:I pin digital filter function select R/W
0 Digital filter function disabled R/W
1 Digital filter function enabled

When the digital filter is enabled, edge detection is performed after up to five cycles of the digital filter
sampling clock.

DFB TRDIOBI pin digital filter function select R/W
0 Digital filter function disabled R/W
1 Digital filter function enabled

When the digital filter is enabled, edge detection is performed after up to five cycles of the digital filter
sampling clock.

DFA TRDIOAI pin digital filter function select R/W
0 Digital filter function disabled R/W
1 Digital filter function enabled

When the digital filter is enabled, edge detection is performed after up to five cycles of the digital filter
sampling clock.

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.

Note 2. Set bits DFCKO0 and DFCK?1 before starting count operation.

Note 3. When FRQSEL4 = 1 in the user option byte (000C2H), fcLk/32, fcLk/8, and fcLk are set to fHoco/32, fHoco/8,
and fHoco, respectively.
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Figure 8 - 14 Format of Timer RD digital filter function select register i (TRDDFi) (i =0 or 1)

[PWM Function, Reset Synchronous PWM Mode, Complementary PWM Mode, and PWM3 Mode]

Address: FO26AH (TRDDFO), FO26BH (TRDDF1)
Symbol

TRDDFi

After Reset: 00H Note

7 6 5 4 3 2 1 0
DFCK1 | DFCKO PENB1 | PENBO DFD DFC DFB DFA
DFCK1 DFCKO TRDIOA pin pulse forced cutoff control R/W

0 0 Forced cutoff disabled R/W

0 1 High-impedance output

1 0 Low output

1 1 High output

Set these bits to 00B (forced cutoff disabled) if the corresponding pin is not used as a timer RD output
port in these modes. Also, set these bits while the count is stopped.
PENB1 PENBO TRDIOB pin pulse forced cutoff control R/W

0 0 Forced cutoff disabled R/IW

0 1 High-impedance output

1 0 Low output

1 1 High output

Set these bits to 00B (forced cutoff disabled) if the corresponding pin is not used as a timer RD output
port in these modes. Also, set these bits while the count is stopped.
DFD DFC TRDIOC pin pulse forced cutoff control R/W

0 0 Forced cutoff disabled R/W

0 1 High-impedance output

1 0 Low output

1 1 High output

Set these bits to 00B (forced cutoff disabled) if the corresponding pin is not used as a timer RD output
port in these modes. Also, set these bits while the count is stopped.
DFB DFA TRDIOD pin pulse forced cutoff control R/W

0 0 Forced cutoff disabled R/W

0 1 High-impedance output

1 0 Low output

1 1 High output

Set these bits to 00B (forced cutoff disabled) if the corresponding pin is not used as a timer RD output
port in these modes. Also, set these bits while the count is stopped.

Note

The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
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8.2.11 Timer RD control register i (TRDCRIi) (i =0 or 1)

The TRDCRL1 register is not used in reset synchronous PWM mode or PWM3 mode.

Address: F0270H (TRDCRO), F0280H (TRDCR1)

Symbol

TRDCRI

Figure 8 - 15 Format of Timer RD control register i (TRDCRI) (i=0 or 1)

[Input Capture Function and Output Compare Function]

After Reset: 00H Note 1

7 6 5 4 3 2 1 0
CCLR2 | CCLRL | CCLRO | CKEGL | CKEGO | TCK2 [ TCKL TCKO
CCLR2 CCLR1 CCLRO TRDi counter clear select R/W

0 0 0 Clear disabled (free-running operation) R/W

0 0 1 Clear by input capture/compare match with TRDGRAI

0 1 0 Clear by input capture/compare match with TRDGRBI

0 1 1 Synchronous clear (clear simultaneously with other timer

RDi counter) Note 2

1 0 0 Do not set.

1 0 1 Clear by input capture/compare match with TRDGRCi

1 1 0 Clear by input capture/compare match with TRDGRDi

1 1 1 Do not set.

CKEG1 CKEGO External clock edge select Note 3 R/W

0 0 Count at the rising edge R/W

0 1 Count at the falling edge

1 0 Count at both edges

1 1 Do not set.

TCK2 TCK1 TCKO Count source select R/W

0 0 0 fcLk, fHoco Note 4 R/W

0 0 1 fcLk/2 Note 5

0 1 0 fcLk/4 Note 5

0 1 1 fcLk/8 Note 5

1 0 0 fcLk/32 Note 5

1 0 1 TRDCLK input Note 6

1 1 0 Do not set.

1 1 1 Do not set.

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.

Note 2. Enabled when the TRDSYNC bit in the TRDMR register is 1 (TRDO and TRD1 operate synchronously).

Note 3. Valid when bits TCK2 to TCKO are set to 101B (TRDCLK input) and the STCLK bit is set to 1 (external clock
input enabled).

Note 4. fcik is selected when FRQSEL4 = 0 and fHoco is selected when FRQSEL4 = 1 in the user option byte
(000C2H). When selecting fHoco as the count source for timer RD, set fcLk to fiH before setting bit 4
(TRDOEN) in peripheral enable register 1 (PER1). When changing fcLk to a clock other than fiH, clear bit 4
(TRDOEN) in peripheral enable register 1 (PER1) before changing.

Note 5. Do not set this value when FRQSEL4 = 1 in the user option byte (000C2H).

Note 6. Valid when the STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
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Figure 8 - 16 Format of Timer RD control register i (TRDCRI) (i = 0 or 1) [PWM Mode]

Address: FO270H (TRDCRO), F0280H (TRDCR1)

After Reset: O0H Note 1

Symbol 7 6 5 4 3 2 0
TRDCRi| CCLR2 [ CCLR1 | CCLRO | CKEG1 CKEGO | TCK2 TCKO
CCLR2 ‘ CCLR1 ‘ CCLRO ‘ TRDI counter clear select RIW
Set to 001B (TRDi register is cleared at compare match with TRDGRAI register). RIW
CKEG1 CKEGO External clock edge select Note 2 RIW
0 0 Count at the rising edge R/W
0 1 Count at the falling edge
1 0 Count at both edges
1 1 Do not set.
TCK2 TCK1 TCKO Count source select R/W
0 0 0 fcLk, fHoco Note 3 R/W
0 0 1 fcLk/2 Note 4
0 1 0 fcLk/4 Note 4
0 1 1 fcLk/g Note 4
1 0 0 fcLk/32 Note 4
1 0 1 TRDCLK input Note 5
1 1 0 Do not set.
1 1 1 Do not set.

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.

Note 2. Valid when bits TCK2 to TCKO are set to 101B (TRDCLK input) and the STCLK bit is set to 1 (external clock
input enabled).

Note 3. fcik is selected when FRQSEL4 = 0 and fHoco is selected when FRQSEL4 = 1 in the user option byte
(000C2H). When selecting fHoco as the count source for timer RD, set fcLk to fiH before setting bit 4
(TRDOEN) in peripheral enable register 1 (PER1). When changing fcLk to a clock other than fiH, clear bit 4
(TRDOEN) in peripheral enable register 1 (PER1) before changing.

Note 4. Do not set this value when FRQSEL4 = 1 in the user option byte (000C2H).

Note 5. Valid when the STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
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Figure 8 - 17 Format of Timer RD control register 0 (TRDCRO) [Reset Synchronous PWM Mode]

Address: F0270H

After Reset: O0H Note 1

Symbol 7 6 5 4 3 2 1 0
TRDCRO| CCLR2 | CCLR1 | CCLRO | CKEG1 CKEGO | TCK2 | TCK1 TCKO
CCLR2 ‘ CCLR1 ‘ CCLRO ‘ TRDO counter clear select RIW
Set to 001B (TRDO register is cleared at compare match with TRDGRAO register). R/W
CKEG1 CKEGO External clock edge select Note 2 RIW
0 0 Count at the rising edge R/W
0 1 Count at the falling edge
1 0 Count at both edges
1 1 Do not set.
TCK2 TCK1 TCKO Count source select R/W
0 0 0 fcLk, fHoco Note 3 R/IW
0 0 1 fcLk/2 Note 4
0 1 0 fcLk/4 Note 4
0 1 1 fcLk/8 Note 4
1 0 0 fcLk/32 Note 4
1 0 1 TRDCLK input Note 5
1 1 0 Do not set.
1 1 1 Do not set.
Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in

Note 2.

Note 3.

Note 4.
Note 5.

the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Valid when bits TCK2 to TCKO are set to 101B (TRDCLK input) and the STCLK bit is set to 1 (external clock
input enabled).

fcik is selected when FRQSEL4 = 0 and fHoco is selected when FRQSEL4 = 1 in the user option byte
(000C2H). When selecting fHoco as the count source for timer RD, set fcLk to fiH before setting bit 4
(TRDOEN) in peripheral enable register 1 (PER1). When changing fcLk to a clock other than fiH, clear bit 4
(TRDOEN) in peripheral enable register 1 (PER1) before changing.

Do not set this value when FRQSEL4 = 1 in the user option byte (000C2H).

Valid when the STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
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Figure 8 - 18 Format of Timer RD control register 0 (TRDCRO)[Complementary PWM Mode]

Address: F0270H

After Reset: 00H Note 1

Symbol 7 6 5 4 3 2 1 0
TRDCRO| CCLR2 | CCLR1 | CCLRO | CKEG1 | CKEGO TCK2 TCK1 TCKO
CCLR2 ‘ CCLR1 ‘ CCLRO ‘ TRDO counter clear select RIW
Set to 000B (clear disabled (free-running operation)). R/W
CKEG1 CKEGO External clock edge select Notes 2,3 RIW
0 0 Count at the rising edge R/W
0 1 Count at the falling edge
1 0 Count at both edges
1 1 Do not set.
TCK2 TCK1 TCKO Count source select R/W
0 0 0 fcLk, fHoco Note 4 R/IW
0 0 1 fcLk/2 Note 5
0 1 0 fcLk/4 Note 5
0 1 1 fcLk/8 Note 5
1 0 0 fcLk/32 Note 5
1 0 1 TRDCLK input Note 6
1 1 0 Do not set.
1 1 1 Do not set.
Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in

Note 2.

Note 3.
Note 4.

Note 5.
Note 6.

the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Valid when bits TCK2 to TCKO are set to 101B (TRDCLK input) and the STCLK bit is set to 1 (external clock
input enabled).

Set the same value to bits TCKO to TCK2, CKEGO, and CKEGL1 in registers TRDCRO and TRDCRL1.

fcik is selected when FRQSEL4 = 0 and fHoco is selected when FRQSEL4 = 1 in the user option byte
(000C2H). When selecting fHoco as the count source for timer RD, set fcLk to fiH before setting bit 4
(TRDOEN) in peripheral enable register 1 (PER1). When changing fcLk to a clock other than fiH, clear bit 4
(TRDOEN) in peripheral enable register 1 (PER1) before changing.

Do not set this value when FRQSEL4 = 1 in the user option byte (000C2H).

Valid when the STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
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Figure 8 - 19 Format of Timer RD control register 0 (TRDCRO) [PWM3 Mode]

Address: FO270H After Reset: 00H Note 1
Symbol 7 6 5 4 3 2 1 0
TRDCRO| CCLR2 | CCLR1 | CCLRO | CKEG1 CKEGO | TCK2 | TCK1 TCKO
CCLR2 ‘ CCLR1 ‘ CCLRO ‘ TRDO counter clear select RIW
Set to 001B (TRDO register is cleared at compare match with TRDGRAO register). R/W
CKEG1 ‘ CKEGO ‘ External clock edge select RIW
Disabled in PWM3 mode. R/W
TCK2 TCK1 TCKO Count source select R/W
0 0 0 fcLk, fHoco Note 2 R/W
0 0 1 fcLk/2 Note 3
0 1 0 fcLk/4 Note 3
0 1 1 fcLk/8 Note 3
1 0 0 fcLk/32 Note 3
1 0 1 Do not set.
1 1 0 Do not set.
1 1 1 Do not set.

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Note 2. fcik is selected when FRQSEL4 = 0 and fHoco is selected when FRQSEL4 = 1 in the user option byte
(000C2H). When selecting fHoco as the count source, select fiH as fcLk before starting timer count operation.
Note 3. Do not set this value when FRQSEL4 = 1 in the user option byte (000C2H).

RO1UHO0326EJ0100 Rev. 1.00 RENESAS Page 316 of 849
Jun 20, 2012



MPD79F7027, pPD79F7028

CHAPTER 8 TIMER RD

8.2.12 Timer RD I/O control register Ai (TRDIORAI) (i =0 or 1)

Figure 8 - 20 Format of Timer RD I/O control register Ai (TRDIORAI) (i = 0 or 1) [Input Capture Function]

Address: FO271H (TRDIORAQ), FO281H (TRDIORAL)

After Reset: O0H Note 1

Symbol 7 6 5 4 3 2 1 0
TRDIORAI | — 10B2 10B1 10B0O 0 I0A2 I0A1 I0A0
Bit 7 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
10B2 TRDGRB mode select Note 2 R/W
Set to 1 (input capture) in the input capture function. R/W
10B1 10B0O TRDGRB control R/W
0 0 Input capture to TRDGRBI at the rising edge R/W
0 1 Input capture to TRDGRBI at the falling edge
1 0 Input capture to TRDGRBI at both edges
1 1 Do not set.
Bit 3 Reserved R/W
0 Setto 0. R/W
I0A2 TRDGRA mode select Note 3 R/W
Set to 1 (input capture) in the input capture function. R/W
I0A1 I0A0 TRDGRA control R/W
0 0 Input capture to TRDGRAI at the rising edge R/W
0 1 Input capture to TRDGRAI at the falling edge
1 0 Input capture to TRDGRAI at both edges
1 1 Do not set.
Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in

the PERL register. If it is necessary to read the initial value, set fcLk to fin and TRDOEN = 1 before reading.

Note 2. If 1 (buffer register for TRDGRBI register) is selected for the TRDBFDi bit in the TRDMR register, set the
same value to the IOB2 bit in the TRDIORAI register and the 10D2 bit in the TRDIORCi register.
Note 3. If 1 (buffer register for TRDGRAI register) is selected for the TRDBFCi bit in the TRDMR register, set the

same value to the IOA2 bit in the TRDIORAI register and the I0C2 bit in the TRDIORCi register.
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Figure 8 - 21 Format of Timer RD I/O control register Ai (TRDIORAI) (i =0 or 1) [Output Compare Function]

Address: FO271H (TRDIORAO), FO281H (TRDIORAL)  After Reset: 00H Note 1

Symbol 7 6 5 4 3 2 1 0
TRDIORAI | — loB2 | 10B1 [ 10BO 0 IOA2 IOAL IOAQ
Bit 7 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
10B2 TRDGRB mode select Note 2 R/W
Set to 0 (output compare) in the output compare function. R/W
10B1 10B0O TRDGRB control R/W
0 0 Pin output by compare match is disabled (TRDIOBI pin functions as an R/W
1/O port)
0 1 Low output by compare match with TRDGRBI
1 0 High output by compare match with TRDGRBI
1 1 Toggle output by compare match with TRDGRBI
Bit 3 Reserved R/W
0 Setto 0. R/W
I0A2 TRDGRA mode select Note 3 R/W
Set to 0 (output compare) in the output compare function. R/W
I0A1 IOA0 TRDGRA control R/W
0 0 Pin output by compare match is disabled (TRDIOAI pin functions as an R/W
1/O port)
0 1 Low output by compare match with TRDGRAI
1 0 High output by compare match with TRDGRAI
1 1 Toggle output by compare match with TRDGRAI
Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in

the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.

Note 2. If 1 (buffer register for TRDGRBI register) is selected for the TRDBFDi bit in the TRDMR register, set the
same value to the I0OB2 bit in the TRDIORAI register and the 10D2 bit in the TRDIORCi register.
Note 3. If 1 (buffer register for TRDGRAI register) is selected for the TRDBFCi bit in the TRDMR register, set the

same value to the IOA2 bit in the TRDIORAI register and the IOC2 bit in the TRDIORCi register.
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8.2.13 Timer RD I/O control register Ci (TRDIORCi) (i =0 or 1)

Figure 8 - 22 Format of Timer RD I/O control register Ci (TRDIORCi) [Input Capture Function]

Address: F0272H (TRDIORCO), F0282H (TRDIORC1) After Reset: 88H Note 1

Symbol 7 6 5 4 3 2 1 0
TRDIORCi[ 10D3 | 10oD2 | 10Dl [ 10DO lOC3 I0C2 loc1 10CO
IOD3 ‘ TRDGRD register function select RIW
Set to 1 (general register or buffer register) in the input capture function. R/W
10D2 ‘ TRDGRD mode select Note 2 R/W
Set to 1 (input capture) in the input capture function. R/W
10D1 10D0 TRDGRD control R/W
0 0 Input capture to TRDGRDi at the rising edge R/W
0 1 Input capture to TRDGRDi at the falling edge
1 0 Input capture to TRDGRDi at both edges
1 1 Do not set.
10C3 ‘ TRDGRC register function select R/W
Set to 1 (general register or buffer register) in the input capture function. R/W
loc2 | TRDGRC mode select Note 3 RIW
Set to 1 (input capture) in the input capture function. R/W
10C1 10CO TRDGRC control R/W
0 0 Input capture to TRDGRCi at the rising edge R/W
0 1 Input capture to TRDGRCi at the falling edge
1 0 Input capture to TRDGRCi at both edges
1 1 Do not set.

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in
the PERL register. lIf it is necessary to read the initial value, set fcLk to fin and TRDOEN = 1 before reading.

Note 2. If 1 (buffer register for TRDGRBI register) is selected for the TRDBFDi bit in the TRDMR register, set the
same value to the IOB2 bit in the TRDIORAI register and the 10D2 bit in the TRDIORCi register.

Note 3. If 1 (buffer register for TRDGRAI register) is selected for the TRDBFCi bit in the TRDMR register, set the
same value to the IOA2 bit in the TRDIORAI register and the I0C2 bit in the TRDIORCi register.
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Figure 8 - 23 Format of Timer RD I/O control register Ci (TRDIORCI) (i = 0 or 1) [Output Compare Function]

Address: FO272H (TRDIORCO), F0282H (TRDIORC1) After Reset: 88H Note 1

Symbol 7 6 5 4 3 2 1 0
TRDIORCi[ 10D3 | 10oD2 | 10Dl [  10DO I0C3 10C2 loCc1 10CO
10D3 TRDGRD register function select R/W
0 TRDIOB output register R/W
(see 8.3.3 (2) Changing Output Pins in Registers TRDGRCi (i =0 or 1) and
TRDGRD:I)
1 General register or buffer register
10D2 TRDGRD mode select Note 2 R/W
Set to 0 (output compare) in the output compare function. R/W
10D1 10D0 TRDGRD control RIW
0 0 Pin output by compare match is disabled R/W
0 1 Low output by compare match with TRDGRDi
1 0 High output by compare match with TRDGRDi
1 1 Toggle output by compare match with TRDGRDi
10C3 TRDGRC register function select R/W
0 TRDIOA output register R/W
(see 8.3.3 (2) Changing Output Pins in Registers TRDGRCi (i =0 or 1) and
TRDGRD:I)
1 General register or buffer register
10C2 TRDGRC mode select Note 3 R/W
Set to 0 (output compare) in the output compare function. R/W
10C1 10C0 TRDGRC control RIW
0 0 Pin output by compare match is disabled R/W
0 1 Low output by compare match with TRDGRCi
1 0 High output by compare match with TRDGRCi
1 1 Toggle output by compare match with TRDGRCi

Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.

Note 2. If 1 (buffer register for TRDGRBI register) is selected for the TRDBFDi bit in the TRDMR register, set the
same value to the I0B2 bit in the TRDIORAI register and the 10D2 bit in the TRDIORCi register.

Note 3. If 1 (buffer register for TRDGRAI register) is selected for the TRDBFCi bit in the TRDMR register, set the
same value to the IOA2 bit in the TRDIORAI register and the IOC2 bit in the TRDIORCi register.
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8.2.14 Timer RD status register i (TRDSRI) (i =0 or 1)

Figure 8 - 24 Format of Timer RD status register i (TRDSRI) (i = 0 or 1) [Input Capture Function]

Address: FO273H (TRDSRO0), F0283H (TRDSR1) After Reset: O0H Note 1

Symbol 7 6 5 4 3 2 1 0
TRDSRI | — | — | UDF | OV IMFD IMFC IMFB IMFA
Bits 7to 6 Nothing is assigned R/W

— The write value must be 0. The read value is 0. R
UDF ‘ Underflow flag Note 2 R/W
Disabled in the input capture function. R/W
OVF ‘ Overflow flag Note 3 R/W
[Source for setting to 0] R/W

Write 0 after reading. Note 4
[Source for setting to 1]
When the TRDi register overflows

IMFD Input capture/compare match flag D R/W

[Source for setting to 0] R/W
Write 0 after reading. Note 4
[Source for setting to 1]

Input edge of TRDIODi pin Note S

IMFC Input capture/compare match flag C R/W

[Source for setting to 0] R/W
Write O after reading. Note 4
[Source for setting to 1]

Input edge of TRDIOCi pin Note 5

IMFB Input capture/compare match flag B R/W

[Source for setting to 0] R/W
Write O after reading. Note 4
[Source for setting to 1]

Input edge of TRDIOBI pin Note 6

IMFA Input capture/compare match flag A R/W

[Source for setting to 0] R/W
Write 0 after reading. Note 4
[Source for setting to 1]

Input edge of TRDIOAI pin Note 6
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Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Note 2. Nothing is assigned to bit 5 in the TRDSRO register. The write value must be O for bit 5. The read value is 0.
Note 3. When the counter value of timer RDi changes from FFFFH to 0000H, the overflow flag is set to 1. Also, if the
counter value of timer RDi changes from FFFFH to 0000H due to an input capture/compare match during
operation according to the settings of bits CCLRO to CCLR2 in the TRDCRI register, the overflow flag is set to
1.
Note 4. The writing results are as follows:
« If the read value is 1, writing 0 to the bit sets it to 0. If it is necessary to clear the interrupt source flag of the
interrupt disabled by the TRDIERI register to 0, be sure to use one of the following methods to clear the flag

to 0.

(i) Clear the interrupt source flag of the interrupt disabled by the TRDIERI register to 0 when the interrupt
source statuses of the interrupts enabled by the TRDIERI register are all 0.

(i) When clearing the interrupt source flag of the interrupt disabled by the TRDIERI register to 0 while the
interrupt source status of the interrupt enabled by the TRDIERI register is set to 1, clear the interrupt
source status of the interrupt enabled by the TRDIERI register to 0 and clear the interrupt source flag of
the interrupt disabled by the TRDIERI register to O at the same time.

(iii) Set the TRDIERI register to 00H and clear the interrupt source flag to 0 after disabling all interrupts.

« If the read value is 0, the bit remains unchanged even if O is written to it. (Even if the bit is changed from 0

to 1 after reading and then 0 is written to it, it remains 1.)

» Writing 1 has no effect.
Note 5. Edge selected by bits IOk1 and I0kO (k = C or D) in the TRDIORCi register.

Including when the TRDBFKki bit in the TRDMR register is 1 (TRDGRKi is buffer register).
Note 6. Edge selected by bits 10j1 and 10j0 (j = A or B) in the TRDIORAI register.
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Figure 8 - 25 Format of Timer RD status register i (TRDSRI) (i =0 or 1)
[Functions Other Than Input Capture Function]

Address: F0273H (TRDSRO0), F0283H (TRDSR1) After Reset: O0H Note 1
Symbol 7 6 5 4 3 2 1 0
TRDSRI | — | — | UDF | OVF IMFD IMFC IMFB IMFA
Bits 7 to 6 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
UDF Underflow flag Note 2 R/W
In complementary PWM mode R/W

[Source for setting to 0]

Write O after reading. Note 3

[Sources for setting to 1]

When TRDi underflows.

Enabled only in complementary PWM mode.

OVF Overflow flag Note 4 R/W

[Source for setting to 0] R/W
Write 0 after reading. Note 3
[Source for setting to 1]

When the TRDi register overflows

IMFD Input capture/compare match flag D R/W

[Source for setting to 0] R/W
Write O after reading. Note 3

[Source for setting to 1]

When the values of TRDi and TRDGRDi match. Note 5

IMFC Input capture/compare match flag C R/W

[Source for setting to 0] R/W
Write 0 after reading. Note 3

[Source for setting to 1]

When the values of TRDi and TRDGRCi match. Note 5

IMFB Input capture/compare match flag B R/W

[Source for setting to 0] R/W
Write O after reading. Note 3

[Source for setting to 1]

When the values of TRDi and TRDGRBI match.

IMFA Input capture/compare match flag A R/W

[Source for setting to 0] R/W
Write 0 after reading. Note 3

[Source for setting to 1]

When the values of TRDi and TRDGRAI match.
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Note 1. The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.

Note 2. Nothing is assigned to bit 5 in the TRDSRO register. The write value must be O for bit 5. The read value is 0.

Note 3. The writing results are as follows:

« If the read value is 1, writing 0 to the bit sets it to 0. If it is necessary to clear the interrupt source flag of the
interrupt disabled by the TRDIERI register to 0, be sure to use one of the following methods to clear the flag

to 0.

(i) Clear the interrupt source flag of the interrupt disabled by the TRDIERI register to 0 when the interrupt
source statuses of the interrupts enabled by the TRDIERI register are all 0.

(i) When clearing the interrupt source flag of the interrupt disabled by the TRDIERI register to 0 while the
interrupt source status of the interrupt enabled by the TRDIERI register is set to 1, clear the interrupt
source status of the interrupt enabled by the TRDIERI register to 0 and clear the interrupt source flag of
the interrupt disabled by the TRDIERI register to O at the same time.

(iii) Set the TRDIERI register to 00H and clear the interrupt source flag to 0 after disabling all interrupts.

« If the read value is 0, the bit remains unchanged even if 0 is written to it. (Even if the bit is changed from 0

to 1 after reading and then 0 is written to it, it remains 1.)

» Writing 1 has no effect.

Note 4. When the counter value of timer RDi changes from FFFFH to 0000H, the overflow flag is set to 1. Also, if the
counter value of timer RDi changes from FFFFH to 0000H due to an input capture/compare match during
operation according to the settings of bits CCLRO to CCLR2 in the TRDCRI register, the overflow flag is set to
1.

Note 5. Including when the TRDBFKki bit (k = C or D) in the TRDMR register is set to 1 (TRDGRK:i is buffer register).
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8.2.15 Timer RD interrupt enable register i (TRDIERI) (i =0 or 1)

Figure 8 - 26 Format of Timer RD interrupt enable register i (TRDIERI) (i =0 or 1)

Address: FO274H (TRDIERO), F0284H (TRDIER1) After Reset: 00H Note
Symbol 7 6 5 4 3 2 1 0
TRDIERI | — | — | — | OVE IMIED IMIEC IMIEB IMIEA
Bits 7to 5 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
OVIE Overflow/underflow interrupt enable R/W
0 Interrupt (OVI) by bits OVF and UDF disabled R/W
1 Interrupt (OVI) by bits OVF and UDF enabled
IMIED Input capture/compare match interrupt enable D R/W
0 Interrupt (IMID) by the IMFD bit is disabled R/W
1 Interrupt (IMID) by the IMFD bit is enabled
IMIEC Input capture/compare match interrupt enable C R/W
0 Interrupt (IMIC) by the IMFC bit is disabled R/W
1 Interrupt (IMIC) by the IMFC bit is enabled
IMIEB Input capture/compare match interrupt enable B R/W
0 Interrupt (IMIB) by the IMFB bit is disabled R/W
1 Interrupt (IMIB) by the IMFB bit is enabled
IMIEA Input capture/compare match interrupt enable A R/W
0 Interrupt (IMIA) by the IMFA bit is disabled R/W
1 Interrupt (IMIA) by the IMFA bit is enabled
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in

the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
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8.2.16 Timer RD PWM function output level control register i (TRDPOCRI) (i =0
orl)

Settings to the TRDPOCRI register are enabled only in PWM function. When not in PWM function, they are
disabled.

Figure 8 - 27 Format of Timer RD PWM function output level control register i (TRDPOCRI) (i= 0 or 1)
[PWM Function]

Address: FO275H (TRDPOCRO), F0285H (TRDPOCR1) After Reset: 00H Note
Symbol 7 6 5 4 3 2 1 0
TRDPOCRI | — | — | — | — — POLD POLC POLB
Bits 7 to 3 Nothing is assigned R/W
— The write value must be 0. The read value is 0. R
POLD PWM function output level control D R/W
0 TRDIODi output level is low active R/W
1 TRDIODi output level is high active
POLC PWM function output level control C R/W
0 TRDIOCi output level is low active R/W
1 TRDIOCi output level is high active
POLB PWM function output level control B R/W
0 TRDIOBI output level is low active R/W
1 TRDIOBI output level is high active
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in

the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
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8.2.17 Timer RD counter i (TRDi) (i=0or 1)

[Timer Mode]
Access the TRDi register in 16-bit units. Do not access it in 8-bit units.

[Reset Synchronous PWM Mode and PWM3 Mode]
Access the TRDO register in 16-bit units. Do not access it in 8-bit units. The TRD1 register is not used in reset
synchronous PWM mode and PWM3 mode.

[Complementary PWM Mode (TRDO)]
Access the TRDO register in 16-bit units. Do not access it in 8-bit units.

[Complementary PWM Mode (TRD1)]
Access the TRD1 register in 16-bit units. Do not access it in 8-bit units.

Figure 8 - 28 Format of Timer RD counter i (TRDi) (i =0 or 1) [Timer Mode]

Address: F0276H (TRDO0), F0286H (TRD1) After Reset: 0000H Note

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R I e e S S S N
— Function Setting Range R/W
Bits Count the count source. Count operation is incremented. 0000H to FFFFH R/W
15t00 When an overflow occurs, the OVF bit in the TRDSRI register is set to 1.
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in

the PERL register. If it is necessary to read the initial value, set fcLk to fin and TRDOEN = 1 before reading.

Figure 8 - 29 Format of Timer RD counter i (TRDi) (i = 0 or 1) [Reset Synchronous PWM Mode and PWM3 Mode]

Address: F0276H (TRDO), F0286H (TRD1) After Reset: 0000H Note

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

) I I e B
— Function Setting Range R/W
Bits Count the count source. Count operation is incremented. 0000H to FFFFH R/W
15t0 0 When an overflow occurs, the OVF bit in the TRDSRO register is set to 1.
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
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Figure 8 - 30 Format of Timer RD counter i (TRDi) (i =0 or 1) [Complementary PWM Mode (TRDO)]]

Address: FO276H (TRDO), F0286H (TRD1) After Reset: 0000H Note

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

0
L] e e e e e e e e e e
— Function Setting Range R/W
Bits Dead time must be set. 0001H to FFFFH R/W
15t0 0 Count the count source. Count operation is incremented or decremented.
When an overflow occurs, the OVF bit in the TRDSRO register is set to 1.
Note

The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.

Figure 8 - 31 Format of Timer RD counter i (TRDi) (i =0 or 1) [Complementary PWM Mode (TRD1)]

Address: F0276H (TRDO), F0286H (TRD1) After Reset: 0000H Note

Symbol 15 14 13 12 11 10

9 8 7 6 5 4 3 2 1 0
) I S S S
— Function Setting Range R/W
Bits Set to 0000H. 0000H to FFFFH R/W
15t00 Count the count source. Count operation is incremented or decremented.
When an underflow occurs, the UDF bit in the TRDSR1 register is set to
1.
Note

The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
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8.2.18 Timer RD general registers Ai, Bi, Ci, and Di (TRDGRAI,
TRDGRBI,TRDGRCi, TRDGRDI) (i =0 or 1) [Input Capture Function]
Access registers TRDGRAI to TRDGRDi in 16-bit units. Do not access them in 8-bit units.

The following registers are disabled in the input capture function:
TRDOER1, TRDOER2, TRDOCR, TRDPOCRO, and TRDPOCR1

Set the pulse width of the input capture signal applied to the TRDIOji pin to three or more cycles of the timer RD
operating clock (fcLk) when no digital filter is used (the DFj bit in the TRDDFi register is 0).

[Output Compare Function]
Access registers TRDGRAI to TRDGRDi in 16-bit units. Do not access them in 8-bit units.

The following registers are disabled in the output compare function:
TRDDFO, TRDDF1, TRDPOCRO, and TRDPOCR1

[PWM Function]
Access registers TRDGRAI to TRDGRDi in 16-bit units. Do not access them in 8-bit units.

The following registers are disabled in PWM function:
TRDDFO, TRDDF1, TRDIORAO, TRDIORCO, TRDIORA1, and TRDIORC1

[Reset Synchronous PWM Mode]
Access registers TRDGRAI to TRDGRDi in 16-bit units. Do not access them in 8-bit units.

The following registers are disabled in reset synchronous PWM mode:
TRDPMR, TRDOCR Note, TRDDFO, TRDDF1, TRDIORAO, TRDIORCO, TRDPOCRO, TRDIORA1, TRDIORC1,
and TRDPOCR1

Note The TOCO hit in the TRDOCR register is enabled as an initial output setting of TRDIOCO in reset
synchronous PWM mode and complementary PWM mode.

[Complementary PWM Mode]
Access registers TRDGRAI to TRDGRDi in 16-bit units. Do not access them in 8-bit units.
The TRDGRCO register is not used in complementary PWM mode.

The following registers are disabled in complementary PWM mode.
TRDPMR, TRDOCR Note, TRDDFO TRDDF1, TRDIORAOQ, TRDIORCO, TRDPOCRO, TRDIORA1, TRDIORC1,
and TRDPOCR1

Note The TOCO bit in the TRDOCR register is enabled as an initial output setting of TRDIOCO in reset
synchronous PWM mode and complementary PWM mode.

Since values cannot be written to the TRDGRBO, TRDGRA1, or TRDGRB1 register directly after count operation
starts (prohibited item), use the TRDGRDO, TRDGRC1, or TRDGRDL1 register as a buffer register.

However, to write data to the TRDGRDO, TRDGRC1, or TRDGRD1 register, set bits TRDBFDO, TRDBFC1, and
TRDBFD1 to 0 (general register). After this, bits TRDBFDO, TRDBFC1, and TRDBFD1 may be set to 1 (buffer
register).
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[PWM

3 Mode]

Access registers TRDGRAI to TRDGRDi in 16-bit units. Do not access them in 8-bit units.

The following registers are disabled in PWM3 mode:
TRDPMR, TRDDFO, TRDDF1, TRDIORAO, TRDIORCO, TRDPOCRO, TRDIORAL1, TRDIORC1, and
TRDPOCR1

Registers TRDGRCO, TRDGRC1, TRDGRDO, and TRDGRD1 are not used in PWM3 mode. To use them as
buffer registers, set bits TRDBFCO, TRDBFC1, TRDBFDO, and TRDBFD1 to 0 (general register) and write a
value to the TRDGRCO, TRDGRC1, TRDGRDO, or TRDGRD1 register. After this, bits TRDBFCO, TRDBFC1,
TRDBFDO, and TRDBFD1 may be set to 1 (buffer register).

Figure 8 - 32 Format of Timer RD general registers Ai, Bi, Ci, and Di (TRDGRAIi, TRDGRBIi, TRDGRCi, TRDGRD:i)

(i=0or 1) [Input Capture Function]

Address: F0278H (TRDGRAO), FO27AH (TRDGRBO),  After Reset: FFFFH Note
FFF58H (TRDGRCO), FFF5AH (TRDGRDO),
F0288H (TRDGRAL), FO28AH (TRDGRB1),
FFF5CH (TRDGRC1), FFF5EH (TRDGRD1)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TRDGRAI
TRDGRBI
TRDGRCi
TRDGRDI
— Function R/W
Bits See Table 8 - 3 TRDGRji Register Functions in Input Capture Function. R/W
15t00
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Table 8 - 3 TRDGRji Register Functions in Input Capture Function
Register Setting Register Function Input-Capture Input Pin
TRDGRAI General register. The value of the TRDi register can be read at input TRDIOAI
TRDGRBI capture. TRDIOBI
TRDGRCi TRDBFCi =0 | General register. The value of the TRDi register can be read at input TRDIOCi
TRDGRDi | TRDBFDi =0 |capture. TRDIODi
TRDGRCi TRDBFCi = 1 | Buffer register. The value of the TRDi register can be read at input TRDIOAI
TRDGRDiI TRDBEDI = 1 Capture (see 8.3.1 (2) Buffer Operation). TRDIOBI
Remark i=0o0rl1,j=AB,C,orD

TRDBFCi, TRDBFD:i: Bits in TRDMR register
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Figure 8 - 33 Format of Timer RD general registers Ai, Bi, Ci, and Di (TRDGRAIi, TRDGRBIi, TRDGRCi, TRDGRD:I)

(i =0o0r 1) [Output Compare Function]

Address: F0278H (TRDGRAO), FO27AH (TRDGRBO),  After Reset: FFFFH Note
FFF58H (TRDGRCO), FFF5AH (TRDGRDO),
F0288H (TRDGRAL), FO28AH (TRDGRB1),
FFF5CH (TRDGRC1), FFF5EH (TRDGRD1)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TRDGRAI
TRDGRBI
TRDGRCi
TRDGRDI
— Function R/W
Bits See Table 8 - 4 TRDGRji Register Functions in Output Compare Function. R/W
15t00
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Table 8 - 4 TRDGRji Register Functions in Output Compare Function
) Setting . . Output-Compare Output
Register — - Register Function .
TRDBFji | 10j3 Pin
TRDGRAI General register. Write the compare value. TRDIOAI
TRDGRBI TRDIOBI
TRDGRCi 0 1 General register. Write the compare value. TRDIOCi
TRDGRDiI TRDIODi
TRDGRCi Buffer register. Write the next compare value TRDIOAI
TRDGRDI ! 1 |(see 8.3.1 (2) Buffer Operation). TRDIOBI
TRDGRCi TRDIOAI output control | (See 8.3.3 (2) Changing Output Pins in TRDIOAI
] 0 0 ] Registers TRDGRCi (i = 0 or 1) and ]
TRDGRDiI TRDIOBI output control TRDGRDI.) TRDIOBI

Caution  When the setting of bits TCK2 to TCKO in the TRDCRI register is 000B (fcLk, fHoco) and the compare value is set
to 0000H, a request signal to the event link controller (ELC) is generated only once immediately after the count
starts. When the compare value is 0001H or higher, a request signal is generated each time a compare match
occurs.

Remark i=0orl,j=AB,C,orD
TRDBFji: Bit in TRDMR register, 10j3: Bit in TRDIORCi register
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Figure 8 - 34 Format of Timer RD general registers Ai, Bi, Ci, and Di (TRDGRAIi, TRDGRBIi, TRDGRCi, TRDGRD:i)
(i=0or 1) [PWM Mode]

Address: F0278H (TRDGRAO), FO27AH (TRDGRBO),  After Reset: FFFFH Note
FFF58H (TRDGRCO), FFF5AH (TRDGRDO),
F0288H (TRDGRAL), FO28AH (TRDGRB1),
FFF5CH (TRDGRC1), FFF5EH (TRDGRD1)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TRDGRAI
TRDGRBI
TRDGRCi
TRDGRDI
— Function R/W
Bits See Table 8 - 5 TRDGRji Register Functions in PWM Function. R/W
15t00
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Table 8 - 5 TRDGRji Register Functions in PWM Function
Register Setting Register Function PWM Output Pin
TRDGRAI — General register. Set the PWM period. —
TRDGRBI — General register. Set the changing point of PWM output. TRDIOBI
TRDGRCi TRDBFCi =0 | General register. Set the changing point of PWM output. TRDIOCi
TRDGRDiI TRDBFDi =0 TRDIODi

) ) Buffer register. Set the next PWM period
TRDGRCi | TRDBFCi=1 . —
(see 8.3.1 (2) Buffer Operation).

) . Buffer register. Set the changing point of the next PWM output .
TRDGRDiI TRDBFDi=1 - TRDIOBI
(see 8.3.1 (2) Buffer Operation).

Caution  When the setting of bits TCK2 to TCKO in the TRDCRI register is 000B (fcLk, fHoco) and the compare value is set
to 0000H, a request signal to the event link controller (ELC) is generated only once immediately after the count
starts. When the compare value is 0001H or higher, a request signal is generated each time a compare match
occurs.

Remark i=0orl,j=A,B,C,orD
TRDBFCi, TRDBFDi: Bits in TRDMR register
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Figure 8 - 35 Format of Timer RD general registers Ai, Bi, Ci, and Di (TRDGRAIi, TRDGRBIi, TRDGRCi, TRDGRD:i)
(i=0or 1) [Reset Synchronous PWM Mode]

Address: F0278H (TRDGRAO), FO27AH (TRDGRBO),  After Reset: FFFFH Note
FFF58H (TRDGRCO), FFF5AH (TRDGRDO),
F0288H (TRDGRAL), FO28AH (TRDGRB1),
FFF5CH (TRDGRC1), FFF5EH (TRDGRD1)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TRDGRAI
TRDGRBI
TRDGRCi
TRDGRDI
— Function R/W
Bits See Table 8 - 6 TRDGRji Register Functions in Reset Synchronous PWM Mode. R/W
15t00
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
Table 8 - 6 TRDGRji Register Functions in Reset Synchronous PWM Mode
Register Setting Register Function PWM Output Pin
TRDGRAO — General register. Set the PWM period. (TRDIOCO, output
inverted every PWM
period)
TRDGRBO — General register. Set the changing point of PWM1 output. TRDIOBO
TRDIODO
TRDGRCO TRDBFCO0=0 | (Not used in reset synchronous PWM mode.) —
TRDGRDO TRDBFDO =0
TRDGRA1 — General register. Set the changing point of PWM2 output. TRDIOA1
TRDIOC1
TRDGRB1 — General register. Set the changing point of PWM3 output. TRDIOB1
TRDIOD1
TRDGRC1 TRDBFC1=0 | (Not used in reset synchronous PWM mode.) —
TRDGRD1 TRDBFD1 =0
TRDGRCO TRDBFCO = 1 | Buffer register. Set the next PWM period (TRDIOCO, output
(see 8.3.1 (2) Buffer Operation). inverted every PWM
period)
TRDGRDO TRDBFDO = 1 | Buffer register. Set the changing point of the next PWM1 TRDIOBO
(see 8.3.1 (2) Buffer Operation). TRDIODO
TRDGRC1 TRDBFCL1 = 1 | Buffer register. Set the changing point of the next PWM2 TRDIOA1
(see 8.3.1 (2) Buffer Operation). TRDIOC1
TRDGRD1 TRDBFD1 = 1 | Buffer register. Set the changing point of the next PWM3 TRDIOB1
(see 8.3.1 (2) Buffer Operation). TRDIOD1

Caution  When the setting of bits TCK2 to TCKO in the TRDCRO register is 000B (fcLk, fHoco) and the compare value is set
to 0000H, a request signal to the event link controller (ELC) is generated only once immediately after the count
starts. When the compare value is 0001H or higher, a request signal is generated each time a compare match
occurs.

Remark i=0orl,j=AB,C,orD
TRDBFCO, TRDBFDO, TRDBFC1, TRDBFD1: Bits in TRDMR register
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Figure 8 - 36 Format of Timer RD general registers Ai, Bi, Ci, and Di (TRDGRAIi, TRDGRBIi, TRDGRCi, TRDGRD:i)
(i=0or 1) [Complementary PWM Mode]

Address: F0278H (TRDGRAO), FO27AH (TRDGRBO),  After Reset: FFFFH Note
FFF58H (TRDGRCO), FFF5AH (TRDGRDO),
F0288H (TRDGRAL), FO28AH (TRDGRB1),
FFF5CH (TRDGRC1), FFF5EH (TRDGRD1)

Symbol 15 14 13 12 11 10 9 8 7 6 3 2 1 0
TRDGRAI
TRDGRBI
TRDGRCi
TRDGRDI
— Function R/W
Bits See Table 8 - 7 TRDGRji Register Functions in Complementary PWM Mode. R/W
15t00
Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in

the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
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Table 8 - 7 TRDGRji Register Functions in Complementary PWM Mode

Register Setting Register Function PWM Output Pin

General register. Set the PWM period at initialization.
Setting range: > Value set in TRDO register (TRDIOCO, output
TRDGRAO — < FFFFh - value set in TRDO register inverted every
Do not write to this register when bits TSTARTO and TSTART1 half period)

in the TRDSTR register are set to 1 (count starts).

General register. Set the changing point of PWM1 output at initialization.
Setting range: > Value set in TRDO register

TRDGRBO — < Value set in TRDGRAO register - value set in TRDO register
Do not write to this register when bits TSTARTO and TSTART1
in the TRDSTR register are set to 1 (count starts).

TRDIOBO
TRDIODO

General register. Set the changing point of PWM2 output at initialization.
Setting range: > Value set in TRDO register

TRDGRAL1 — < Value set in TRDGRAO register - value set in TRDO register
Do not write to this register when bits TSTARTO and TSTART1
in the TRDSTR register are set to 1 (count starts).

TRDIOA1
TRDIOC1

General register. Set the changing point of PWM3 output at initialization.
Setting range: > Value set in TRDO register

TRDGRB1 — < Value set in TRDGRAO register - value set in TRDO register
Do not write to this register when bits TSTARTO and TSTART1
in the TRDSTR register are set to 1 (count starts).

TRDGRCO — (Not used in complementary PWM mode.) —

TRDIOB1
TRDIOD1

Buffer register. Set the changing point of next PWM1 output

(see 8.3.1 (2) Buffer Operation).

Setting range: > Value set in TRDO register TRDIOBO
< Value set in TRDGRAO register - value set in TRDO register TRDIODO
Set this register to the same value as the TRDGRBO register for
initialization.

TRDGRDO | TRDBFDO =1

Buffer register. Set the changing point of next PWM2 output

(see 8.3.1 (2) Buffer Operation).

Setting range: > Value set in TRDO register TRDIOA1
< Value set in TRDGRAO register - value set in TRDO register TRDIOC1
Set this register to the same value as the TRDGRAL register
for initialization.

TRDGRC1 | TRDBFC1 =1

Buffer register. Set the changing point of next PWM3 output

(see 8.3.1 (2) Buffer Operation).

Setting range: > Value set in TRDO register TRDIOB1
< Value set in TRDGRAO register - value set in TRDO register TRDIOD1
Set this register to the same value as the TRDGRBL register
for initialization.

TRDGRD1 | TRDBFD1 =1

Caution  When the setting of bits TCK2 to TCKO in the TRDCRI register is 000B (fcLk, fHoco) and the compare value is set
to 0000H, a request signal to the event link controller (ELC) is generated only once immediately after the count
starts. When the compare value is 0001H or higher, a request signal is generated each time a compare match
occurs.

Remark i=0o0rl,j=AB,C,orD
TRDBFDO, TRDBFC1, TRDBFD1: Bits in TRDMR register
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Figure 8 - 37 Format of Timer RD general registers Ai, Bi, Ci, and Di (TRDGRAIi, TRDGRBIi, TRDGRCi, TRDGRD:i)
(i=0or 1) [PWM3 Mode]

Address: F0278H (TRDGRAO), FO27AH (TRDGRBO),  After Reset: FFFFH Note
FFF58H (TRDGRCO), FFF5AH (TRDGRDO),
F0288H (TRDGRAL), FO28AH (TRDGRB1),
FFF5CH (TRDGRC1), FFF5EH (TRDGRD1)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TRDGRAI
TRDGRBI
TRDGRCi
TRDGRDI

— Function R/W

Bits 15 to 0 See Table 8 - 8 TRDGRji Register Functions in PWM3 Mode. R/W

Note The value after reset is undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN =0 in
the PERL register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
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Table 8 - 8 TRDGRji Register Functions in PWM3 Mode

Register Setting Register Function PWM Output Pin
General register. Set the PWM period.
TRDGRAO ) ) .
Setting range: > Value set in TRDGRAL register
- - - - — TRDIOAO
TRDGRAL General register. Set the changing point (active level timing) of PWM output
Setting range: < Value set in TRDGRAO register
. General register. Set the changing point (the timing for returning to initial output
level) of PWM output.
TRDGRBO ) ) . .
Setting range: > Value setin TRDGRBL1 register and < Value set in TRDGRAO
. TRDIOBO
register
TRDGRBL1 General register. Set the changing point (active level timing) of PWM output
Setting range: < Value set in TRDGRBO register
TRDGRCO | TRDBFCO =0 | (Not used in PWM3 mode.)
TRDGRC1 |TRDBFC1=0
TRDGRDO | TRDBFDO =0
TRDGRD1 | TRDBFD1=0
Buffer register. Set the next PWM period (see 8.3.1 (2) Buffer Operation).
TRDGRCO | TRDBFCO =1 ) . .
Setting range: < Value set in TRDGRC1 register
Buffer register. Set the changing point of next PWM output TRDIOAO
TRDGRC1 | TRDBFC1 =1 (see 8.3.1 (2) Buffer Operation).
Setting range: < Value set in TRDGRCO register
Buffer register. Set the changing point of next PWM output
(see 8.3.1 (2) Buffer Operation).
TRDGRDO | TRDBFDO =1 . . . .
Setting range: > Value set in TRDGRDL1 register and < Value set in
TRDGRCO register TRDIOBO
Buffer register. Set the changing point of next PWM output
TRDGRD1 | TRDBFD1 =1 | (see 8.3.1 (2) Buffer Operation).
Setting range: < Value set in TRDGRDO register

Caution  When the setting of bits TCK2 to TCKO in the TRDCRO register is 000B (fcLk, fHoco) and the compare value is set
to 0000H, a request signal to the event link controller (ELC) is generated only once immediately after the count
starts. When the compare value is 0001H or higher, a request signal is generated each time a compare match
occurs.

Remark i=0o0rl,j=AB,C,orD
TRDBFCO, TRDBFDO, TRDBFC1, TRDBFD1: Bits in TRDMR register
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8.2.19 Port mode register 1 (PM1)

This register sets input/output of port 1 in 1-bit units.
When using the ports (P10/TRDIOD1, P11/TRDIOC1, etc.) to be shared with the timer output pin for timer output,
set the port mode register (PMxx) bit and port register (Pxx) bit corresponding to each port to 0.

Example When using P10/TRDIOD1 for timer output
Set the PM10 bit of port mode register 1 to O.
Set the P10 bit of port register 1 to 0.

When using the ports (P10/TRDIOD1, P11/TRDIOC1, etc.) to be shared with the timer input pin for timer input,
set the port mode register (PMxx) bit corresponding to each port to 1. At this time, the port register (Pxx) bit may
be Oor 1.

Example When using P10/TRDIOD1 for timer input
Set the PM10 bit of port mode register 1 to 1.
Set the P10 bit of port register 1 to 0 or 1.

The PML1 register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 8 - 38 Format of Port mode register 1 (PM1) (100-pin products)

Address: FFF21H After Reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 PM17 PM16 | PM15 | PM14 PMI3 | PM12 | PMLL PM10
PMmn Pmn pin I/O mode selection (m=1;n=0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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8.3 Operation

8.3.1 Items Common to Multiple Modes

(1) Count Sources
The count source selection method is the same in all modes. However, the external clock cannot be

selected in PWM3 mode.

Table 8 - 9 Count Source Selection

Count Source Selection
fcLk, fHoco Note, feLk/2, foLk/4, foLk/8, The count source is selected by bits TCK2 to TCKO in the TRDCRI register.
fcLk/32
External signal input to TRDCLK pin The STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
Bits TCK2 to TCKO in the TRDCRI register are set to 101B (count source: external
clock).
The active edge is selected by bits CKEG1 and CKEGO in the TRDCRI register.
The port mode register bit for the 1/0 port multiplexed with the TRDCLK pin is set to 1
(input mode).
Remark i=0orl
Note fcik is selected when FRQSEL4 = 0 and fHoco is selected when FRQSEL4 = 1 in the user option byte (000C2H). When
selecting fHoco as the count source for timer RD, set fcLk to fiH before setting bit 4 (TRDOEN) in peripheral enable
register 1 (PER1). When changing fcLk to a clock other than fiH, clear bit 4 (TRDOEN) in peripheral enable register 1
(PER1) before changing.
Figure 8 - 39 Count Source Block Diagram
FRQSEL4 =0
few —O\O TCK2 to TCKO
=000B
fhoco ———O FRQSEL4=1
fok/2 = OOlBO
=010B
fouda O Count source -
—011B TRDi register
fek/8 — O
fck/32 = 100B O
STCLK =1 CKEGO and CKEG1
o Active edge =101B
TRDCLK/ selection
TRDIOAO : C ~—
TRDIOAO 1I/O or 1/O port
STCLK =0
Remark
i=0orl

TCKO to TCK2, CKEGO, CKEGL1: Bits in TRDCRI register
STCLK: Bit in TRDFCR register
FRQSEL4: Bit in user option byte (000C2H)

Set the pulse width of the external clock applied to the TRDCLK pin to three or more cycles of the timer RD

operating clock (fcLk).
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(2) Buffer Operation

The TRDGRC i register (i = 0 or 1) can be used as the buffer register for the TRDGRAI register, and the
TRDGRD:i register can be used as the buffer register for the TRDGRBI register by means of bits TRDBFCi
and TRDBFDi in the TRDMR register.

* TRDGRAI buffer register: TRDGRCi register
* TRDGRBI buffer register: TRDGRD:i register
Buffer operation depends on the mode. Table 8 - 10 lists the Buffer Operation in Each Mode.

Table 8 - 10 Buffer Operation in Each Mode

Function and Mode

Transfer Timing

Transfer Register

Timer mode

Input capture function

Input capture signal input

Transfer content of TRDGRAI
(TRDGRSBI) register to buffer register

Output compare function

PWM function

Compare match with TRDi register and
TRDGRAI (TRDGRBI) register

Transfer content of buffer register to
TRDGRAI (TRDGRBI) register

Reset synchronous PWM mode

Compare match with TRDO register and
TRDGRAO register

Transfer content of buffer register to
TRDGRAI (TRDGRBI) register

Complementary PWM mode

Compare match with TRDO register and
TRDGRAO register
TRD1 register underflow

Transfer content of buffer register to
registers TRDGRBO, TRDGRAL, and
TRDGRBL1

PWM3 mode

Compare match with TRDO register and
TRDGRAO register

Transfer content of buffer register to
TRDGRAI (TRDGRBI) register

Remark i=0orl
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Figure 8 - 40 Buffer Operation in Input Capture Function

TRDIOAI input o
(input capture signal)

TRDGRCi register TRDGRAI

(buffer) register TRDI

TRDIOAI input

TRDi register n-1 X

TRDGRAI register m

TRDGRC i register
(buffer)

Remark
i=0orl

The above diagram applies under the following conditions:
* The TRDBFCi bit in the TRDMR register is set to 1 (TRDGRCi register is buffer register for TRDGRA. register).
* Bits IOA2 to IOAO in the TRDIORAI register are set to 100B (input capture at the rising edge).

Figure 8 - 41 Buffer Operation in Output Compare Function

Compare match signal

TRDGRC i register TRDQRAl »| Comparator |« TRDI
(buffer) register
TRDi register m-1 X m X m+1

i

1

1

TRDGRAI register m X n
/ b 4
i Transfer

TRDGRC i register
(buffer)

TRDIOAI output

Remark
i=0or1l

The above diagram applies under the following conditions:
» The TRDBFCi bit in the TRDMR register is set to 1 (TRDGRCi register is buffer register for TRDGRAI register).
* Bits IOA2 to IOAOQ in the TRDIORAI register are set to 001B (low output by compare match).
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Perform the following for the timer mode (input capture and output compare functions).

When using the TRDGRCi (i = 0 or 1) register as the buffer register for the TRDGRAI register

« Set the IOC3 bit in the TRDIORC: register to 1 (general register or buffer register).

 Set the IOC2 bit in the TRDIORC: register to the same value as the IOA2 bit in the TRDIORAI register.

When using the TRDGRDi register as the buffer register for the TRDGRBI register
« Set the I0D3 bit in the TRDIORC: register to 1 (general register or buffer register).
* Set the I0D2 bit in the TRDIORCi register to the same value as the I0B2 bit in the TRDIORAI register.

In the input capture function, when the TRDGRCi register or TRDGRDi register is used as a buffer register, the
IMFC bit or IMFD bit in the TRDSRI register is set to 1 at the input edge of the TRDIOCi pin or TRDIODi pin.

When also using registers TRDGRCi and TRDGRDi as buffer registers for the output compare function, PWM
function, reset synchronous PWM mode, complementary PWM mode, and PWM3 mode, bits IMFC and IMFD in
the TRDSRI register are set to 1 by a compare match with the TRDi register.
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(3) Synchronous Operation

The TRD1 register is synchronized with the TRDO register

* Synchronous preset
When the TRDSYNC bit in the TRDMR register is set to 1 (synchronous operation), the data is written to
both the TRDO and TRD1 registers after writing to the TRDi register.

« Synchronous clear
When the TRDSYNC bit is 1 and bits CCLR2 to CCLRO in the TRDCRO register are 011B (synchronous
clear), the TRDO register is set to 0000H at the same time as the TRD1 register is set to 0000H.
Also, when the TRDSYNC bit is 1 and bits CCLR2 to CCLRO are 011B (synchronous clear), the TRD1
register is set to 0000H at the same time as the TRDO register is set to 0000H.

Figure 8 - 42 Synchronous Operation

TRDIOAO input | A—‘ S—

Set to 0000H by iinput capture

Value in N :
TRDO register n writing :
¢ !
]
]
1
]
1
]
N p=====-—pXf-===-- nis set
:
]
1
1
[]
]
]
1
1
1
1
Value in H
TRD1 register H
i
1
LI st G nis set
{

) J

Set to 0000H in synchronization with TRDO

The above diagram applies under the following conditions:

* The TRDSYNC bit in the TRDMR register is set to 1 (synchronous operation).
« Bits CCLR2 to CCLRO in the TRDCRO register are set to 001B (TRDO is set to 0000H by input capture).
Bits CCLR2 to CCLRO in the TRDCR1 register are set to 011B (TRD1 is set to 0000H in synchronization with TRDO).
« Bits IOA2 to IOAQ in the TRDIORAO register are set to 100B.
« Bits CMD1 to CMDO in the TRDFCR register are set to 00B. ¢ (Input capture at the rising edge of TRDIOAO input)
The PWM 3 bit in the TRDFCR register is set to 1.
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(4) Pulse Output Forced Cutoff
In the PWM function, reset synchronous PWM mode, complementary PWM mode, and PWM3 mode, the
TRDIOji output pin (i=0or 1, j=A, B, C, or D) can be forcibly set to an 1/O port by the INTPO pin input, and
pulse output can be cut off.
The pins used for output in these functions or modes can function as the output pin of timer RD when the
corresponding bit in the TRDOERL1 register is set to O (timer RD output enabled). When the TRDPTO bit in
the TRDOERR? register is 1 (pulse output forced cutoff signal input INTPO enabled), the output pin used as a
timer RD output port outputs the output value set by the DFCK1, DFCKO, PENB1, PENBO, DFD, DFC, DFB,
or DFA bit in the TRDDFO or TRDDF1 register.

Make the following settings to use this function:

« Set the pin state when the pulse output is forcibly cut off (high impedance, low output, or high output) using
TRDDFi.

» Refer to 8.3.1 (5) Event Input from Event Link Controller (ELC) for details on pulse forced cutoff by ELC
event input.

* When pulse output is forcibly cut out, the TRDSHUTS bit in the TRDOERZ2 register is set to 1. To suspend
the forced cutoff of the pulse output, set the TRDSHUTS bit to O while the count is stopped (TSTARTI = 0).

« Set the TRDPTO bit in the TRDOERZ2 register to 1 (pulse output forced cutoff signal input INTPO enabled).
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Figure 8 - 43 Pulse Output Forced Cutoff

ELC event input O operation

INTPO input

Setting when cutting off

TRDSHUTS bit

Timer RD output data

D Q

TRDPTO
ELC event input 1 operation

SFR write

TRDPTO, TRDSHUTS: Bits in TRDOERZ2 register
PM10, PM11, PM15, PM17: Bits in PM1 register

Output data from TRDIOAO

multiplexed 1/O port

Hi-Z selection signal

PM17

Setting when cutting off

Timer RD output data
TRDIOBO

Output data from
multiplexed 1/O port

Hi-Z selection signal

Setting when cutting off

Timer RD output data
TRDIOC1

Output data from
multiplexed 1/O port

Hi-Z selection signal

Setting when cutting off

Timer RD output data

TRDIOD1

Output data from
multiplexed 1/O port

Hi-Z selection signal
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(5) Event Input from Event Link Controller (ELC)
Timer RD performs two operations by event input from the ELC.

(&) Input capture operation DO/D1

Timer RD performs input capture operation DO/D1 by event input from the ELC. The IMFD bit in the

TRDSRI register is set to 1 at this time. To use this function, select the input capture function in timer
mode and set the ELCICEO or ELCICEL1 bit in the TRDELC register to 1. This function is disabled in
any other modes (for the output compare function in timer mode, PWM function, reset synchronous
PWM mode, complementary PWM mode, and PWM3 mode).

(b) Pulse output forced cutoff operation Note

The pulse output is forcibly cutoff by event input from the ELC. To use this function, select pulse output

mode (PWM function, reset synchronous PWM mode, complementary PWM mode, or PWM3 mode)
and set the ELCOBEO or ELCOBEL bit to 1. This function is disabled for the input capture function in
timer mode.

Note The pulse output is cutoff during the low input period for forced cutoff from the INTPO pin, but the

pulse output is cutoff once by a single event input from the ELC for forced cutoff by the ELC event.

[Setting Procedure]
(1) Set timer RD as the ELC event link destination.
(2) Set bits ELCICEI (i=0or 1) and ELCOBEI (i=0or 1) to 1 in the TRDELC register.

(6) Event Output to Event Link Controller (ELC)
Table 8 - 11 lists the Timer RD Modes and Event Output to ELC.

Table 8 - 11 Timer RD Modes and Event Output to ELC

Used Mode Output Source ELC

Input capture function TRDIOAO edge detection set by bits IOA1 and IOAQ in the TRDIORAGO register Available
TRDIOBO edge detection set by bits IOB1 and IOB0 in the TRDIORAO register Available
TRDIOCO edge detection set by bits IOC1 and IOCO0 in the TRDIORCO register Available
TRDIODO edge detection set by bits IOD1 and I0DO0 in the TRDIORDO register Available
TRDIOAL1 edge detection set by bits IOA1 and IOAO in the TRDIORAL register Available
TRDIOBL1 edge detection set by bits IOB1 and I0B0 in the TRDIORAL register Available
TRDIOC1 edge detection set by bits IOC1 and IOCO0 in the TRDIORC1 register Available
TRDIOD1 edge detection set by bits IOD1 and I0DO in the TRDIORD register Available

Output compare function, Compare match between registers TRDO and TRDGRAO Available

PWM function, reset Compare match between registers TRDO and TRDGRBO Available

synchronous PWM mode, - -
Compare match between registers TRDO and TRDGRCO Available

complementary PWM

mode. and PWM3 mode Compare match between registers TRDO and TRDGRDO Available
Compare match between registers TRD1 and TRDGRA1 Available
Compare match between registers TRD1 and TRDGRB1 Available
Compare match between registers TRD1 and TRDGRC1 Available
Compare match between registers TRD1 and TRDGRD1 Available

Complementary PWM TRD1 register underflow .

Available
mode
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8.3.2 Input Capture Function

The input capture function measures the external signal width and period. The content of the TRDi register
(counter) is transferred to the TRDGR]i register as a trigger of the TRDIOji pin (i=0or 1, j=A, B, C, or D)
external signal (input capture). Since this function is enabled with a combination of the TRDIQji pin and TRDGRji
register, the input capture function, or any other mode or function, can be selected for each individual pin.

Figure 8 - 44 shows the Block Diagram of Input Capture Function, Table 8 - 12 lists the Input Capture Function
Specifications, and Figure 8 - 45 shows an Operation Example of Input Capture Function.

Figure 8 - 44 Block Diagram of Input Capture Function

Input capture signal

. Edge
TRDIOAT (O selection

TRDGRAI
(Note 1) register

TRDi register

TRDGRCi
register

by

) Edge
TrRoloci O selection

Input capture signal

Input capture signal

TrRoI0BI (O _Ed%e

selection
TRDGRBI !
(Note 2) register
TRDGRDiI
register
Edge
TRDIODI OH car

selection

Input capture signal

Remark
i=0orl

Note 1. When the TRDBFCi bit in the TRDMR register is set to 1 (TRDGRCi register is buffer register for TRDGRAI register).
Note 2. When the TRDBFDi bit in the TRDMR register is set to 1 (TRDGRDi register is buffer register for TRDGRBI register).
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Table 8 - 12 Input Capture Function Specifications

Item

Specification

Count sources

froco Note fcik, fcLk/2, fcLk/4, fcLk/8, foik/32
External signal input to the TRDCLK pin (active edge selected by a program)

Count operations

Increment

Count period

When bits CCLR2 to CCLRO in the TRDCRI register are set to 000B (free-running operation).
1/fk x 65536 fk: Frequency of count source

Count start condition

1 (count starts) is written to the TSTARTI bit in the TRDSTR register.

Count stop condition

0 (count stops) is written to the TSTARTI bit in the TRDSTR register when the CSELi bit in the
TRDSTR register is set to 1.

Interrupt request generation
timing

* Input capture (active edge of TRDIOji input)
» TRDi register overflow

TRDIOAO pin function

1/0 port, input-capture input, or TRDCLK (external clock) input

TRDIOBO, TRDIOCO,
TRDIODO, TRDIOA1 to
TRDIOD1 pin function

1/0 port or input-capture input (selectable for each pin)

INTPO pin function

Not used (I/O port or INTPO interrupt input)

Read from timer

The count value can be read by reading the TRDi register.

Write to timer

« When the TRDSYNC bit in the TRDMR register is 0 (timer RDO and timer RD1 operate
independently).
Data can be written to the TRDi register.

» When the TRDSYNC bit in the TRDMR register is 1 (timer RDO and timer RD1 operate
synchronously).
Data can be written to both the TRDO and TRD1 registers by writing to the TRDi register.

Selectable functions

* Input-capture input pin selection
Either one pin or multiple pins of TRDIOAI, TRDIOBI, TRDIOCIi, and TRDIODi.
* Input-capture input active edge selection
Rising edge, falling edge, or both rising and falling edges
* Timing for setting the TRDi register to 0000H.
At overflow or input capture
« Buffer operation (see 8.3.1 (2) Buffer Operation)
 Synchronous operation (see 8.3.1 (3) Synchronous Operation)
« Digital filter.

The TRDIOji input is sampled, and when the sampled input level match three times, that level is

determined.
* Input capture operation by event input from event link controller (ELC).

Note

froco is selected only when FRQSEL4 = 1 in the user option byte (000C2H). When selecting fHoco as the count source
for timer RD, set fcLk to fiH before setting bit 4 (TRDOEN) in peripheral enable register 1 (PER1). When changing fcLk to

a clock other than fiH, clear bit 4 (TRDOEN) in peripheral enable register 1 (PER1) before changing.

Remark

i=0orl,j=A,B,C,orD
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(1) Operation Example
By setting bits CCLRO to CCLR2 in the TRDCRI register (i = 0 or 1), the timer RDi counter value is reset by
an input capture/compare match. Figure 8 - 45 shows an operation example with bits CCLR2 to CCLRO set
to 001B.
If the input capture operation has been set to clear the count during operation and is performed when the
timer count value is FFFFH, depending on the timing between the count source and input capture operation
interrupt flags bits IMFA to IMFD and OVF in the TRDSRI register may be set to 1 simultaneously.

Figure 8 - 45 Operation Example of Input Capture Function

TRDCLK input
count source

%
§

Count value
in TRDi register
FFFFH |

0009H

0006H

1
1
1
1
]
1
1
1
1
4
1
]
1
]
1
1
1
1
1
1
]
1
4
1
1
1
1
1
1
]
1
1
1
1
[}
[}

0000H

TSTARTI bitin
TRDSTR register

» Time

Y

r%

| 65536
TRDIOAI input
1
1
H
TRDGRAI register N X 0006H \ X 0009H
i \ Transfer Transfer
TRDGRC i register X\ X‘OOOGH
H H H
: ] 1
IMFA bit in : ‘
TRDSRI register |
H A
1

OVF bit in Set to 0 by a program

TRDSRI register

Remark
i=0orl

The above diagram applies under the following conditions:

Bits CCLR2 to CCLRO in the TRDCRI register are set to 001B (TRDi register is set to 0000H by TRDGRAI register input capture).
Bits TCK2 to TCKO in the TRDCRI register are set to 101B (TRDCLK input for the count source).

Bits CKEG1 and CKEGO in the TRDCRI register are set to 01B (count at the falling edge for the count source).

Bits IOA2 to IOAO in the TRDIORAI register are set to 101B (input capture at the falling edge of TRDIOAI input).

The TRDBFCi bit in the TRDMR register is set to 1 (TRDGRCi register is buffer register for TRDGRAI register).
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(2) Digital Filter
The TRDIQjiinput (i=0o0r1,j=A, B, C, or D) is sampled, and when the sampled input level matches three
times, its level is determined. Select the digital filter function and sampling clock using the TRDDFi register.
Figure 8 - 46 shows the Block Diagram of Digital Filter.

Figure 8 - 46 Block Diagram of Digital Filter

TCK2 to TCK DFCK1 and DFCKO
TROCLK ————— =018 & fafzatorr —= 208
fouf32 —— =1008 5 foudgote? 4\0_&)
—ouB foulorez = 10B o

foulg ——— ZOHBA

fould ——=010B

foul2 = 001B

=11B,

Count source

Synchronized by two

=000B i
fex, froco™ e flip-flops
- - / Sampling clock
Timer RD operating clock
foue ] |
DFj
C C )
Match detection Edge detection 1
TRDIOji input signal Q D Q circuit || Edge dete 0
circuit
(flip-flop output)
Latch Latch
I0A2 to IOAD 4 0
10B2 to 10BO
10C3 to 10CO
10D3 to IODO v

Edge detection
circuit

Clock period selected by
bits TCK2 to TCKO or bits
DFCK1 and DFCKO

Sampling clock

TRDIOji input signal

|
|

Matched three times, so
Input signal through recognized as a signal
digital filtering change
/ Signal transmission
delayed up to five
sampling clocks

If fails to match three times, is assumed
to be noise and not transmitted

Remark

i=0orl,j=AB,C,orD

TCKO to TCK2: Bits in TRDCRI register
DFCKO, DFCK1, DFj: Bits in TRDDF register

I0AO0 to I0A2, I0BO to IOB2: Bits in TRDIORAI register
10CO to I0C3, 10DO to I0D3: Bits in TRDIORCi register

Note 1. fcik is selected when FRQSEL4 = 0 and fHoco is selected when FRQSEL4 = 1 in the user option byte (000C2H).
Note 2. When FRQSEL4 = 1 in the user option byte (000C2H), fcLk/32, fcLk/8, and fcLk are set to fHoco/32, fHoco/8, and fHoco,
respectively.
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8.3.3  Output Compare Function

This function detects matches (compare match) between the content of the TRDGR;i register (j = A, B, C, or D)
and the content of the TRDi register (counter) (i = 0 or 1). When the contents match, an arbitrary level is output
from the TRDIQ;ji pin. Since this function is enabled with a combination of the TRDIOji pin and TRDGR]ji register,
the output compare function, or any other mode or function, can be selected for each individual pin.

Figure 8 - 47 shows the Block Diagram of Output Compare Function, Table 8 - 13 lists the Output Compare
Function Specifications, and Figure 8 - 48 shows an Operation Example of Output Compare Function.

Figure 8 - 47 Block Diagram of Output Compare Function

Timer RDO
TRDO
_ Compare match signal
Output |~
TRDIOAD O control . |
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TRDIOBO O control ) |
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TRDIORCO register
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Output <_/O
TRDIODO O control 10D3 =1
—>| Comparator |<—| TRDGRDO |
Timer RD1
TRD1
_ Compare match signal
Output |~
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TRDIORCI register
Compare match signal
Output &/O
TRDIOC1 O control 10C3=1
c—>| Comparator |<—| TRDGRC1 |
_ Compare match signal
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Table 8 - 13 Output Compare Function Specifications

Iltem Specification

Count sources froco Note fcik, fcLk/2, fcLk/4, fcLk/8, foLk/32
External signal input to the TRDCLK pin (active edge selected by a program)

Count operations Increment
Count period * When bits CCLR2 to CCLRO in the TRDCRI register are set to 000B (free-running
operation).

1/fk x 65536 fk: Frequency of count source

* When bits CCLR1 and CCLRO in the TRDCRI register are set to 01B or 10B
(TRDi register is set to 0000H at compare match with TRDGR]i register).
1/fk x (n + 1)
n: Value set in the TRDGR]i register

Waveform output timing Compare match (contents of registers TRDi and TRDGRji match)
Count start condition 1 (count starts) is written to the TSTARTI bit in the TRDSTR register.
Count stop conditions * 0 (count stops) is written to the TSTARTI bit in the TRDSTR register when the CSELi bit in

the TRDSTR register is set to 1.
The output compare output pin holds the output level before the count stops.
* When the CSELi bit in the TRDSTR register is set to 0, the count stops at the compare
match with the TRDGRAI register.
The output compare output pin holds the level after output change by compare match.

Interrupt request generation timing » Compare match (contents of registers TRDi and TRDGRji match)
» TRDi register overflow

TRDIOAO pin function I/0 port, output-compare output, or TRDCLK (external clock) input

TRDIOBO, TRDIOCO, TRDIODO, 1/0 port or output-compare output (selectable for each pin)

TRDIOA1 to TRDIOD1 pin function

INTPO pin function 1/0 port or INTPO interrupt input

Read from timer The count value can be read by reading the TRDi register.

Write to timer * When the TRDSYNC bit in the TRDMR register is set to 0 (timer RDO and timer RD1

operate independently). Data can be written to the TRDi register.

* When the TRDSYNC bit in the TRDMR register is set to 1 (timer RDO and timer RD1
operate synchronously). Data can be written to both the TRDO and TRD1 registers by
writing to the TRDi register.

Selectable functions « Output-compare output pin selection
Either one pin or multiple pins of TRDIOAI, TRDIOBI, TRDIOCI, and TRDIODi.
 Output level selection at compare match
Low output, high output, or inverted output level
* Initial output level selection
The level can be set for the period from the count start to the compare match.
* Timing for setting the TRDi register to 0000H
Overflow or compare match in the TRDGRAI register
* Buffer operation (see 8.3.1 (2) Buffer Operation)
» Synchronous operation (see 8.3.1 (3) Synchronous Operation)
» Changing output pins for registers TRDGRCi and TRDGRDi
The TRDGRCi register can be used as output control of the TRDIOAI pin and the
TRDGRDi register can be used as output control of the TRDIOBI pin.
« Pulse output forced cutoff signal input (see 8.3.1 (4) Pulse Output Forced Cutoff)
» Timer RD can be used as the internal timer without output.

Note fHoco is selected only when FRQSEL4 = 1 in the user option byte (000C2H). When selecting fHoco as the count source
for timer RD, set fcLk to fiH before setting bit 4 (TRDOEN) in peripheral enable register 1 (PER1). When changing fcLk to
a clock other than fin, clear bit 4 (TRDOEN) in peripheral enable register 1 (PER1) before changing.

Remark i=0orl,j=AB,C,orD
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(1) Operation Example
By setting bits CCLRO to CCLR2 in the TRDCRI register (i = 0 or 1), the timer RDi counter value is reset by
an input capture/compare match. If the expected compare value is FFFFH at this time, FFFFH changes to
0000H, same as the overflow operation, and the overflow flag is set to 1.

Figure 8 - 48 Operation Example of Output Compare Function
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) ] ] ]
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]

IMFC bit in
TRDSRI register

Il
l

\ Set to 0 by a program _'

Remark

i=0orl

M: Value set in TRDGRAI register
n: Value set in TRDGRBI register
p: Value set in TRDGRCi register

The above diagram applies under the following conditions:

The CSELi bit in the TRDSTR register is set to 1 (TRDi is not stopped by compare match).

Bits TRDBFCi and TRDBFDi in the TRDMR register are set to 0 (TRDGRCi and TRDGRDi do not operate as buffers).

Bits EAI, EBi, and ECi in the TRDOERL register are set to 0 (TRDIOAIi, TRDIOBi and TRDIOCi output enabled).

Bits CCLR2 to CCLRO in the TRDCRI register are set to 001B (TRDi is set to 0000H by compare match with TRDGRAI).

Bits TOAI and TOBI in the TRDOCR register is set to O (initial output is low until compare match), the TOCi bit is set to 1 (initial output is high until
compare match).

Bits IOA2 to IOAQ in the TRDIORAI register are set to 011B (TRDIOAI output inverted at TRDGRAi compare match).

Bits IOB2 to I0BO in the TRDIORAI register are set to 010B (TRDIOBI high output at TRDGRBi compare match).

Bits IOC3 to IOCO in the TRDIORCi register are set to 1001B (TRDIOCi low output at TRDGRCi register compare match).

Bits IOD3 to I0DO in the TRDIORCi register are set to 1000B (TRDGRDi register does not control TRDIOBI pin output. Pin output by compare
maitch is disabled).
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(2) Changing Output Pins in Registers TRDGRCi (i = 0 or 1) and TRDGRDi
The TRDGRC i register can be used for output control of the TRDIOAI pin, and the TRDGRDi register can
be used for output control of the TRDIOBI pin. Therefore, each pin output can be controlled as follows:
* TRDIOAI output is controlled by the values in registers TRDGRAi and TRDGRCi.
* TRDIOBI output is controlled by the values in registers TRDGRBIi and TRDGRDi.

Figure 8 - 49 Changing Output Pins in Registers TRDGRCi and TRDGRDi

Timer RDO
TRDO
_ Compare match signal
Qutput [
TRDIOAO O outeut | |
10C3=0in —>| Comparator |<—| TRDGRAO |
TRDIORCO register
Compare match signal
Output <_(/C
TRDIOCO O control 10C3 =1
—>| Comparator |<—| TRDGRCO |
P Compare match signal
OQutput [~
TRDIOBO O outut | |
10D3 =0 —>| Comparator |<—| TRDGRBO |
TRDIORCO register
Compare match signal
Output <_/O
TRDIODO O control |OD3 = 1
—>| Comparator |<—| TRDGRDO |
Timer RD1
TRD1
P Compare match signal
Output [~
TRDIOAL O outpu’ | |
10C3=0in —>| Comparator |<—| TRDGRA1 |
TRDIORCI1 register
Compare match signal
Output ‘_/C
TRDIOC1 O control 10C3=1
—>| Comparator |<—| TRDGRC1 |
P Compare match signal
Output [~
TRDIOBL O control ) |
I0D3 =0 in —>| Comparator |<—| TRDGRB1 |
TRDIORCI1 register
Compare match signal
Output
TRDIOD1 O control 10D3 =1
—>| Comparator |4—| TRDGRD1 |

Change output pins in registers TRDGRCi and TRDGRDi as follows:

« Select 0 (TRDGRji register output pin is changed) using the 10j3 (j = C or D) bit in the TRDIORCi register.

* Set the TRDBFji bit in the TRDMR register to 0 (general register).

« Set different values in registers TRDGRCi and TRDGRA.. Also, set different values in registers TRDGRDi
and TRDGRBiI.
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Figure 8 - 50 shows an Operation Example When TRDGRCIi Register is Used for Output Control of TRDIOAI Pin
and TRDGRDi Register is Used for Output Control of TRDIOBI Pin.

Figure 8 - 50 Operation Example When TRDGRCIi Register is Used for Output Control of TRDIOAI Pin
and TRDGRDi Register is Used for Output Control of TRDIOBI Pin
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~Sa

Output invérted by compare match

=

IMFB bit in
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—

4 .

Set to 0 by a program Set to 0 by a program

IMFD bit in
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Remark

i=0orl
m: Value set in TRDGRAI register

n: Value set in TRDGRCi register
p: Value set in TRDGRBI register
g: Value set in TRDGRDi register

The above diagram applies under the following conditions:

The CSELi bit in the TRDSTR register is set to 1 (TRDi register is not stopped by compare match).

Bits TRDBFCi and TRDBFDi in the TRDMR register are set to 0 (TRDGRCi and TRDGRDi do not operate as buffers).
Bits EAi and EBi in the TRDOERL1 register are set to 0 (TRDIOAi and TRDIOBi output enabled).

Bits CCLR2 to CCLRO in the TRDCRI register are set to 001B (TRDi is set to 0000H by compare match with TRDGRAI).
Bits TOAI and TOBi in the TRDOCR register are set to 0 (initial output is low until compare match).

Bits IOA2 to IOAQ in the TRDIORAI register are set to 011B (TRDIOAI output inverted at TRDGRAi compare match).
Bits IOB2 to I0BO in the TRDIORAI register are set to 011B (TRDIOBI output inverted at TRDGRBi compare match).
Bits IOC3 to IOCO in the TRDIORCi register are set to 0011B (TRDIOAI output inverted at TRDGRCi compare match).
Bits IOD3 to IODO in the TRDIORCi register are set to 0011B (TRDIOBI output inverted at TRDGRDi compare match).
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8.3.4 PWM Function

In PWM function, a PWM waveform is output. Up to three PWM waveforms with the same period can be output

by timer RDi (i = 0 or 1). Also, up to six PWM waveforms with the same period can be output by synchronizing

timer RDO and timer RD1.

Since this mode functions by a combination of the TRDIOji pin (i= 0 or 1, j = B, C, or D) and TRDGRji register,

PWM function, or any other mode or function, can be selected for each individual pin. (However, since the

TRDGRAI register is used when using any pin for PWM function, the TRDGRAI register cannot be used for other

modes.)

Figure 8 - 51 shows the Block Diagram of PWM Function, Table 8 - 14 lists the PWM Mode Specifications, and
Figure 8 - 52 and Figure 8 - 53 show Operation Examples in PWM Function.

Figure 8 - 51 Block Diagram of PWM Function

Compare match signal

TRDi

>—>| Comparator |<—|

TRDIOBI O—— TRDGRAI |<_
_ Compare match signal
b | (Note 1)
i i e
TRDIOCIi O——— o“tf“: >—>| Comparator |<—| TRDGRBI [«
contro P Compare match signal
TRDIODIi O——— >—>| Comparator |<—| TRDGRCi l—
P Compare match signal (Note 2)
—>| Comparator |<—| TRDGRDi l—
Remark
i=0orl

Note 1. When the TRDBFCi bit in the TRDMR register is set to 1 (TRDGRCi register is buffer register for TRDGRA. register).
Note 2. When the TRDBFDi bit in the TRDMR register is set to 1 (TRDGRDi register is buffer register for TRDGRBI register).
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Table 8 - 14 PWM Mode Specifications

Item Specification

Count sources froco Note fcik, fcLk/2, fcLk/4, fcLk/8, foik/32
External signal input to the TRDCLK pin (active edge selected by a program)

Count operations Increment

PWM waveform PWM period: 1/fk x (m + 1)

Active level width: 1/fk x (m - n)

Inactive level width: 1/fk x (n + 1)
fk: Frequency of count source
m: Value set in the TRDGRAI register
n: Value set in the TRDGR]i register

p m+1
-“— pa—>
n+1 m-n (When low is selected as the active level)
Count start condition 1 (count starts) is written to the TSTARTI bit in the TRDSTR register.
Count stop conditions « 0 (count stops) is written to the TSTARTI bit in the TRDSTR register when the CSELI bit in the

TRDSTR register is set to 1.
The PWM output pin holds the output level before the count stops.
» When the CSELi bit in the TRDSTR register is set to 0, the count stops at the compare match
with the TRDGRAI register.
The PWM output pin holds the level after output change by compare match.

Interrupt request generation timing | « Compare match (content of the TRDi register matches content of the TRDGRhi register)
» TRDi register overflow

TRDIOAQO pin function 1/0 port or TRDCLK (external clock) input
TRDIOAL1 pin function 1/0 port

TRDIOBO, TRDIOCO, TRDIODO, |1/O port or pulse output (selectable for each pin)
TRDIOB1, TRDIOC1, TRDIOD1

pin function

INTPO pin function Pulse output forced cutoff signal input (I/O port or INTPO interrupt input)

Read from timer The count value can be read by reading the TRDi register.

Write to timer The value can be written to the TRDi register.

Selectable functions * One to three PWM output pins selectable with timer RDi

Either one pin or multiple pins of TRDIOBI, TRDIOCI, and TRDIODi.

* Active level selectable for each pin.
« Initial output level selectable for each pin.
» Synchronous operation (see 8.3.1 (3) Synchronous Operation)
« Buffer operation (see 8.3.1 (2) Buffer Operation)
« Pulse output forced cutoff signal input (see 8.3.1 (4) Pulse Output Forced Cutoff)

Note fHoco is selected only when FRQSEL4 = 1 in the user option byte (000C2H). When selecting fHoco as the count source

for timer RD, set fcLk to fiH before setting bit 4 (TRDOEN) in peripheral enable register 1 (PER1). When changing fcLk to
a clock other than fin, clear bit 4 (TRDOEN) in peripheral enable register 1 (PER1) before changing.

Remark i=0o0rl,j=B,C,orD,h=A,B,C,orD
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(1) Operation Example

Figure 8 - 52 Operation Example in PWM Function
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Remark

i=0orl

m: Value set in TRDGRAI register
n: Value set in TRDGRBI register
p: Value set in TRDGRCi register
g: Value set in TRDGRDi register

B

The above diagram applies under the following conditions:

Bits TRDBFCi and TRDBFDi in the TRDMR register are set to 0 (TRDGRCi and TRDGRDi do not operate as buffers).

Bits EBI, ECi, and EDi in the TRDOERL register are set to 0 (TRDIOBI, TRDIOCi and TRDIODi output enabled).

Bits TOBi and TOCi in the TRDOCR register are set to 0 (inactive level), the TODi bit is set to 1 (active level).

The POLB bit in the TRDPOCRI register is set to 1 (active level is high), bits POLC and POLD are set to O (active level is low).
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Figure 8 - 53 Operation Example in PWM Function (Duty Cycle 0%, Duty Cycle 100%)
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m: Value set in TRDGRAI register

The above diagram applies under the following conditions:
The EBi bit in the TRDOER1 register is set to 0 (TRDIOBi output enabled).
The POLB bit in the TRDPOCRI register is set to 0 (active level is low).

Since no compare match in the TRDGRBI register is
generated, a low level is not applied to the TRDIOBI
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8.3.5

Reset Synchronous PWM Mode

In this mode, three normal-phases and three counter-phases of the PWM waveform are output with the same

period (three-phase, sawtooth wave modulation, and no dead time).

Figure 8 - 54 shows the Block Diagram of Reset Synchronous PWM Mode, Table 8 - 15 lists the Reset

Synchronous PWM Mode Specifications, Figure 8 - 55 shows an Operation Example in Reset Synchronous
PWM Mode.
See Figure 8 - 53 Operation Example in PWM Function (Duty Cycle 0%, Duty Cycle 100%) for an operation

example in PWM Mode with duty cycle 0% and duty cycle 100%.

Note

Figure 8 - 54 Block Diagram of Reset Synchronous PWM Mode
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Table 8 - 15 Reset Synchronous PWM Mode Specifications

Item

Specification

Count sources

froco Note, fcik, fcLk/2, fcLk/4, fcLk/8, feLk/32
External signal input to the TRDCLK pin (active edge selected by a program)

Count operations

The TRDO register is incremented (the TRDL1 register is not used).

PWM waveform

PWM period: 1/fk x (m + 1)
Active level of normal-phase: 1/fk x (m - n)
Inactive level of counter-phase: 1/fk x (n + 1)
fk: Frequency of count source
m: Value set in the TRDGRAO register
n: Value set in the TRDGRBO register (PWM1 output)
Value set in the TRDGRAL register (PWM2 output)
Value set in the TRDGRBL register (PWM3 output)

m+1

-t »
-t

-
T

Normal-phase

(When low is selected as the active level)

L

Counter-phase

Count start condition

1 (count starts) is written to the TSTARTO bit in the TRDSTR register.

Count stop conditions

« 0 (count stops) is written to the TSTARTO bit when the CSELDO bit in the TRDSTR register is set to
1.
The PWM output pin outputs the initial output level selected by bits OLSO and OLS1 in the
TRDFCR register.

* When the CSELO bit in the TRDSTR register is set to 0, the count stops at the compare match
with the TRDGRAO register.
The PWM output pin outputs the initial output level selected by bits OLSO and OLS1 in the
TRDFCR register.

Interrupt request generation
timing

» Compare match (content of the TRDO register matches content of registers TRDGRJ0,
TRDGRAL, and TRDGRB1)
* TRDO register overflow

TRDIOAO pin function

1/0 port or TRDCLK (external clock) input

TRDIOBO pin function

PWM1 output normal-phase output

TRDIODO pin function

PWM1 output counter-phase output

TRDIOAL1 pin function

PWM2 output normal-phase output

TRDIOC1 pin function

PWM2 output counter-phase output

TRDIOBL1 pin function

PWM3 output normal-phase output

TRDIOD1 pin function

PWMS3 output counter-phase output

TRDIOCO pin function

Output inverted every PWM period

INTPO pin function

Pulse output forced cutoff signal input (/O port or INTPO interrupt input)

Read from timer

The count value can be read by reading the TRDO register.

Write to timer

The value can be written to the TRDO register.

Selectable functions

* The normal-phase and counter-phase active level and initial output level are selected individually.
« Buffer operation (see 8.3.1 (2) Buffer Operation)
* Pulse output forced cutoff signal input (see 8.3.1 (4) Pulse Output Forced Cutoff)

Note fHoco is selected only when FRQSEL4 = 1 in the user option byte (000C2H). When selecting fHoco as the count source
for timer RD, set fcLk to fiH before setting bit 4 (TRDOEN) in peripheral enable register 1 (PER1). When changing fcLk to
a clock other than fin, clear bit 4 (TRDOEN) in peripheral enable register 1 (PER1) before changing.

Remark j=A,B,C,orD
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(1) Operation Example

Figure 8 - 55 Operation Example in Reset Synchronous PWM Mode
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Remark
i=0or1l

m: Value set in TRDGRAO register
n: Value set in TRDGRBO register
p: Value set in TRDGRAL register
q: Value set in TRDGRBL1 register

The above diagram applies under the following condition:
Bits OLS1 and OLSO in the TRDFCR register are set to 0 (initial output level is high, active level is low).

Transfer from the buffer register to the
general register during buffer operation

Transfer from the buffer register to the
general register during buffer operation
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8.3.6

Complementary PWM Mode

In this mode, three normal-phases and three counter-phases of the PWM waveform are output with the same

period (three-phase, triangular wave modulation, and with dead time).
Figure 8 - 56 shows the Block Diagram of Complementary PWM Mode, Table 8 - 16 lists the Complementary
PWM Mode Specifications, and Figure 8 - 57 shows the Output Model of Complementary PWM Mode, and
Figure 8 - 58 shows an Operation Example in Complementary PWM Mode.

Figure 8 - 56 Block Diagram of Complementary PWM Mode

Buffer Waveform control
TRDGRAO > Period (O TRDIOCO
register
Normal-pha%e)
TRDIOBO
TRDGRDO > TRDGRBO > PWM1 Counter-phase
register register (O TRDIODO
Normal-phase
TRDGRC1 TRDGRAL O TRDIOAL
) > ) > PWM2 Counter-phase
register register () TRDIOC1
Normal-phase
TRDGRDL1 TRDGRB1 O TRDIOB1
. > ) ' PWM3 Counter-phase
register register O TRDIOD1
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Table 8 - 16 Complementary PWM Mode Specifications

Item

Specification

Count sources

froco Note 1 fcik, fcLk/2, fcik/4, fcLk/8, feLk/32

External signal input to the TRDCLK pin (active edge selected by a program)

Set bits TCK2 to TCKO in the TRDCR1 register to the same value (same count source) as bits
TCK2 to TCKO in the TRDCRO register.

Count operations

Increment or decrement.

Registers TRDO and TRD1 are decremented with the compare match with registers TRDO and
TRDGRAO during increment operation. When the TRD1 register changes from 0000H to FFFFH
during decrement operation, and registers TRDO and TRD1 are incremented.

PWM operations

PWM period: 1/fk x (m + 2 - p) x 2 Note 2
Dead time: p
Active level width of normal-phase: 1/fk x (m-n-p + 1) x 2
Active level width of counter-phase: 1/fk x (n + 1 - p) x 2
fk: Frequency of count source

m: Value set in the TRDGRAO register

n: Value set in the TRDGRBO register (PWM1 output)
Value set in the TRDGRAL register (PWM2 output)
Value set in the TRDGRBL register (PWM3 output)

p: Value set in the TRDO register

Iy m+2-p ol
Fal Ll
! n+1 ! H
e ————pi
1 1
T 1
Normal-phase | !
1 1
1 T
: ! :
1 ! 1
1 | T
Counter-phase ! ! H
1 1
1 ! 1
n+l-p ''p 'm - p-n+1°  (When low is selected as the active level)

Count start condition

1 (count starts) is written to bits TSTARTO and TSTARTL1 in the TRDSTR register.

Count stop condition

0 (count stops) is written to bits TSTARTO and TSTARTL1 in the TRDSTR register when the CSELO
bit in the TRDSTR register is set to 1. (The PWM output pin outputs the initial output level selected
by bits OLSO and OLS1 in the TRDFCR register.)

Interrupt request generation
timing

» Compare match (content of the TRDi register matches content of the TRDGRji register)
» TRDL1 register underflow

TRDIOAO pin function

1/0 port or TRDCLK (external clock) input

TRDIOBO pin function

PWM1 output normal-phase output

TRDIODO pin function

PWMZ1 output counter-phase output

TRDIOAL pin function

PWM2 output normal-phase output

TRDIOC1 pin function

PWM2 output counter-phase output

TRDIOBL1 pin function

PWM3 output normal-phase output

TRDIOD1 pin function

PWMS3 output counter-phase output

TRDIOCO pin function

Output inverted every 1/2 period of PWM

INTPO pin function

Pulse output forced cutoff signal input (/O port or INTPO interrupt input)

Read from timer

The count value can be read by reading the TRDi register.

Write to timer

The value can be written to the TRDi register.

Selectable functions

* Pulse output forced cutoff signal input (see 8.3.1 (4) Pulse Output Forced Cutoff)
» The normal-phase and counter-phase active level and initial output level are selected individually.
« Transfer timing from the buffer register selection

Note 1. froco is selected only when FRQSEL4 = 1 in the user option byte (000C2H). When selecting fHoco as the count source
for timer RD, set fcLk to fiH before setting bit 4 (TRDOEN) in peripheral enable register 1 (PER1). When changing fcLk to
a clock other than fiH, clear bit 4 (TRDOEN) in peripheral enable register 1 (PER1) before changing.

Note 2. After a count starts, the PWM period is fixed.

Remark i=0o0rl,j=AB,C,orD
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(1) Operation Example
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Figure 8 - 58 Operation Example in Complementary PWM Mode
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TRDIODO output /

TRDIOCO output \

1 1
I |
T i
: :
Initial outplut is high
itial ou piu is hig i i
1
e m+2-p i - i
1
! ] 1 1 1
I n+1 LA i |
e L] - H 1
! ] 1 1 ]
',4—»'4—»‘“ +1-p p H : :<—>l<—_>:
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]
]
|
]
1
]
]
]
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]
]
|
]
]
]
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|
1
]
|
]
)
1
]
]
]
)
1
]
T
|
]

IMFA bit in
TRDSRO register

TRDGRBO register n X n X
X 4

T T .
Transfer (when bits CMD1 and CMDO are set to 11B), : Transfer (when bits CMD1 and CMDO
1 ) are set to 10B)

/ Set to 0 by a program :
1

1

1

|

TRDGRDO register n X Following data

T T
: : \ Modify with a program

IMFB bit in Set to 0 by a program Set to 0 by a program
TRDSRO register / v @ prog / v @ prog

Remark

CMDO, CMD1: Bits in TRDFCR register
i=0orl

m: Value set in TRDGRAO register

n: Value set in TRDGRBO register

p: Value set in TRDO register

The above diagram applies under the following condition:
Bits OLS1 and OLSO0 in TRDFCR are set to O (initial output level is high, active level is low for normal-phase and counter-phase).
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(2) Transfer Timing from Buffer Register
» Transfer from the TRDGRDO, TRDGRC1, or TRDGRDL1 register to the TRDGRB0O, TRDGRA1, or
TRDGRBL1 register.
When bits CMD1 and CMDO in the TRDFCR register are set to 10B, the content is transferred when the
TRD1 register underflows.
When bits CMD1 and CMDO are set to 11B, the content is transferred at compare match between registers
TRDO and TRDGRAO.

8.3.7 PWM3 Mode

In this mode, two PWM waveforms are output with the same period.
Figure 8 - 59 shows the Block Diagram of PWM3 Mode, Table 8 - 17 lists the PWM3 Mode Specifications, and
Figure 8 - 60 shows an Operation Example in PWM3 Mode.

Figure 8 - 59 Block Diagram of PWM3 Mode

TRDGRCO

Compare match signal

TRDO |—>—>| Comparator |<—| TRDGRAO l—-—

Output
TRDIOA0 O— control _ Compare match signal

Compare match signal

TRDGRDO

Output
TRDIOBO O—— o nirol | Compare match signal

1 {
]
]
]
]
] L

| 1
1
)
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1
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Table 8 - 17 PWM3 Mode Specifications

Item

Specification

Count sources

froco Note, fcik, fcLk/2, fcLk/4, fcLk/8, feLk/32

Count operations

The TRDO register is incremented (the TRDL1 register is not used).

PWM waveform

PWM period: 1/fk x (m + 1)
Active level width of TRDIOAO output: 1/fk x (m - n)
Active level width of TRDIOBO output: 1/fk x (p - g)
fk: Frequency of count source
m: Value set in the TRDGRAO register
n: Value set in the TRDGRAL register
p: Value set in the TRDGRBO register
g: Value set in the TRDGRBL1 register

1 m+1
-t

:: n+1
: p+1

] ]

\ A

Y

J

TRDIOAO output

TRDIOBO output

1

kel
Qo

(When high is selected as the active level)

Count start condition

1 (count starts) is written to the TSTARTO bit in the TRDSTR register.

Count stop conditions

« 0 (count stops) is written to the TSTARTO bit in the TRDSTR register when the CSELO bit in the
TRDSTR register is set to 1.
The PWM output pin holds the output level before the count stops.

» When the CSELO bit in the TRDSTR register is set to 0, the count stops at compare match with
the TRDGRAO register.
The PWM output pin holds the level after output change by compare match.

Interrupt request generation
timing

» Compare match (content of the TRDi register matches content of the TRDGR)]i register)
» TRDO register overflow

TRDIOAO, TRDIOBO pin PWM output
function
TRDIOAO, TRDIODO, and 1/0 port

TRDIOAL to TRDIODL1 pin
function

INTPO pin function

Pulse output forced cutoff signal input (I/O port or INTPO interrupt input)

Read from timer

The count value can be read by reading the TRDO register.

Write to timer

The value can be written to the TRDO register.

Selectable functions

« Pulse output forced cutoff signal input (see 8.3.1 (4) Pulse Output Forced Cutoff)
* Active level selectable for each pin
« Buffer operation (see 8.3.1 (2) Buffer Operation)

Note

Remark

fHoco is selected only when FRQSEL4 = 1 in the user option byte (000C2H). When selecting fHoco as the count source
for timer RD, set fcLk to fiH before setting bit 4 (TRDOEN) in peripheral enable register 1 (PER1). When changing fcLk to

a clock other than fin, clear bit 4 (TRDOEN) in peripheral enable register 1 (PER1) before changing.

i=0orl,j=A,B,C,orD
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(1) Operation Example
Figure 8 - 60 Operation Example in PWM3 Mode
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]
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Set to 0 by a program
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/4

Set to 0 by a program

]
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Set to 0 by a program

TRDGRAO register m X m X
b4 b4
1 1
1 / Transfer H Transfer
H
TRDGRCO register m X Following data
T T
Transfer from buffer register Transfer from buffer register
to general register to general register
Remark
j=AorB

m: Value set in TRDGRAO register
n: Value set in TRDGRAL1 register
p: Value setin TRDGRBO register
q: Value set in TRDGRBL1 register

The above diagram applies under the following conditions:

« Both the TOAO and TOBO bits in the TRDOCR register are set to 0 (initial output is low, high output by compare
match with TRDGRYJ1 register, low output by compare match with TRDGR|O register).

« The TRDBFCO bit in the TRDMR register is set to 1 (TRDGRCO register is buffer register for TRDGRAO register).
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8.4 Timer RD Interrupt

Timer RD generates the timer RDi (i = 0 or 1) interrupt request from six sources for each timer RDO and timer RD1.
Table 8 - 18 lists the Registers Associated with Timer RD Interrupt and Figure 8 - 61 shows the Timer RD Interrupt
Block Diagram.

Table 8 - 18 Registers Associated with Timer RD Interrupt

Timer RD Status Timer RD Interrupt | Interrupt Request Flag | Interrupt Mask Flag Priority Specification
Register Enable Register (Register) (Register) Flag (Register)

TRDPROO (PRO2H)

TRDPR10 (PR12H)

TRDPRO1 (PRO2H)
TRDPR11 (PR12H)

Timer RDO TRDSRO TRDIERO TRDIFO (IF2H) TRDMKO (MK2H)

Timer RD1 TRDSR1 TRDIER1 TRDIF1 (IF2H) TRDMK1 (MK2H)

Figure 8 - 61 Timer RD Interrupt Block Diagram

Timer RDi

IMFA bit — . ‘
IMIEA bit — Timer RDi

interrupt request

IMFB bit —
IMIEB bit —

IMFC bit —
IMIEC bit —

IMFD bit —
IMIED bit —

UDF bit
OVF bit |_

OVIE bit

[1LT

i=0to 1
IMFA, IMFB, IMFC, IMFD, OVF, UDF: TRDSRI register bit
IMIEA, IMIEB, IMIEC, IMIED, OVIE: TRDIERI register bit

Since the interrupt source (timer RD interrupt) is generated by a combination of multiple interrupt request sources for

timer RD, the following differences from other maskable interrupts apply:

* When a bit in the TRDSRI register is 1 and the corresponding bit in the TRDIERI register is 1 (interrupt enabled),
the TRDIFi bit in the IF2H register is set to 1 (interrupt requested).

« If multiple bits in the TRDIERI register are set to 1, use the TRDSRI register to determine the source of the interrupt
request.

« Since the bits in the TRDSRI register are not automatically set to 0 even if the interrupt is acknowledged, set the
corresponding bit to 0 in the interrupt routine.

« While multiple bits in the TRDIERI register are set to 1, if the first request source is met and the TRDIFi bit is set to
1, and then the next request source is met, the TRDIFi bit is cleared to 0 when the interrupt is acknowledged.
However, if the previously met request source is cleared to 0, the TRDIFi bit is set to 1 by the next generated
request source.
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« If it is necessary to clear the interrupt source flag of the interrupt disabled by the TRDIERI register to 0, be sure to

use one of the following methods to clear the flag to 0.

(i) Clear the interrupt source flag of the interrupt disabled by the TRDIERI register to O when the interrupt source
statuses of the interrupts enabled by the TRDIERI register are all 0.

(i) When clearing the interrupt source flag of the interrupt disabled by the TRDIERI register to 0 while the interrupt
source status of the interrupt enabled by the TRDIER:I register is set to 1, clear the interrupt source status of the
interrupt enabled by the TRDIERI register to 0 and clear the interrupt source flag of the interrupt disabled by the
TRDIERI register to 0 at the same time.

(iii) Set the TRDIERI register to 00H and clear the interrupt source flag to 0 after disabling all interrupts.
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8.5 Notes on Timer RD

851 SFR Read/Write Access

The timer RD SFRs are undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in the
PER1 register. If it is necessary to read the initial value, set fcLk to fiH and TRDOEN = 1 before reading.
When setting timer RD, set the TRDOEN bit in the PER1 register to 1 first. If the TRDOEN bit is 0, writes to the
timer RD control registers are ignored and all the read values are the initial values (except for the port registers
and the port mode registers).
The following registers must not be rewritten during count operation:
TRDELC, TRDMR, TRDPMR, TRDFCR, TRDOER1, TRDPTO bit in TRDOER2, TRDDFi, TRDCRI,
TRDIORAI, TRDIORCIi, TRDPOCRI

(1) TRDSTR Register

» The TRDSTR register can be set by an 8-bit memory manipulation instruction.

* When the CSELi bit (i= 0 or 1) in the TRDSTR register is set to 0 (count stops at compare match between
registers TRDi and TRDGRAI), the count does not stop and the TSTARTI bit remains unchanged even if O
(count stops) is written to the TSTARTI bit.

The TSTARTI bit is set to 0 (count stops) only by a compare match with the TRDGRA. register.

If the CSELI bit is 0 when rewriting the TRDSTR register, write 0 to the TSTARTi bit to change the CSELI
bit to 1 without affecting count operation.

If 1 is written to the TSTARTI bit while the counter is stopped, count may be started.

To stop counting by a program, set the TSTARTI bit after setting the CSELi bit to 1. Even if 1 is written to
the CSELI bit and 0 is written to the TSTARTI bit at the same time (using one instruction), the count cannot
be stopped.

» Table 8 - 19 lists the TRDIQji (j = A, B, C, or D) Pin Output Level When Count Stops while using the
TRDIQji (j = A, B, C, or D) pin for timer RD output.

Table 8 - 19 TRDIOji (j = A, B, C, or D) Pin Output Level When Count Stops
Count Stop TRDIQji Pin Output When Count Stops

When the CSELi bit is set to 1, write 0 to the | The pin holds the output level immediately before the count stops. (The pin outputs
TSTARTI bit and the count stops. the initial output level selected by bits OLS0 and OLS1 in the TRDFCR register in
timer RD complementary and reset synchronous PWM modes.)

When the CSELi bit is set to 0, the count stops | The pin holds the output level after the output changes by compare match. (The pin
at compare match with registers TRDi and outputs the initial output level selected by bits OLS0 and OLS1 in the TRDFCR
TRDGRAI. register in timer RD complementary and reset synchronous PWM modes.)

Remark i=0orl,j=A,B,C,orD

(2) TRDDFi Register (i=0or 1)
Set bits DFCKO and DFCK1 in the TRDDF:i register before starting count operation.

8.5.2 Mode Switching

« Set the count to stopped (set bits TSTARTO and TSTARTL1 to 0) before switching modes during operation.
» Set bits TRDIFO and TRDIF1 to 0 before changing bits TSTARTO and TSTART1 from 0 to 1. Refer to
CHAPTER 15 INTERRUPT FUNCTIONS for details.

RO1UHO0326EJ0100 Rev. 1.00 RENESAS Page 372 of 849
Jun 20, 2012



MPD79F7027, pPD79F7028 CHAPTER 8 TIMER RD

8.5.3 Count Source

« Switch the count source after the count stops.

[Changing procedure]

(1) Setthe TSTARTI bit (i =0 or 1) in the TRDSTR register to O (count stops).

(2) Change bits TCKO to TCK2 in the TRDCRI register.

* When selecting froco (48 MHz) as the count source for timer RD, set fcik to fin before setting bit 4 (TRDOEN) in
peripheral enable register 1 (PER1). When changing fck to a clock other than fi, clear bit 4 (TRDOEN) in
peripheral enable register 1 (PER1) before changing.

854 Input Capture Function

« Set the pulse width of the input capture signal to three or more cycles of the timer RD operating clock.

« The value of the TRDi register is transferred to the TRDGR;ji register two to three cycles of the timer RD
operating clock (fcLk) after the input capture signal is applied to the TRDIOji pin (i=0or 1,j=A, B, C, or D)
(when no digital filter is used).

« In input capture mode, an input capture interrupt request for the active edge of the TRDIQji input is also
generated when the TRDTSTARTI bit in the TRDSTR register is 0 (count stops) if the edge selected by bits
TRDIOj0 and TRDIOj1 in the TRDIOR)i register is input to the TRDIOji pin i=0or 1;j=A, B, C, or D).

8.5.5 Procedure for Setting Pins TRDIOAI, TRDIOBI, TRDIOCi, and TRDIOD:i (i = 0 or 1)

After a reset, the 1/0 ports multiplexed with pins TRDIOAI, TRDIOBI, TRDIOCI, and TRDIODi function as input
ports.
« To output from pins TRDIOAI, TRDIOBI, TRDIOCI, and TRDIODI, use the following setting procedure:

Changing procedure

(1) Setthe mode and the initial value.

(2) Enable output from pins TRDIOAI, TRDIOBI, TRDIOCI, and TRDIODi (TRDOER1 register).

(3) Set the port register bits corresponding to pins TRDIOAI, TRDIOBI, TRDIOCI, and TRDIOD:i to 0.

(4) Setthe port mode register bits corresponding to pins TRDIOAI, TRDIOBI, TRDIOCI, and TRDIODi to output
mode. (Output is started from pins TRDIOAI, TRDIOBI, TRDIOCI, and TRDIOD:i)

(5) Start the count (set bits TSTARTO0 and TSTART1 to 1).

« To change the port mode register bits corresponding to pins TRDIOAI, TRDIOBI, TRDIOCI, and TRDIODi from
output mode to input mode, use the following setting procedure:

Changing procedure

(1) Set the port mode register bits corresponding to pins TRDIOAI, TRDIOBI, TRDIOCIi, and TRDIODi to input
mode (input is started from pins TRDIOAI, TRDIOBI, TRDIOCI, and TRDIOD:I).

(2) Setto the input capture function.

(3) Start the count (set bits TSTARTO and TSTART1 to 1).

* When switching pins TRDIOAI, TRDIOBIi, TRDIOCIi, and TRDIODi from output mode to input mode, input
capture operation may be performed depending on the pin states. When the digital filter is not used, edge
detection is performed after two or more cycles of the operation clock have elapsed. When the digital filter is
used, edge detection is performed after up to five cycles of the sampling clock.
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8.5.6 External clock TRDCLK

Set the pulse width of the external clock applied to the TRDCLK pin to three or more cycles of the timer RD
operating clock.

8.5.7 Reset Synchronous PWM Mode

* When reset synchronous PWM mode is used for motor control, make sure OLSO = OLS1.

« Set to reset synchronous PWM mode by the following procedure:

[Changing procedure]

(1) Setthe TSTARTO bit in the TRDSTR register to 0 (count stops).

(2) Set bits CMD1 and CMDO in the TRDFCR register to 00B (timer mode, PWM mode, and PWM3 mode).
(3) Set bits CMD1 and CMDO to 01B (reset synchronous PWM mode).

(4) Setthe other registers associated with timer RD again.

8.5.8 Complementary PWM Mode

* When complementary PWM mode is used for motor control, make sure OLSO = OLS1.

« Change bits CMDO0 and CMD1 in the TRDFCR register in the following procedure.

Changing procedure: When setting to complementary PWM mode (including re-set), or changing the transfer
timing from the buffer register to the general register in complementary PWM mode.

(1) Set both the TSTARTO and TSTARTL bits in the TRDSTR register to O (count stops).

(2) Set bits CMD1 and CMDO in the TRDFCR register to 00B (timer mode, PWM mode, and PWM3 mode).

(3) Set bits CMD1 and CMDO to 10B or 11B (complementary PWM mode).

(4) Setthe registers associated with other timer RD again.

Changing procedure: When stopping complementary PWM mode
(1) Set both the TSTARTO and TSTARTL bits in the TRDSTR register to 0 (count stops).
(2) Set bits CMD1 to CMDO to 00B (timer mode, PWM mode, and PWM3 mode).

« Do not write to the TRDGRAO, TRDGRBO, TRDGRA1, or TRDGRB1 register during operation.
When changing the PWM waveform, transfer the values written to registers TRDGRDO, TRDGRC1, and
TRDGRD1 to registers TRDGRBO, TRDGRA1, and TRDGRB1 using the buffer operation.
However, to write data to the TRDGRDO, TRDGRC1, or TRDGRD1 register, set bits TRDBFDO, TRDBFC1, and
TRDBFD1 to 0 (general register). After this, bits TRDBFDO, TRDBFC1, and TRDBFD1 may be set to 1 (buffer
register).
The PWM period cannot be changed.

« If the value set in the TRDGRAO register is assumed to be m, the TRDO register counts m-1, m, m+ 1, m,
m - 1, in that order, when changing from increment to decrement operation.
When changing from m to m + 1, the IMFA bit in the TRDSRI register is set to 1. Also, bits CMD1 and CMDO in
the TRDFCR register are set to 11B (complementary PWM mode, buffer data transferred at compare match
between registers TRDO and TRDGRAO), the content of the buffer registers (TRDGRDO, TRDGRC1, and
TRDGRDYJ) is transferred to the general registers (TRDGRBO, TRDGRA1, and TRDGRB1).
During operation of m + 1, m, and m - 1, the IMFA bit remains unchanged and data is not transferred to
registers such as the TRDGRAQO register.
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Figure 8 - 62 Operation at Compare Match between Registers TRDO and TRDGRAO in Complementary PWM Mode

Count value in
TRDO register

m+1
Value set in TRDGRAO
register m
» Time
Set to 0 by a program
-
- - No change
IMFA bit in
TRDSRO register
Transferred from buffer Not transferred from buffer
register / register
) When bits CMD1 and CMDO in the
TRDGRBO reg!ster 'y TRDFCR register are set to 11B
TRDGRA1 reg!ster (transfer from the buffer register to the
TRDGRBL1 register general register at compare match
between registers TRDO and TRDGRAO).
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The TRD1 register counts 1, 0, FFFFH, 0, 1, in that order, when changing from decrement to increment
operation.

Counting from 1, to O, to FFFFH causes the UDF bit in the TRDSRI register to be set to 1. Also, when bits CMD1
and CMDO in the TRDFCR register are set to 10B (complementary PWM mode, buffer data transferred at
underflow of the TRD1 register), the content of the buffer registers (TRDGRDO, TRDGRC1, and TRDGRD1) is
transferred to the general registers (TRDGRBO, TRDGRA1, and TRDGRB1).

During operation of FFFFH, 0, and 1, data is not transferred to registers such as the TRDGRBO register.

Also, at this time, the OVF bit in the TRDSRI register remains unchanged.

Figure 8 - 63 Operation When TRD1 Register Underflows in Complementary PWM Mode

Count value in
TRD1 register
A

FFFFH » Time

Set to 0 by a program
1
UDF bit in
TRDSR1 register

OVF bit in
TRDSR1 register 0

No change

e

Transferred from 1 Not transferred from buffer

buffer register \ ! register
\: o When bits CMD1 and CMDO in the

}TRDFCR register are set to 10B

TRDGRBO register
TRDGRAL register
TRDGRBLI register

(transfer from the buffer register to the
general register when the TRD1 register
underflows).

i
#|
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« The timing of data transfer from the buffer register to the general register should be selected using bits CMDO
and CMD1 in the TRDFCR register. However, regardless of the values of bits CMDO and CMD1, transfer takes
place with the following timing when duty cycle is 0% and duty cycle is 100%.

Value in buffer register > value in TRDGRAO register (duty cycle is 0%):

Transfer take place at underflow of the TRD1 register.

After this, when the buffer register is set to 0001H or above and a smaller value than the value of the TRDGRAO
register, and the TRD1 register underflows for the first time after setting, the value is transferred to the general
register. After that, the value is transferred with the timing selected by bits CMD1 and CMDO.

However, no waveform with duty cycle 0% can be generated while the initial value of the buffer register is
FFFFH. To generate a waveform with duty cycle 0%, set the value of the buffer register > TRDGRAO by writing

to the buffer register.

Figure 8 - 64 Operation When Value in Buffer Register > Value in TRDGRAO Register in Complementary

I
[]
]
]

PWM Mode
Value in
TRDi register
A
A e e L L L L L L L L L L e L L L L )
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n2 p=--- SRS it \ A Count value in TRDO
ot R R
" [ o 0
A oo Count value in TRD1
0000H " i (I [l countvalue in
T 17 Y Y TT 1 » Time
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R i ' T
H T T T T +
TRDGRDO register n2 1ok n3 g n2 | i1} i
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Transfer\ 11 : Transfer Transfer 11 \Transfer
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i i1 because of n3 > of first settingto | | 1
L dim 2<m I
1 1
1 i
1 1
H H
1 1
1 i

]
]
]
]
]
TRDIOBO output H
1
]
]
]

TRDIODO output l

Remark
m: Value set in TRDGRAO register

The above diagram applies under the following conditions:

« Bits CMD1 and CMDO in the TRDFCR register are set to 11B
(data in the buffer register is transferred at compare match between registers TRDO and TRDGRAO in complementary
PWM mode).

« Both the OSLO and OLS1 bits in the TRDFCR register are set to 1 (active high for normal-phase and counter-phase).
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When the value in the buffer register is set to 0000H (duty cycle is 100%):

Transfer takes place at compare match between registers TRDO and TRDGRAO.

After this, when the buffer register is set to 0001H or above and a smaller value than the value of the TRDGRAO
register, and a compare match occurs between registers TRDO and TRDGRAO for the first time after setting, the
value is transferred to the general register. After that, the value is transferred with the timing selected by bits
CMDO and CMD1.

Figure 8 - 65 Operation When Value in Buffer Register is Set to 0000H in Complementary PWM Mode
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H | 1 1
] 1 H
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Remark
m: Value set in TRDGRAO register

The above diagram applies under the following conditions:

« Bits CMD1 and CMDO in the TRDFCR register are set to 10B (data in the buffer register is transferred at underflow of the
TRD1 register in PWM mode).

« Both the OLSO0 and OLS1 bits in the TRDFCR register are set to 1 (active high for normal-phase and counter-phase).
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CHAPTER 9 12-BIT INTERVAL TIMER

9.1 Functions of 12-bit Interval Timer
An interrupt (INTIT) is generated at any previously specified time interval. It can be utilized for wakeup from STOP
mode and triggering an A/D converter's SNOOZE mode.

9.2 Configuration of 12-bit Interval Timer

The 12-bit interval timer includes the following hardware.

Table 9 - 1 Configuration of 12-bit Interval Timer

Item Configuration

Counter 12-bit counter

Control registers Peripheral enable register 0 (PERO)

Operation speed mode control register (OSMC)

12-bit interval timer control register (ITMC)

Figure 9 - 1 Block Diagram of 12-bit Interval Timer

Clear
5 Count clock ‘
fiL <§ 12-bit counter
: |
AV4 | — Interrupt signal (INTIT)
—| ﬂ Match signal
\WUTMM RINTE ITMCMP11-ITMCMPO
CKO
Operation speed mode 12-bit interval timer control
control register (OSMC) register (ITMC)
2 Internal bus 8
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9.3 Registers Controlling 12-bit Interval Timer

The 12-bit interval timer is controlled by the following registers.

« Peripheral enable register 0 (PERO)
 Operation speed mode control register (OSMC)
« 12-bit interval timer control register (ITMC)

(1) Peripheral enable register 0 (PERO)
This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a
hardware macro that is not used is stopped in order to reduce the power consumption and noise.
When the 12-bit interval timer is used, be sure to set bit 7 (ITEN) of this register to 1.
The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to OOH.

Figure 9 - 2 Format of Peripheral enable register 0 (PERO)

Address: FOOFOH After reset: 00H R/W
Symbol <7> 6 <5> 4 3 <2> 1 <0>
PERO ITEN 0 ADCEN 0 0 SAUOEN 0 TAUOEN
ITEN Control of 12-bit interval timer input clock supply
0 Stops input clock supply.

* SFR used by the 12-bit interval timer cannot be written.
» The 12-bit interval timer is in the reset status.

1 Enables input clock supply.
* SFR used by the 12-bit interval timer can be read/written.

Caution 1. When using the 12-bit interval timer, set ITEN = 1 first. If ITEN = 0, writing to a control register of the
12-bit interval timer is ignored, and all read values are default values (except for the operation speed
mode control register (OSMC)).

Caution 2. Be sure to clear the following bits to 0.

Bits 1, 3,4, 6
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(2) Operation speed mode control register (OSMC)
The WUTMMCKO bit can be used to select the 12-bit interval timer operation clock.
The OSMC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to OOH.

Figure 9 - 3 Format of Operation speed mode control register (OSMC)

Address: FOOF3H After reset: 0OH R/W
Symbol 7 6 5 4 3 2 1 0
OsMC 0 0 0 WUTMMCKO 0 0 0 0
WUTMMCKO Selection of operation clock for 12-bit interval timer and timer RJ.
0 Setting prohibited
1 Low-speed on-chip oscillator clock (fiL)
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(3) 12-bit interval timer control register (ITMC)
This register is used to set up the starting and stopping of the 12-bit interval timer operation and to specify the
timer compare value.
The ITMC register can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to OFFFH.

Figure 9 - 4 Format of 12-bit interval timer control register (ITMC)

Address: FFF90H After reset: OFFFH R/W

Symbol 15 14 13 12 11to O
ITMC|  RINTE 0 0 | 0 | ITCMP11 to ITCMPO
RINTE 12-bit interval timer operation control
0 Count operation stopped (count clear)
1 Count operation started
ITCMP11 to ITCMPO Specification of the 12-bit interval timer compare value
001H These bits generate a fixed-cycle interrupt (count clock cycles x (ITCMP setting + 1)).
L]
L]
L]
FFFH
Example interrupt cycles when 001H or FFFH is specified for ITCMP11 to ITCMPO
¢ ITCMP11 to ITCMPO = 001H, count clock: when fiL = 15 kHz
1/15 [kHz] x (1 + 1) = 0.133333... [ms] = 133.33 [us]
¢ ITCMP11 to ITCMPO = FFFH, count clock: when fiL = 15 kHz
1/15 [kHz] x (4095 + 1) = 273.066... [ms] = 273.07 [ms]

Caution 1. Before changing the RINTE bit from 1 to 0, use the interrupt mask flag register to disable the INTIT
interrupt servicing. In addition, after rewriting the bit value, clear the ITIF flag, and then enable the
interrupt servicing.

Caution 2. The value read from the RINTE bit is applied one count clock cycle after setting the RINTE bit.

When entering HALT mode or STOP mode, confirm the value written to the RINTE bit is applied
before entering.

Caution 3. When setting the RINTE bit after returned from standby mode and entering standby mode again,
confirm that the written value of the RINTE bit is reflected, or wait that more than one clock of the
count clock has elapsed after returned from standby mode. Then enter standby mode.

Caution 4. Only change the setting of the ITCMP11 to ITCMPO bits when RINTE = 0.

However, it is possible to change the settings of the ITCMP11 to ITCMPO bits at the same time as
when changing RINTE from 0to 1 or 1 to O.
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9.4 12-bit Interval Timer Operation

The count value specified for the ITCMP11 to ITCMPO bits is used as an interval to operate an 12-bit interval timer
that repeatedly generates interrupt requests (INTIT).

When the RINTE bit is set to 1, the 12-bit counter starts counting.

When the 12-bit counter value matches the value specified for the ITCMP11 to ITCMPO bits, the 12-bit counter value
is cleared to 0, counting continues, and an interrupt request signal (INTIT) is generated at the same time.

The basic operation of the 12-bit interval timer is as follows.

Figure 9 - 5 12-bit Interval Timer Operation Timing (ITCMP11 to ITCMPO = OFFH, count clock: fiL = 15 kHz)

Count clock 7 “ ( K
RINTE
After RINTE is changed from 0O to 1, counting starts I
at the next rise of the count clock signal.
OFFH
12-bit counter
000H
\ When RINTE is changed from 1 to O,
the 12-bit counter is cleared without
synchronization with the count clock.
I
ITCMP11 to
ITCMPO OFFH
INTIT 45 —| 45 4
Period (17.07 ms)
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CHAPTER 10 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

10.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for carrier output during remote controlled transmission and clock output for
supply to peripheral ICs.

Buzzer output is a function to output a square wave of buzzer frequency.

One pin can be used to output a clock or buzzer sound.

Two output pins, PCLBUZ0 and PCLBUZ1, are available.

The PCLBUZn pin outputs a clock selected by clock output select register n (CKSn).

Figure 10 - 1 shows the Block Diagram of Clock Output/Buzzer Output Controller.

Remark n=0,1

Figure 10 - 1 Block Diagram of Clock Output/Buzzer Output Controller

S Internal bus g

Clock output select register 1 (CKS1)

PCLOE1 0 0 0 CSEL1|CCS12|CCS11 | CCSs10

I [ -

fmAIN ——=— Prescaler

PCLOE1
A5 13
fmain/2t to fwain/2®|
*8 Clock/buzzer o
jote
(AN 10 fan/2° § controller PCLBUZ1 “*/TRDIOBO/P15
Output latch
(P15) PM15
fmain/2™ to fmain/2™2 5
S Clock/buzzer Note
4 L PCLBUZO /[INTP4/TOO03/
fMAIN to fMAIN/2 2 controller TI03/PAL
PCLOEDO |Output latch
(P31) PM31
PCLOEO| O 0 0 CSELO| CCS02|CCS01|CCS00
Clock output select register 0 (CKS0)
g Internal bus g
Note For output frequencies available from PCLBUZ0 and PCLBUZ1, refer to 27.5 AC Characteristics.
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10.2 Configuration of Clock Output/Buzzer Output Controller

The clock output/buzzer output controller includes the following hardware.

Table 10 - 1 Configuration of Clock Output/Buzzer Output Controller

Item

Configuration

Control registers

Clock output select registers n (CKSn)
Port mode registers 1, 3 (PM1, PM3)
Port registers 1, 3 (P1, P3)

10.3 Registers Controlling Clock Output/Buzzer Output Controller

The following three registers are used to control the clock output/buzzer output controller.

« Clock output select registers n (CKSn)
« Port mode registers 1, 3 (PM1, PM3)

(1) Clock output select registers n (CKSn)
These registers set output enable/disable for clock output or for the buzzer frequency output pin (PCLBUZn), and

set the output clock.

Select the clock to be output from the PCLBUZn pin by using the CKSn register.
The CKSn register are set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.
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Figure 10 - 2 Format of Clock output select registers n (CKSn)

Address: FFFASH (CKS0), FFFABH (CKS1) After reset: 00H  R/W

Symbol <7> 6 5 4 3 2 1 0
Cksn| PCLOEn | 0 | 0 | 0 CSELn CCsn2 ccsnl CCSno
PCLOEN PCLBUZn pin output enable/disable specification
0 Output disable (default)
1 Output enable
CSELn CcCcsn2 CCsni CCSsno PCLBUZn pin output clock selection
fmMAIN = fmAIN = fMAIN = fmMAIN =
5 MHz 10 MHz 20 MHz 24 MHz
0 0 0 0 fmAIN 5 MHz 10 MHz Setting Setting
Note prohibited | prohibited
Note Note
0 0 0 1 fmAIN/2 2.5 MHz 5 MHz 10 MHz 12 MHz
Note Note
0 0 1 0 fMAIN/22 1.25MHz | 2.5MHz 5 MHz 6 MHz
0 0 1 1 fmaIn/23 625 kHz 1.25 MHz 2.5 MHz 3 MHz
0 1 0 0 fmAIN/24 312.5kHz | 625 kHz 1.25 MHz 1.5 MHz
0 1 0 1 fmain/211 2.44 kHz 4.88 kHz 9.77 kHz | 11.72 kHz
0 1 1 0 fmMAIN/212 1.22 kHz 2.44 kHz 4.88 kHz 5.86 kHz
0 1 1 1 fmain/213 610 Hz 1.22 kHz 2.44 kHz 2.93 kHz
Other than above Setting prohibited
Note Use the output clock within a range of 12 MHz. Furthermore, when using the output clock at 2.7 V < Vbp < 4.0

V, can be use it within 8 MHz only. See 27.5 AC Characteristics for details.

Caution 1. Change the output clock after disabling clock output (PCLOEnN = 0).
Caution 2. To shift to STOP mode when the main system clock is selected (CSELn = 0), set PCLOEn = 0 before
executing the STOP instruction.

Remark 1. n=0,1
Remark 2. fmain: Main system clock frequency
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(2) Port mode registers 1, 3 (PM1, PM3)
These registers set input/output of port 1 and port 3 in 1-bit units.
When using the P31/TI03/TO03/INTP4/PCLBUZ0, P15/TRDIOBO/PCLBUZ1 pins for clock output and buzzer
output, clear PM31 and PM15 bits and the output latches of P31, P15 to 0.
The PM1 and PM3 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 10 - 3 Format of Port mode register 1, 3 (PM1, PM3)

Address: FFF21H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM14 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10
Address: FFF23H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM3 1 1 | 1 | 1 1 | 1 | PMm31 PM30
PMmn Pmn pin I/O mode selection (mn=1,3;n=0t0 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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10.4 Operations of Clock Output/Buzzer Output Controller

One pin can be used to output a clock or buzzer sound.
The PCLBUZO0 pin outputs a clock/buzzer selected by the clock output select register 0 (CKSO0).
The PCLBUZ1 pin outputs a clock/buzzer selected by the clock output select register 1 (CKS1).

10.4.1 Operation as output pin

The PCLBUZn pin is output as the following procedures.

<1> Select the output frequency with bits 0 to 3 (CCSn0 to CCSn2, CSELN) of the clock output select register
(CKSn) of the PCLBUZn pin (output in disabled status).
<2> Set bit 7 (PCLOEN) of the CKSn register to 1 to enable clock/buzzer output.

Remark 1. The controller used for outputting the clock starts or stops outputting the clock one clock after
enabling or disabling clock output (PCLOER bit) is switched. At this time, pulses with a narrow width
are not output. Figure 10 - 4 shows enabling or stopping output using the PCLOEnR bit and the timing
of outputting the clock.

Remark 2.n=0, 1

Figure 10 - 4 Remote Control Output Application Example

Narrow pulses are not recognized

10.5 Cautions of clock output/buzzer output controller

When the main system clock is selected for the PCLBUZn output (CSELn = 0), if STOP or HALT mode is entered
within 1.5 main system clock cycles after the output is disabled (PCLOEnN = 0), the PCLBUZn output width becomes
shorter.
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CHAPTER 11 WATCHDOG TIMER

11.1  Functions of Watchdog Timer

The watchdog timer operates on the low-speed on-chip oscillator clock.

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset
signal is generated.

Program loop is detected in the following cases.

« If the watchdog timer counter overflows

« If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)
« If data other than “ACH” is written to the WDTE register

« If data is written to the WDTE register during a window close period

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1.
For details of the RESF register, see CHAPTER 17 RESET FUNCTION.
When 75% + 1/2fi. of the overflow time is reached, an interval interrupt can be generated.
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11.2

Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 11 - 1 Configuration of Watchdog Timer

Item

Configuration

Control register

Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, window open period, and interval interrupt are set by the

option byte.

Table 11 - 2 Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer

Option Byte (000COH)

Watchdog timer interval interrupt

Bit 7 (WDTINT)

Window open period

Bits 6 and 5 (WINDOW1, WINDOWO)

Controlling counter operation of watchdog timer

Bit 4 (WDTON)

Overflow time of watchdog timer

Bits 3 to 1 (WDCS2 to WDCSO0)

mode)

Controlling counter operation of watchdog timer (in HALT/STOP

Bit 0 (WDSTBYON)

Remark

For the option byte, see CHAPTER 22 OPTION BYTE.

Figure 11 - 1 Block Diagram of Watchdog Timer

WDTINT of option byte
(000COH)

Interval time controller

(Count value overflow time x 3/4)

WDCS2 to WDCSO of

option byte (000COH)

Interval time interrupt

Clock 17-bit 2" 0 fu2 Overflow signal
fie———= 1Yt |1 counter [ ySelector Reset
controller output |—= Internal reset signal
controller
Count clear —
signal Window size
decision signal
WINDOW1 and WINDOWO of Wind ize check
option byte (000COH) Indow size chec
WDTON of option byte .| Watchdog timerenable | \| Write detector to
(000COH) register (WDTE)  —| WDTE except ACH
2 Internal bus 2
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11.3 Register Controlling Watchdog Timer

The watchdog timer is controlled by the watchdog timer enable register (WDTE).

(1) Watchdog timer enable register (WDTE)
When the WDTON bit in the option byte (000COH) is 1, writing “ACH” to the WDTE register clears the watchdog
timer counter and starts counting again.
This register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to 9AH or 1AH Note,

Figure 11 - 2 Format of Watchdog timer enable register (WDTE)

Address: FFFABH After reset: 9AH/1AH Note R/W

Symbol 7 6 5 4 3 2 1 0

WDTE | | |
Note The WDTE register reset value differs depending on the WDTON bit setting value of the option byte

(O00COH). To operate watchdog timer, set the WDTON bit to 1.

WDTON Bit Setting Value WDTE Register Reset Value
0 (watchdog timer count operation disabled) 1AH
1 (watchdog timer count operation enabled) 9AH

Caution 1. When the WDTON bit in the option byte (O00COH) is 1, if a value other than “ACH” is written to the
WDTE register, an internal reset signal is generated.

Caution 2. When the WDTON bit in the option byte (000COH) is 1, if a 1-bit memory manipulation instruction is
executed for the WDTE register, an internal reset signal is generated.

Caution 3. The value read from the WDTE register is 9AH/1AH (this differs from the written value (ACH)).
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11.4  Operation of Watchdog Timer

11.4.1 Controlling operation of watchdog timer

1. When the watchdog timer is used, its operation is specified by the option byte (000COH).

« Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (0O0COH) to 1 (the
counter starts operating after a reset release) (for details, see CHAPTER 22).

WDTON Watchdog Timer Counter
0 Counter operation disabled (counting stopped after reset)
1 Counter operation enabled (counting started after reset)

« Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH) (for details, see
11.4.2 and CHAPTER 22).

« Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (000COH) (for
details, see 11.4.3 and CHAPTER 22).

2. After a reset release, the watchdog timer starts counting.

3. By writing “ACH" to the watchdog timer enable register (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 the WDTE register the second time or later after a reset release during the window open
period. If the WDTE register is written during a window close period, an internal reset signal is generated.

5. If the overflow time expires without “ACH” written to the WDTE register, an internal reset signal is
generated.

An internal reset signal is generated in the following cases.

« If a 1-bit manipulation instruction is executed on the WDTE register
« If data other than “ACH?” is written to the WDTE register

Caution 1.When data is written to the watchdog timer enable register (WDTE) for the first time after reset
release, the watchdog timer is cleared in any timing regardless of the window open time, as
long as the register is written before the overflow time, and the watchdog timer starts counting
again.

Caution 2. If the watchdog timer is cleared by writing “ACH” to the WDTE register, the actual overflow
time may be different from the overflow time set by the option byte by up to 2/fiL seconds.

Caution 3. The watchdog timer can be cleared immediately before the count value overflows.
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Caution 4. The operation of the watchdog timer in the HALT and STOP modes differs as follows
depending on the set value of bit 0 (WDSTBYON) of the option byte (O00COH).

WDSTBYON =0

WDSTBYON =1

In HALT mode

In STOP mode

In SNOOZE mode

Watchdog timer operation stops.

Watchdog timer operation continues.

If WDSTBYON = 0, the watchdog timer resumes counting after the HALT or STOP mode is
released. At this time, the counter is cleared to 0 and counting starts.

When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts

operating after the oscillation stabilization time has elapsed.

Therefore, if the period between the STOP mode release and the watchdog timer overflow is

short, an overflow occurs during the oscillation stabilization time, causing a reset.
Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the

STOP mode release by an interval interrupt.

11.4.2  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

(O0OCOH).

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 the watchdog timer enable register (WDTE) during the window open

period before the overflow time.

The following overflow times can be set.

Table 11 - 3 Setting of Overflow Time of Watchdog Timer

WDCS2

WDCS1

WDCSO0

Overflow Time of Watchdog Timer
(fiL = 17.25 kHz (MAX.))

25/fiL (3.71 ms)

27/fiL (7.42 ms)

28/fiL (14.84 ms)

29/fiL (29.68 ms)

211/fiL (118.72 ms)

213/fiL (474.90 ms)

214/fiL (949.80 ms)

Rl FRP|PFP|O|lO|lOC| O

PR, O|O|RrR|PFR|] O| O

Pl O|PFRP|O|RFRP|O| kL[| O

216/fiL (3799.19 ms)

Remark  fiL: Low-speed on-chip oscillator clock frequency
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11.4.3 Setting window open period of watchdog timer

Set the window open period of the watchdog timer by using bits 6 and 5 (WINDOW1, WINDOWO) of the option
byte (000COH). The outline of the window is as follows.

« If “ACH” is written to the watchdog timer enable register (WDTE) during the window open period, the watchdog
timer is cleared and starts counting again.

« Even if “ACH” is written to the WDTE register during the window close period, an abnormality is detected and
an internal reset signal is generated.

Example: If the window open period is 50%

Counting Overflow
starts time
Window 