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NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and 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 Vi (MAX) and
Vi (MIN).

HANDLING OF UNUSED INPUT PINS

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

PRECAUTION AGAINST ESD

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

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, I/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.

POWER ON/OFF SEQUENCE

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

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

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or 1/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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EEPROM is trademark of NEC Electronics Corporation.

Windows and Windows NT are either 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.

HP9000 series 700 and HP-UX are trademarks of Hewlett-Packard Company.

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

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

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

* The information in this document is current as of March, 2007. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

e NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from the use of NEC Electronics products listed in this document
or any other liability arising from the use of such products. No license, express, implied or otherwise, is
granted under any patents, copyrights or other intellectual property rights of NEC Electronics or others.

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

o While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC
Electronics products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment and anti-failure features.

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

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

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

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

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

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

(Note)

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

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

Purpose

Organization

How to Read This Manual

Conventions

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
78K0/FE2 and design and develop application systems and programs for these devices.
The target products are as follows.

78KO/FE2: 1PD78F0887 (A), 78F0888 (A), 78F0889 (A), 78F0890 (A)
78F0887 (A2), 78F0888 (A2), 78F0889 (A2), 78F0890 (A2)

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

The 78K0/FE2 manual are separated into two parts: this manual and the instructions
edition (common to the 78K/0 Series).

78KO0/FE2 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
¢ Pin functions e CPU functions
¢ Internal block functions o Instruction set
o Interrupts o Explanation of each instruction

Other on-chip peripheral functions
o Electrical specifications

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

o When using this manual as the manual for (A) and (A2) grade products:
— Only the quality grade differs between (A) grade products and (A2) grade
products.
Read the part number as follows.
» yPD78F0887— uPD78F0887 (A), 78F0887 (A2
* uPD78F0888— 1PD78F0888 (A), 78F0888 (A2
* uPD78F0889— 4PD78F0889 (A), 78F0889 (A2
* uPD78F0890— 4PD78F0890 (A), 78F0890 (A2
e To gain a general understanding of functions:
— Read this manual in the order of the CONTENTS. The mark <R> shows major
revised points.
e How to interpret the register format:
— For a bit number enclosed in brackets, the bit name is defined as a reserved word
in the assembler, and is already defined in the header file named sfrbit.h in the C
compiler.
e To check the details of a register when you know the register name:
— Refer to APPENDIX C REGISTER INDEX.

~—~ — ~— ~—

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 X XXX OF xxxxB

Decimal e XXXX

Hexadecimal ---xxxxH
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<R>

<R>

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

Documents Related to Devices

The related documents indicated in this publication may include preliminary versions.

Document Name

Document No.

78K0/FE2 User's Manual

This manual

78K/0 Series Instructions User's Manual

U12326E

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

Document Name

Document No.

RA78KO0 Ver.3.80 Assembler Package Operation U17199E
Language U17198E
Structured Assembly Language U17197E
CC78KO0 Ver.3.70 C Compiler Operation U17201E
Language U17200E
ID78K0-QB Ver. 2.90 Integrated Debugger Operation U17437E
PM plus Ver. 5.20 U16934E

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

Document Name

Document No.

QB-78K0FX2 In-Circuit Emulator U17534E
QB-78KOMINI ON-CHIP DEBUG Emulator U17029E
QB-MINI2 On-Chip Debug Emulator with Programming Function U18371E

Documents Related to Flash Memory Programming

Document Name

Document No.

PG-FP4 Flash Memory Programmer User’'s Manual

U15260E

PG-FPL3 Flash Memory Programmer User's Manual

U17454E

Other Documents

Document Name

Document No.

SEMICONDUCTOR SELECTION GUIDE - Products and Packages — X13769X
Semiconductor Device Mount Manual Note

Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

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

Caution The related documents listed above are subject to change without notice. Be sure to use the latest

version of each document when designing.
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CHAPTER 1 OUTLINE

1.1 Features

O Minimum instruction execution time can be changed from high speed (0.1 us: @ 20 MHz operation with high-
speed system clock) to ultra low-speed (122 us: @ 32.768 kHz operation with subsystem clock)

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

O ROM, RAM capacities

ltem Program Memory Data Memory
Part Number (ROM) Internal High-Speed RAM™"* | Internal Expansion RAM"*®
1PD78F0887 Flash memory"™* | 48 KB 1024 bytes 2048 bytes
uPD78F0888 60 KB
uPD78F0889 96KB 4096 bytes
4PD78F0890 128 KB 6144 bytes

Note The internal flash memory, internal high-speed RAM capacities, and internal expansion RAM capacities
can be changed using the internal memory size switching register (IMS) and the internal expansion RAM
size switching register (IXS).

O On-chip single-power-supply flash memory
O Self-programming (with boot swap function)
O On-chip debug function
O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
O Short startup is possible via the CPU default start using the on-chip internal high-speed oscillator
O On-chip watchdog timer (operable with on-chip internal low-speed oscillator clock)
O On-chip multiplier/divider
O On-chip clock output/buzzer output controller
O 1/O ports: 55 (N-ch open drain: 4)
O Timer: 10 channels
O Serial interface: 4 channels
(UART (LIN (Local Interconnect Network)-bus supported): 1 channel,
CSI/UART "“®: 1 channel, CSI: 1 channel, CAN: 1 channel)
O 10-bit resolution A/D converter: 12 channels
O Supply voltage: Voo=4.0to 5.5V when 20 MHz, Voo = 2.7 to 5.5 V when 10 MHz, Voo = 1.8 to 5.5 V when 5 MHz
(with internal high-speed oscillator clock or subsystem clock: Vob = 1.8 to 5.5 V)
O Operating ambient temperature: Ta= —40 to +85°C, —40 to +125°C

Note Select either of the functions of these alternate-function pins.
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1.2 Applications

O Automotive electrical appliances (Body control, Door control, Front light control)

O Industrial equipment (Industrial robot, Building control)

1.3 Ordering Information
¢ Flash memory version

Part Number

Package

Quality Grade

1PD78F0887GK(A)-GAJ-AX
1PD78F0887GK(A2)-GAJ-AX
1PD78F0887GB(A)-GAH-AX
1PD78F0887GB(A2)-GAH-AX
1PD78F0888GK(A)-GAJ-AX
1PD78F0888GK(A2)-GAJ-AX
1PD78F0888GB(A)-GAH-AX
PD78F0888GB(A2)-GAH-AX
PD78F0889GK(A)-GAJ-AX
1PD78F0889GK(A2)-GAJ-AX
1PD78F0889GB(A)-GAH-AX
PD78F0889GB(A2)-GAH-AX
PD78F0890GK(A)-GAJ-AX
1PD78F0890GK(A2)-GAJ-AX
1PD78F0890GB(A)-GAH-AX
(A

#PD78F0890GB(A2)-GAH-AX

64-pin plastic LQFP (12x12)
64-pin plastic LQFP (12x12)
64-pin plastic LQFP (Fine pitch) (10x10)
64-pin plastic LQFP (Fine pitch) (10x10)
64-pin plastic LQFP (12x12)
64-pin plastic LQFP (12x12)
64-pin plastic LQFP (Fine pitch) (10x10)
64-pin plastic LQFP (Fine pitch) (10x10)
64-pin plastic LQFP (12x12)
64-pin plastic LQFP (12x12)
64-pin plastic LQFP (Fine pitch) (10x10)
64-pin plastic LQFP (Fine pitch) (10x10)
64-pin plastic LQFP (12x12)
64-pin plastic LQFP (12x12)
64-pin plastic LQFP (Fine pitch) (10x10)
64-pin plastic LQFP (Fine pitch) (10x10)

Remark All these products are lead free products.
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CHAPTER 1 OUTLINE

1.4 Pin Configuration (Top View)

e 64-pin plastic LQFP (12x12)
e 64-pin plastic LQFP (Fine pitch) (10x10)
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P123/XT1 0— 8 41 f=—0 P15/TOHO
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P122/X2/EXCLK O——— 10 39 |=—0 P17/TI50/TO50
P121/X1 O—{ 11 38 [~—=0O P30/INTP1
REGC O———— 12 37 f=~—0O P53
Vss O——— 13 36 |=—0O P52
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Cautions 1.
2.
3.
4,

Make AVss and EVss the same potential as Vss.
Make EVob the same potential as Vop.

Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF: recommended).
ANIO/P80 to ANI11/P93 are set in the analog input mode after release of reset.
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Pin Identification

ANIO to ANI11:  Analog input P90 to P93: Port 9
AVREF: Analog reference voltage P120 to P124: Port 12
AVss: Analog ground P130 to P132: Port 13
BUZ: Buzzer output PCL: Programmable clock output
CRxD: Receive data for CAN REGC: Regulator Capacitance
CTxD: Transmit data for CAN RESET: Reset
EVoo: Power supply for port RxD60, RxD61: Receive data
EVss: Ground for port SCK10, SCK11: Serial clock input/output
EXCLK: External clock input S0, Si11: Serial data input
(Main system clock) S010, SO11: Serial data output
EXCLKS: External clock input SSI1: Serial interface chip select input
(Subsystem clock) TIOO0O, TIO10,
EXLVI: External potential input TI1001, TIO11,
for low-voltage detector T1002, TIO12,
FLMDO: Flash programming mode TI003, TIO13,
INTPO to INTP7: External interrupt input TI50, TI51: Timer input
P00, PO1, TOO00, TOO01,
P05, P06: Port 0 TOO02, TO03
P10 to P17: Port 1 TO50, TO51,
P30 to P33: Port 3 TOHO, TOH1: Timer output
P40 to P43: Port 4 TxD60, TxD61: Transmit data
P50 to P53: Port 5 Vbb: Power supply
P60 to P63: Port 6 Vss: Ground
P70 to P76: Port 7 X1, X2: Crystal oscillator (high-speed system clock)
P80 to P87: Port 8 XT1, XT2: Crystal oscillator (subsystem clock)
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1.5 Fx2 Series Lineup

1.5.1 78K0/Fx2 product lineup

e 44-pin LQFP (10 x 10 mm 0.8 mm pitch)

78K0/FC2
uPD78F0881 uPD78F0882 uPD78F0883
Single-power-supply flash Single-power-supply flash Single-power-supply flash
memory: 32 KB, memory: 48 KB, memory: 60KB,
RAM: 2 KB RAM: 3 KB RAM: 3 KB
¢ 48-pin LQFP (7 x 7 mm 0.5 mm pitch)
78K0/FC2
uPD78F0884 uPD78F0885 uPD78F0886
Single-power-supply flash Single-power-supply flash Single-power-supply flash
memory: 32 KB, memory: 48 KB, memory: 60KB,
RAM: 2 KB RAM: 3 KB :3KB
» 64-pin LQFP (10 x 10 mm 0.5 mm pitch, 12 x 12 mm 0.65 mm pitch)
78KO/FE2
uPD78F0887 || uPD78F0888 |—{ .PD78F0889 | | wPD78F0890
Single-power-supply flash Single-power-supply flash  Single-power-supply flash  Single-power-supply flash
memory: 48 KB, memory: 60 KB, memory: 96 KB, memory: 128 KB,
RAM: 3 KB RAM: 3 KB RAM: 5 KB RAM: 7 KB

» 80-pin LQFP (12 x 12 mm 0.5 mm pitch, 14 x 14 mm 0.65 mm pitch)
78K0/FF2

| wPD78F0891 |—— uPD78F0892 || uPD78F0893
Single-power-supply flash Single-power-supply flash Single-power-supply flash
memory: 60 KB, memory: 96 KB, memory: 128 KB,

RAM: 3 KB RAM: 5 KB RAM: 7 KB

Remark  All product with on-chip debug function.
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The list of functions in the 78K0/Fx2 is shown below.

Part Number 78K0/FC2 78K0/FE2 78KO0/FF2
Item
Number of pins 44 pins 48 pins 64 pins 80 pins
Internal | Flash memory 32 K/48 K/60 K 48 K/60 K/96 K/128 K 60 K/96 K/128 K
memory
RAM 2 K/IBK/BK 3 KB K/BK/I7K 3 K/BK/7K
(bytes)

Power supply voltage

Voo = 4.0 t0 5.5 V when 20 MHz, Voo = 2.7 t0 5.5 V when 10 MHz,

Voo = 1.8t0 5.5 V when 5 MHz

Minimum instruction execution time

0.1 us (when 20 MHz, Vob = 4.0 to 5.5 V)

Clock Crystal/ceramic 4 t0 20 MHz
Subclock 32.768 kHz
Internal low-speed 240 kHz (TYP.)
oscillator

Internal high-speed

8 MHz (TYP., Voo = 2.7 t0 5.5 V)

oscillator
Portts | CMOS /0 33 I | 50 | 66
CMOS output 1
N-ch open-drain /O 3 | 4
Timer | 16 bits (TMO) 2.ch™* | 4ch
8 bits (TM5) 2ch
8 bits (TMH) 2ch
For watch 1ch
WDT 1ch
Serial CAN 1ch
interface | 3-wire CSI - | 1ch
LIN-UART 1ch
LIN-UART/CSI 1ch
10-bit A/D converter 8 ch 9 ch | 12 ch 16 ch
Interrupts | External 8
Internal 24 | 29
Reset RESET pin Provided
POC 1.59 V +0.15 V (detection voltage is fixed)
LVI 4.24/4.09/3.93/3.78/3.62/3.47/3.32/3.16/3.01/2.85/2.70/2.55/2.39/2.24/2.08/1.93 V
(selectable by software)
WDT Provided
Multiplier/divider Provided
Clock output/buzzer output Provided
Self-programming function Provided
On-chip debug function Provided

Standby function

HALT/STOP mode

Operating ambient temperature

Ta=-40 to +85°C, —40 to +125°C

Note Since TMO1 does not have the following terminal at 78K0/FC2, the function is restricted in part.
uPD78F0881, 78F0882, and 78F0883: TI001, TI011, TOO1
uPD78F0884, 78F0885, and 78F0886: TI001

22
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1.6 Block Diagram

TOO00/TI010/P01 ~—

16-bit timer/
event counter 00

TI000/P00 (LINSEL)
RxD60/P14 (LINSEL) T

TOO01/TI011/P06 ~—~
TI001/P05 ——

16-bit timer/
event counter 01

TO02/TI012/P32 ~—~
TI002/P31 ——

16-bit timer/
event counter 02

TOO03/TI013/P132 ~—
TIO03/P131

16-bit timer/
event counter 03

TOHO/P15 ~—

8-bit timer HO

TOH1/P16 =—

8-bit timer H1

TIS0/TO50/P17 ~—=

8-bit timer/
event counter 50

TI51/TO51/P33 =—»

8-bit timer/
event counter 51

SO VI VI O I R I V0

1

Internal low-speed
oscillator

v

Watchdog timer

Watch timer

RxD60/P14 ——
TxD60/P13 <—-H|

Serial
interface UART60

LINSEL

RxD61/P11 ——=
TxD61/P10 =~—H]

Serial
interface UART61

SCK10/P10 — =
SIO/P11 -—nH
SO10/P12 =—]

Serial
interface CSI10

SSI11/P05 -—
SO11/P73 =—
SI11/P74
SCK11/P75 ——=

Serial interface
CSlt1

g ¢ g ¢ 04

ANIO/P80-ANI7/P87
ANI8/P90-ANI11/P93
AVRer

AVss

A/D converter

{

INTPO/P120 (LINSEL) j»

RxD60/P14 (LINSEL)
INTP1/P30-
INTP4/P33
INTP5/P16 ——~]

INTP6/P72
INTP7/P73

Interrupt control

CRxD/P71 ——=
CTxD/P70 ~—]

CAN

g ¢

- Port 0 K4 >Poo, P01, P05, P06
- Port 1 K8 >P10-P17
K Port 3 K4~ >P3o-P33
KD Port 4 K2 >pao-pa3
- Port 5 K 4 >p50-ps53
K Port 6 K4~ >P60-P63
KD Port 7 K7 >p70-P76
- Port 8 K8 >P8o-Ps7
K> Port 9 K 4 >P90-P93
o Flash
S
CPY 1| memory K Port12 K5 >P120-P124
@ @ (= Ponts K2~ >P13t, P132
<:> Buzzer output BUZ/P73
-
-
-
-

Clock output control PCL/P72
Internal Internal
high-speed| |expansion
RAM RAM Multiplier/Divider
Polwer OTt clear/ POC/LVI
ow voltage control ——EXLVI/P120
indicator
Reset control
RESET
System control  |«—X1/P121
Internal high-speed X2/EXCLK/P122
oscillator XT1/P123
‘ XT2/EXCLKS/P124
On-chip
Voo, Vss, FLMDO K
EVoo EVss debugger
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1.7 Outline of Functions

(1/2)
Item 1PD78F0887 uPD78F0888 1PD78F0889 4PD78F0890

Internal Flash memory 48 K 60 K 96 K 128 K
memory (self-programming
(bytes) supported)"*®

Bank - - 4 6

High-speed RAM"*® 1K

Expansion RAM"* 2K 2K 4K ‘ 6K
Memory space 64 KB
High-speed system clock Crystal/ceramic oscillation (X1), external main system clock input (EXCLK)
(oscillation frequency) 4 t0 20 MHz: Voo =4.0t0 5.5V, 4t0 10 MHz: Voo =2.7t0 5.5 V,

4to5MHz: Voo =1.8t0 5.5V

Internal high-speed oscillation On-chip internal oscillation (8 MHz (TYP.): Voo =2.7 to 5.5 V)
clock (oscillation frequency)

Internal low-speed oscillation On-chip internal oscillation (240 kHz (TYP.))
clock (oscillation frequency)

Subsystem clock Crystal oscillation (XT1), external subsystem clock input (EXCLKS)
(oscillation frequency) (32.768 kHz: Voo = 1.8 10 5.5 V)
General-purpose registers 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution 0.1 us/0.2 us/0.4 1s/0.8 us/1.6 us (high-speed system clock: @ fxe = 20 MHz operation)

time 0.25 1s/0.5 us/1.0 us/2.0 us/4.0 us (TYP.) (internal oscillator clock: @ fas = 8 MHz (TYP.)
operation)

122 us (subsystem clock: when operating at fxr = 32.768 kHz)

Instruction set * 16-bit operation

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

* Bit manipulate (set, reset, test, and Boolean operation)
¢ BCD adjust, etc.

1/0 ports Total: 55
CMOS I/0 50
CMOS output 1
N-ch open-drain /O 4

Timers ¢ 16-bit timer/event counter: 4 channels
¢ 8-bit timer/event counter: 2 channels
¢ 8-bit timer: 2 channels
¢ Watch timer 1 channel
* Watchdog timer: 1 channel

Timer outputs 8 (PWM output: 4)
Clock output e 78.125 kHz, 156.25 kHz, 312.5 kHz, 625 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz

(high-speed system clock: 10 MHz)
* 32.768 kHz (subsystem clock: 32.768 kHz)

Buzzer output 1.22 kHz, 2.44 kHz, 4.88 kHz, 9.77 kHz (high-speed system clock: 10 MHz)

A/D converter 10-bit resolution x 12 channels

Note The internal flash memory capacity, internal high-speed RAM capacity, and internal expansion RAM capacity
can be changed using the internal memory size switching register (IMS) and the internal expansion RAM size
switching register (IXS).
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(2/2)
Item 1PD78F0887 1PD78F0888 4PD78F0889 HPD78F0890
Serial interface | CAN 1ch
3-wire CSI 1ch
LIN-UART 1ch
LIN-UART/ 1ch
(o1
Multiplier/divider * 16 bit x 16 bit = 32 bit (Multiplication)
¢ 32 bit + 32 bit = 32 bit remainder of 16 bits (Division)
Vectored Internal 29
interrupt sources | gyternal 8
Reset * Reset using RESET pin
* Internal reset by watchdog timer
* Internal reset by power-on-clear
* Internal reset by low-voltage detector
On-chip debug function Provided
Supply voltage Vop=1.8t055V
Operating ambient temperature Ta = —40 to +85°C, —40 to +125°C
Package * 64-pin plastic LQFP(10x10)
* 64-pin plastic LQFP(12x12)
Note Select either of the functions of these alternate-function pins.
An outline of the timer is shown below.
16-Bit Timer/ 8-Bit Timer/ 8-Bit Timers HO |Watch Timer|Watchdog
Event Counters 00 to 03 Event Counters and H1 Timer
50 and 51
TMO0O|TMO1|TM02 |TMO03| TM50 | TM51 | TMHO | TMH1
Operation | Interval timer 1ch [1ch |1ch |1ch 1ch 1ch 1ch 1ch |1 channel "I 1 channel
mode External event counter 1ch |1ch |1ch |[1ch 1ch 1ch - - - -
Function | Timer output 1 1 1 1 1 1 1 1 - -
PPG output 1 1 1 1 - - - - - -
PWM output - - - - 1 1 1 1 - -
Pulse width measurement | 2 2 2 2 - - - - - -
Square-wave output 1 1 1 1 1 1 1 1 - -
Interrupt source 2 2 2 2 1 1 1 1 1 -
Note In the watch timer, the watch timer function and interval timer function can be used simultaneously.
Remark TM51 and TMH1 can be used in combination as a carrier generator mode.
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

There are three types of pin 1/O buffer power supplies: AVRer, EVop, and Vob. The relationship between these
power supplies and the pins is shown below.

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

Power Supply Corresponding Pins
AVRrer P80 to P87, P90 to P93
EVop Port pins other than P80 to P87, P90 to P93 and P121 to P124
Vob e P121 to P124
* Non-port pins

This section explains the names and functions of the pins of the 78K0/FE2.

(1) Port pins

Table 2-2. Port pins (1/2)

Pin Name 110 Function After Reset | Alternate Function
P00 1/0 Port 0. Input TI000
PO1 4-bit 1/0 port. TI010/TO00
Input/output can be specified in 1-bit units. —
P05 . . - SSI11/T1001
Use of an on-chip pull-up resistor can be specified by a
P06 software setting. TI011/TOO1
P10 110 Port 1. Input SCK10/TxD61
P11 8-bit I/O port. SI10/RxD61
Input/output can be specified in 1-bit units.
P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TxD60
P14 RxD60
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P30 110 Port 3. Input INTP1
P31 4-bit I/O port. INTP2/TI002
Input/output can be specified in 1-bit units.
P32 Use of an on-chip pull-up resistor can be specified by a INTP3/T1012/TO02
P33 software setting. INTP4/T151/TO51
P40 to P43 1/0 Port 4. Input -
4-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
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Table 2-2. Port pins (2/2)

Pin Name 1/0 Function After Reset | Alternate Function
P50 to P53 1/0 Port 5. Input -
4-bit I/0 port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P60 to P63 110 Port 6. N-ch open drain 1/O port. Input -
4-bit I/O port
Input/output can be
specified in 1-bit units.
P70 /0 Port 7. Input CTxD
P71 7-bit 1/0 port. CRxD
Input/output can be specified in 1-bit units.
P72 . . - PCL/INTP6
Use of an on-chip pull-up resistor can be specified by a
P73 software setting. BUZ/INTP7
P74 SO11
P75 S
P76 SCKT1
P80 to P87 /0 Port 8. Input ANIO to ANI7
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
P90 to P93 1/0 Port 9. Input ANI8 to ANI11
4-bit I/O port.
Input/output can be specified in 1-bit units.
P120 1/0 Port 12. Input INTPO/EXLVI
5-bit I/0 port.
P121 ) ) X1
Only for P120, use of an on-chip pull-up resistor can be
P122 specified by a software setting. X2/EXCLK
P123 XT1
P124 XT2/EXCLKS
P130 Output Port 13. Output -
P131 /0 P130 is 1-bit output-only port. Input
P132 P131 and P132 are 2-bit I/O port.

P131 and P132 use of an on-chip pull-up resistor can be
specified by a software setting.
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(2) Non-port pins

Table 2-3. Non-port pins (1/2)

Pin Name 110 Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the valid edge (rising | Input P120/EXLVI
INTP1 edge, falling edge, or both rising and falling edges) can be P30

specified
INTP2 P31/T1002
INTP3 P32/T1012/TO02
INTP4 P33/T151/TO51
INTP5 P16/TOH1
INTP6 P72/PCL
INTP7 P73/BUZ
SO Input Serial data input to serial interface Input P11/RxD61
Si11 P75
S010 Output Serial data output from serial interface Input P12
SO11 P74
SCK10 1/0 Clock input/output for serial interface Input P10/TxD61
SCK11 P76
SSIt1 Input Serial interface chip select input Input P05/TI001
RxD60 Input Serial data input to asynchronous serial interface Input P14
RxD61 P11/SI10
TxD60 Output Serial data output from asynchronous serial interface Input P13
TxD61 P10/SCK10
TI000 Input External count clock input to 16-bit timer/event counter 00 Input P00
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TI001 External count clock input to 16-bit timer/event counter 01 P05/SSI11
Capture trigger input to capture registers (CR001, CR011) of
16-bit timer/event counter 01
TI002 External count clock input to 16-bit timer/event counter 02 P31/INTP2
Capture trigger input to capture registers (CR002, CR012) of
16-bit timer/event counter 02
TI003 External count clock input to 16-bit timer/event counter 03 P131
Capture trigger input to capture registers (CR003, CR013) of
16-bit timer/event counter 03
TIO10 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00
TIO11 Capture trigger input to capture register (CR001) of 16-bit P06/TO01
timer/event counter 01
TIO12 Capture trigger input to capture register (CR002) of 16-bit P32/TO02/INTP3
timer/event counter 02
TIO13 Capture trigger input to capture register (CR003) of 16-bit P132/TO03
timer/event counter 03
TOO00 Output 16-bit timer/event counter 00 output Input P0O1/TI010
TOO1 16-bit timer/event counter 01 output P06/TI011
TO02 16-bit timer/event counter 02 output P32/TI012/INTP3
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Table 2-3. Non-port pins (2/2)

Pin Name 110 Function After Reset | Alternate Function
TOO03 Output 16-bit timer/event counter 03 output Input P132/TI013
TI50 Input External count clock input to 8-bit timer/event counter 50 Input P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TO50 Output 8-bit timer/event counter 50 output Input P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO 8-bit timer HO output P15
TOH1 8-bit timer H1 output P16/INTP5
PCL Output Clock output (for trimming of high-speed system clock, Input P72/INTP6

subsystem clock)
BUZ Output Buzzer output Input P73/INTP7
ANIO to ANI11 Input A/D converter analog input Input P80 to P87
P90 to P93
CTxD Input CAN transmit data output Input P70
CRxD Output CAN receive data input Input P71
AVRer Input A/D converter reference voltage input and positive power - -
supply for port 2
AVss - A/D converter ground potential. Make the same potential as - -
EVss or Vss.
RESET Input System reset input - -
X1 Input Connecting resonator for high-speed system clock Input P121
X2 - Input P122/EXCLK
XT1 Input Connecting resonator for subsystem clock Input P123
XT2 - Input P124/EXCLKS
EXCLK Input External clock input for main system clock Input P122/X2
EXCLKS Input External clock input for subsystem clock Input P124/XT2
EXLVI Input Potential input for external low-voltage detection Input P120/INTPO
Voo - Positive power supply (except for ports) - -
EVop - Positive power supply for ports - -
Vss - Ground potential (except for ports) - -
EVss - Ground potential for ports - -
FLMDO - Flash memory programming mode setting. - -
REGC -
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2.2 Description of Pin Functions

2.2.1 P00, P01, P05, P06 (port 0)

P00, P01, P05 and P06 function as a 4-bit I/0O port. These pins also function as timer 1/O and serial interface chip
select input.

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

(1) Port mode

P00, P01, P05 and P06 function as 4-bit /O port. P00, P01, PO5 and P06 can be set to input or output in 1-bit
units using port mode register 0 (PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor
option register 0 (PUO).

(2) Control mode
P00, P01, P05 and P06 function as timer I/0, and serial interface chip select input.
(a) TIOOO, TIOO1
These are the pins for inputting an external count clock to 16-bit timer/event counters 00 and 01 and are also

for inputting a capture trigger signal to the capture registers (CR000, CR010 or CR001, CR011) of 16-bit
timer/event counters 00 and 01.

(b) TI010, TIO11
These are the pins for inputting a capture trigger signal to the capture register (CR000 or CR001) of 16-bit
timer/event counters 00 and 01.

(c) TOO00, TOO1
These are timer output pins.

(d) ssI1
This is the serial interface chip select input pin.
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2.2.2 P10 to P17 (port 1)
P10 to P17 function as an 8-bit I/0 port. These pins also function as pins for external interrupt request input, serial
interface data I/O, clock 1/O, and timer 1/O.
The following operation modes can be specified in 1-bit units.
(1) Port mode
P10 to P17 function as an 8-bit /O port. P10 to P17 can be set to input or output in 1-bit units using port mode
register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1 (PU1).
(2) Control mode
P10 to P17 function as external interrupt request input, serial interface data 1/O, clock I/O, timer I/O.

(a) SI0
This is a serial interface serial data input pin.

(b) so10
This is a serial interface serial data output pin.

(c) SCK10
This is a serial interface serial clock I/O pin.

(d) RxD60, RxD61
These are the serial data input pins of the asynchronous serial interface.

(e) TxD60, TxD61
These are the serial data output pins of the asynchronous serial interface.

(f) TI50
This is the pin for inputting an external count clock to 8-bit timer/event counter 50.

(9) TO50, TOHO, and TOH1
These are timer output pins.

(h) 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.
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2.2.3 P30 to P33 (port 3)

P30 to P33 function as a 4-bit I/O port. These pins also function as pins for external interrupt request input and
timer 1/0.

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

(1) Port mode

P30 to P33 function as a 4-bit I/O port. P30 to P33 can be set to input or output in 1-bit units using port mode
register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3 (PU3).

(2) Control mode

P30 to P33 function as external interrupt request input pins and timer 1/O pins.

(a) INTP1 to 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) TIO02
This is the pin for inputting an external count clock to 16-bit timer/event counter 02 and is also for inputting a
capture trigger signal to the capture registers (CR002, CR012) of 16-bit timer/event counter 02.

(c) TI012
This is the pin for inputting a capture trigger signal to the capture register (CR002) of 16-bit timer/event
counter 02.

(d) TO02
This is a timer output pin.

(e) TI51
This is an external count clock input pin to 8-bit timer/event counter 51.

(f) TO51
This is a timer output pin.

Cautions1. Be sure to pull the P31/TI002/INTP2 pin down before a reset release, to prevent malfunction.
2. Connect P31/TI002/INTP2 as follows when writing the flash memory with a flash programmer.
- P31/TI002/INTP2: Connect to EVss via a resistor (10 kQ: recommended).
The above connection is not necessary when writing the flash memory by means of self
programming.

Remark P31/TI002/INTP2 and P32/T1012/TO02/INTP3 can be used as on-chip debug mode setting pins when
the on-chip debug function is used. For details, refer to CHAPTER 25 ON-CHIP DEBUG FUNCTION.

2.2.4 P40 to P43 (port 4)

P40 to P43 function as a 4-bit I1/0 port. P40 to P43 can be set to input or output in 1-bit units using port mode
register 4 (PM4). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4 (PU4).
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2.2.5 P50 to P53 (port 5)
P50 to P53 function as a 4-bit 1/0 port. P50 to P53 can be set to input or output in 1-bit units using port mode
register 5 (PM5). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 5 (PU5).

2.2.6 P60 to P63 (port 6)

P60 to P63 function as a 4-bit I/O port. P60 to P63 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6).

P60 to P63 are N-ch open-drain pins.

2.2.7 P70 to P76 (port 7)

P70 to P76 function as a 7-bit I/O port. These pins also function as external interrupt request input, clock output
pins, buzzer output pins, CAN I/F 1/O, serial interface data I/O and clock 1/O.

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

(1) Port mode
P70 to P76 function as a 7-bit I/O port. P70 to P76 can be set to input or output in 1-bit units using port mode
register 7 (PM7). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 7 (PU7).
(2) Control mode
P70 to P77 function as external interrupt request input, output pins, buzzer output pins, CAN I/F /O, serial

interface data 1/0 and clock I/O.

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

(b) CRxD
This is the CAN serial receive data input pin.

(c) CTxD
This is the CAN serial transmit data output pin.

(d) PCL
This is a clock output pin.

(e) BUZ
This is a buzzer output pin.

(f) Si1
This is a serial interface serial data input pin.

(g) SO11
This is a serial interface serial data output pin.

(h) SCK11
This is the serial interface serial clock 1/O pin.
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2.2.8 P80 to P87 (port 8)
P80 to P87 function as an 8-bit I/O port. These pins also function as pins for A/D converter analog input.
The following operation modes can be specified in 1-bit units.
(1) Port mode
P80 to P87 function as an 8-bit I/0 port. P80 to P87 can be set to input or output in 1-bit units using port mode
register 8 (PM8).
(2) Control mode
P80 to P87 function as A/D converter analog input pins (ANIO to ANI7). When using these pins as analog input

pins, see (5) P80/ANIO to P87/ANI7, P90/ANI8 to P93/ANI11 in 13.6 Cautions for A/D Converter.

Caution P80/ANIO to P87/ANI7 is set in the analog input mode after release of reset.

2.2.9 P90 to P93 (port 9)
P90 to P93 function as an 4-bit I/O port. These pins also function as pins for A/D converter analog input.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P90 to P93 function as an 4-bit I/O port. P90 to P93 can be set to input or output in 1-bit units using port mode
register 9 (PM9).

(2) Control mode
P90 to P93 function as A/D converter analog input pins (ANI8 to ANI11). When using these pins as analog input

pins, see (5) P80/ANIO to P87/ANI7, P90/ANI8 to P93/ANI11 in 13.6 Cautions for A/D Converter.

Caution P90/ANI8 to P93/ANI11 is set in the analog input mode after release of reset.

2.2.10 P120 to P124 (port 12)

P120 to P124 function as a 5-bit I/O port. These pins also function as pins for external interrupt request input,
external clock input for main system clock, external clock input for subsystem clock and potential input for external
low-voltage detection. The following operation modes can be specified in 1-bit units.

(1) Port mode

P120 to P124 function as a 5-bit I/0 port. P120 to P124 can be set to input or output using port mode register 12
(PM12). Only for P120, use of an on-chip pull-up resistor can be specified by pull-up resistor option register 12
(PU12).

(2) Control mode

P120 to P124 function as pins for external interrupt request input, potential input for external low-voltage
detection, resonator connection for main system clock, resonator connection for subsystem clock, external clock
input for main system clock and external clock input for subsystem clock.

(a) INTPO

This functions as an external interrupt request input for which the valid edge (rising edge, falling edge, or
both rising and falling edges) can be specified.
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(b) EXLVI
This is a potential input pin for external low-voltage detection.

(c) X1, X2
These are the pins for connecting a resonator for high-speed system clock.
When supplying an external clock, input a signal to the X1 pin and input the inverse signal to the X2 pin.

Caution Connect P121/X1 as follows when writing the flash memory with a flash programmer.
- P121/X1: When using this pin as a port, connect it to Vss via a resistor (10 kQ:
recommended) (in the input mode) or leave it open (in the output mode).
The above connection is not necessary when writing the flash memory by means of self
programming.

Remark The X1 and X2 pins can be used as on-chip debug mode setting pins when the on-chip debug
function is used. For details, refer to CHAPTER 25 ON-CHIP DEBUG FUNCTION.

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

(e) XT1, XT2
These are the pins for connecting a resonator for subsystem clock.
When supplying an external clock, input a signal to the XT1 pin and input the inverse signal to the XT2 pin.

(f) EXCLKS
This is an external clock input pin for subsystem clock.

2.2.11 P130 to P132 (port 13)
P130 functions as a 1-bit output-only port. P131 and P132 function as a 2-bit /O port. These pins also function as
pins for timer I/O. The following operation modes can be specified in 1-bit units.

(1) Port mode
P131 and P132 can be set to input or output in 1 bit units using port mode register 13 (PM13). P131 and P132 use
of an on-chip pull-up resistor can be specified by pull-up resistor option register 13 (PU13).

(2) Control mode

P130, P131 and P132 function as timer I/O and serial interface chip select input.

(a) TIOO3
This is the pin for inputting an external count clock to 16-bit timer/event counter 03 and is also for inputting a
capture trigger signal to the capture registers (CR003, CR013) of 16-bit timer/event counter 03.

(b) TIO13

This is the pin for inputting a capture trigger signal to the capture register (CR003) of 16-bit timer/event
counter 03.

(c) TOO3
This is a timer output pin.
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2.2.12 AVRer
This is the A/D converter reference voltage input pin.
When the A/D converter is not used, connect this pin directly to EVop or Vo',

Note Connect port 8 and port 9 directly to EVop when it is used as a digital port.

2.2.13 AVss
This is the A/D converter ground potential pin. Even when the A/D converter is not used, always use this pin with
the same potential as the EVss pin or Vss pin.

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

2.2.15 REGC
This is the pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect this
pin to Vssvia a capacitor (0.47 to 1 yF: recommended).

: f REGC
1
1
1
1
1
1
!

TL""' Vss

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

2.2.16 Vop and EVobp
Vo is the positive power supply pin for other than ports.
EVop is the positive power supply pin for ports.

2.2.17 Vss and EVss
Vss is the ground potential pin for other than ports.
EVss is the ground potential pin for ports.

2.2.18 FLMDO

This is a pin for setting flash memory programming mode.

Connect to EVss or Vss in the normal operation mode. In flash memory programming mode, be sure to connect
this pin to the flash programmer.
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2.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

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

Table 2-4. Pin I/O Circuit Types (1/2)

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

POO/TI000 5-AH 1/0 Input:  Independently connect to EVoo or

P0O1/T1010/TO00 EVss via a resistor.

P05/SS11/T1001 Output: Leave open.

P06/T1011/TO01

P10/SCK10/TxD61

P11/SI110/RxD61

P12/SO10 5-H

P13/TxD60

P14/RxD60 5-AH

P15/TOHO 5-H

P16/TOH1/INTP5 5-AH

P17/T150/TO50

P30/INTP1

P31/TI002/INTP2 "

P32/T1012/TO02/INTP3

P33/TI51/TO51/INTP4

P40 to P43 5-H

P50 to P53

P60 to P63 13-P Input:  Connect to EVss.
Output: Leave this pin open at low-level
output after clearing the output latch of the
port to 0.

P70/CTxD 5-H Input:  Independently connect to EVop or

P71/CRxD 5-AH EVss via a resistor.

P72/PCL/INTPG Output: Leave open.

P73/BUZ/INTP7

P74/SO11 5-H

P75/SI11 5-AH

P76/SCK11

Note Connect P31/TI002/INTP2 as follows when writing the flash memory with a flash
programmer.
- P31/T1002/INTP2: Connect to EVss via a resistor (10 kQ: recommended).
The above connection is not necessary when writing the flash memory by means of self
programming.
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Table 2-4. Pin I/O Circuit Types (2/2)

Pin Name 1/0O Circuit 1/0 Recommended Connection of Unused Pins
Type
P80/ANIO to P87/ANI7""" 11-G 110 <Analog setting>
P9O/ANI8 to P93/ANI11""" Connect to AVrer or AVss.
<Digital setting>
Input: Independently connect to EVoo or
EVss via a resistor.
Output: Leave open.
P120/INTPO/EXLVI 5-AH 1/0 Input:  Independently connect to EVoo or
EVss via a resistor.
Output: Leave open.
P121/X1""*?? 37 110 Input:  Independently connect to EVoo or
P122/X2/EXCLKN®? EVss via a resistor.
P123/XT 12 Output: Leave open.
P124/XT2/EXCLKS""**
P130 3-C Output | Leave open.
P131/T1003 5-AH 110 Input:  Independently connect to EVoo or
EVss via a resistor.
Output: Leave open.
P132/T1013/TO03
RESET 2 Input Connect to EVoo or Vob.
AVRer - - Connect directly to EVop or Vop"**,
AVss Connect directly to EVss or Vss.
FLMDO Connect to EVss or Vss.

Notes 1.

after release of reset.
2. Use the recommended connection above in 1/O port mode (see Figure 6-6 Format
of Clock Operation Mode Select Register (OSCCTL)) when these pins are not

used.

P80/ANIO to P87/ANI7 and P90/ANI8 to P93/ANI11 are set in the analog input mode

3. Connect P121/X1 as follows when writing the flash memory with a flash programmer.
- P121/X1: When using this pin as a port, connect it to Vss via a resistor (10 kQ:
recommended) (in the input mode) or leave it open (in the output mode).

The above connection is not necessary when writing the flash memory by means of
self programming.

4. Connect port 8 and port 9 directly to EVop when it is used as a digital port.
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Figure 2-1. Pin I/O Circuit List (1/2)
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I/O Circuit List (2/2)
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3.1 Memory Space

Products in the 78K0/FE2 can each access a 64 KB memory space. Figures 3-1 to 3-4 show the memory map.

Caution Regardless of the internal memory capacity, the initial values of the internal memory size
switching register (IMS) and internal expansion RAM size switching register (IXS) of the
78KO0/FE2 is fixed (IMS = CFH, IXS = OCH). Therefore, set the value corresponding to each
product as indicated below.

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

Flash Memory Version IMS IXS
uPD78F0887 CCH 08H
uPD78F0888 CFH 08H
uPD78F0889 CCH"™™ 04H
uPD78F0890 CCH™™ 00H

Note The #PD78F0889 and #PD78F0890 have internal ROMs of 96 KB and 128
KB, respectively. However, the set value of IMS of these devices is the same
as those of the 48 KB product because banks are used. For how to set the
banks, see 4.3 Memory Bank Select Register (BANK).

User's Manual U17554EJ4VOUD 41



CHAPTER 3 CPU ARCHITECTURE

Figure 3-1. Memory Map (zPD78F0887)

FFFFH
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FEDFH addressing
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____________________________ FE10H 1085H
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T F7FFH
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FOOOH
EFFFH 0085H
Reserved 0084H
0080H
cooon 007FH
Program L Flash memory £
n 49152 x 8 bits N
memory spacoe1 oo 0040H
O18PH [ 003FH
oosaH| s
0082H
0000H 0000H

Program area
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T 1FFFHW

Program area
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CALLF entry area
2048 x 8 bits

Program area
1915 x 8 bits

Option byte areaNote 3
5 x 8 bits

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

Boot cluster oNote 4
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Notes 1.

communication.
2. During on-chip debugging, use of this area is disabled since it is used as the communication command
area (269 bytes).
3. When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used:

During on-chip debugging, use of this area is disabled since it is used as the user data backup area for

Set the option bytes to 0080H to 0084H and 1080H to 1084H.

4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.8 Security

Setting).

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

BFFFH
ECOOH

Block 2FH

EBFFH

Block 01H

Block 00H

1 KB
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Figure 3-2. Memory Map (zPD78F0888)

FFFFH
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O190H | __ .. 003FH
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0083H| ____ .. ?767 777777777777 Vector table area
0082H 64 x 8 bits
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Notes1.

Remark

During on-chip debugging, use of this area is disabled since it is used as the user data backup area for
communication.

During on-chip debugging, use of this area is disabled since it is used as the communication command
area (269 bytes).

When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.8 Security
Setting).

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

EFFFH

ECO0H
EBFFH

Block 3BH

Block 01H

Block 00H 1KB
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Figure 3-3. Memory Map (zPD78F0889)

FFFFH
Special function
registers (SFR)
”””” 256 x 8 bits 77777 E";zgﬂ i
FFOOH
FEFFH General-purpose
registers Short direct
FEEOH 32 x 8 bits addressing
FEDFH
-L Internal high-speed RAM  _L
,,,,,,,,, 102480 |FE2on 4
FE1FH
Note 1
,,,,,,,,,,,, o . |FE10H
FEOFH
FBOOH
FAFFH _{ AFCAN area L
FAOOH T 256 x 8 bits T TFFFH
FOFFH
Data memory N a = Program area e S
space = Reserved ~ TFFFH
1085H
F800H 1084H Option byte areaNote 3
F7FFH .
1080H 5 x 8 bits Boot cluster 1
. 1 4 bit;
RAM space in _L Internal expansion RAM Huﬁiiganxkz) e 107FH
which instruction T~ 4096 x 8 bits T P
can bge fetched rogram area
f E800H 1000H
E7FFH OFFFH
= Reserved
C000H -~ CALLF entry area -~
BFFFH 2048 x 8 bits
Flash memory 0800H
s 16384 x 8 bits 07FFH
(bank 0) |1 Program area 1
8000H T 1915 x 8 bits 0T
7FFFH 0085H
0084H - Note 3 Boot cluster QNote 4
Program 16384 x 8 bits Option byte area
0080H 5 x 8 bits
memory space (bank 3) 007FH
Flash memory 16384 x 8 bits
ot 32768 x 8 bits = (bank 1) CALLT table area
(common) 64 x 8 bits
0190H | 0040H
003FH
018FH Note 2
0083H | . Vector table area
0082H 64 x 8 bits
0000H 0000H

Notes1.

2.

Remark

During on-chip debugging, use of this area is disabled since it is used as the user data backup area for
communication.

During on-chip debugging, use of this area is disabled since it is used as the communication command
area (269 bytes).

When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.8 Security
Setting).

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

(Memory bank 0) (Memory bank 1) (Memory bank 2) (Memory bank 3)
BFFFH
BCOOH Block 2FH Block 3FH Block 4FH Block 5FH
BBFFH
Bank L A L A L A L A
area §4FFH
83FFH
8000H Block 20H Block 30H Block 40H Block 50H
TFFFH Block 1FH
7C00H
TBFFH
Common T
area
07FFH
Block 01H
0400H
£ 03FFH
1KB Block 00H
¥ 0000H
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Figure 3-4. Memory Map (zPD78F0890)

space

FFFFH
Special function
registers (SFR)
,,,,,,, 256 x 8 bits -------{ FF20H
FF1FH
FFOOH
FEFFH General-purpose
registers Short direct
FEEOH 32 x 8 bits addressing
FEDFH
-L Internal high-speed RAM L
[ oeaxsos - FeooH
FE1FH
oo Noted FE10H
FEOFH
FBOOH
FAFFH [ AFCAN area L
FAOOH 256 x 8 bits 7FFFH
FOFFH Program area =
Data memory 4 Reserved -L B T 1FFFH
1085H
F800H 16384 x 8 bits|  1084H Option byte areaNote 3
F7FFH ;
(bank 4) 1080H 5 x 8 bits Boot cluster 1
RAM space in _ 107FH oot cluster
which instruction  —— Internal expansion RAM
can be fetched 6144 x 8 bits Program area
EOQOOH 1000H
DFFFH 0FFFH
= Reserved
C000H L CALLF entry area L
BFFFH 2048 x 8 bits
Flash memory 0800H
- 16384 x 8 bits 07FFH
(bank 0) 1 Program area 1
8000H T 1915 x 8 bits T
7FFFH 16384 x 8 bits 0085H Note 4
(bank 5)  0084H Option byte areaNete 3 Boot cluster oNote
Program 16384 x 8bits * 00 P 5 >)<,8 bits
memory space (bank 3) 007FH
Flash memory 16384 x 8 bits
= 32768 x 8 bits =~ (bank 1) CALLT table area
(common) 64 x 8 bits
otOH | 0040H
18FH 003FH
018 Note 2
0083H | . Vector table area
0082H 64 x 8 bits
0000H 0000H

Notes1. During on-chip debugging, use of this area is disabled since it is used as the user data backup area for
communication.
2. During on-chip debugging, use of this area is disabled since it is used as the communication command
area (269 bytes).
3. When boot swap is not used: Set the option bytes to 0080H to 0084H.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.
4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.8 Security
Setting).
Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.
(Memory bank 0) (Memory bank 1) N (Memory bank2) (Memory bank 5)
22;;: Block 2FH Block 3FH Block 4FH Block 7FH
BBFFH
Bank A A1 L A L 1 A 1
area 84FFHA< TT TT T T T
83FFH
8000H Block 20H B Block 30H B BlockdoH | Block 70H
TFFFH
Block 1FH
7C00H
7BFFH
Common T T
area
07FFH
0400H Block 01H
uﬁe 03FFH Block 00H
¥y 0000H
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Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-2. Correspondence Between Address Values and Block Numbers in Flash Memory (1/2)

(1) #PD78F0887, 78F0888

Remark #PD78F0887: Block numbers 00H to 2FH
1PD78F0888: Block numbers 00H to 3BH

46
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Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number

0000H to 03FFH O00H 4000H to 43FFH 10H 8000H to 83FFH 20H CO00H to C3FFH | 30H
0400H to 07FFH 01H 4400H to 47FFH 11H 8400H to 87FFH 21H C400H to C7FFH | 31H
0800H to OBFFH 02H 4800H to 4BFFH 12H 8800H to 8BFFH | 22H C800H to CBFFH | 32H
0COOH to OFFFH | O3H 4CO0H to 4FFFH | 13H 8COOH to 8FFFH | 23H CCOOH to CFFFH | 33H
1000H to 13FFH 04H 5000H to 53FFH 14H 9000H to 93FFH 24H DOOOH to D3FFH | 34H
1400H to 17FFH 05H 5400H to 57FFH 15H 9400H to 97FFH 25H D400H to D7FFH | 35H
1800H to 1BFFH 06H 5800H to 5BFFH 16H 9800H to 9BFFH | 26H D800H to DBFFH | 36H
1COOH to 1FFFH 07H 5CO00H to 5FFFH 17H 9COO0H to 9FFFH | 27H DCOOH to DFFFH | 37H
2000H to 23FFH 08H 6000H to 63FFH 18H AOOOH to ABFFH | 28H EOOOH to E3FFH | 38H
2400H to 27FFH 09H 6400H to 67FFH 19H A400H to A7FFH | 29H E400H to E7FFH | 39H
2800H to 2BFFH 0AH 6800H to 6BFFH 1AH A800H to ABFFH | 2AH E800H to EBFFH | 3AH
2CO0H to 2FFFH 0BH 6CO0H to 6FFFH 1BH ACOOH to AFFFH | 2BH ECOOH to EFFFH | 3BH
3000H to 33FFH | OCH 7000H to 73FFH | 1CH BOOOH to B3FFH | 2CH

3400H to 37FFH | ODH 7400H to 77FFH | 1DH B40OH to B7FFH | 2DH

3800H to 3BFFH | OEH 7800H to 7BFFH | 1EH B8OOH to BBFFH | 2EH

3CO0H to 3FFFH | OFH 7CO0H to 7FFFH | 1FH BCOOH to BFFFH | 2FH
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Table 3-2. Correspondence Between Address Values and Block Numbers in Flash Memory (2/2)

(2) 4PD78F0889, 78F0890

Address Value Block Address Value x Block Address Value x Block Address Value x Block
Number & |Number & |Number & |Number
s s s
0000H to 03FFH | 00OH 8000H to 83FFH |0 |20H 8000H to 83FFH |2 |40H 8000H to 83FFH |4 |60H
0400H to O7FFH | 01H 8400H to 87FFH 21H 8400H to 87FFH 41H 8400H to 87FFH 61H
0800H to OBFFH | 02H 8800H to 8BFFH 22H 8800H to 8BFFH 42H 8800H to 8BFFH 62H
0COOH to OFFFH | 03H 8COOH to 8FFFH 23H 8CO0H to 8FFFH 43H 8CO0H to 8FFFH 63H
1000H to 13FFH | 04H 9000H to 93FFH 24H 9000H to 93FFH 44H 9000H to 93FFH 64H
1400H to 17FFH | 05H 9400H to 97FFH 25H 9400H to 97FFH 45H 9400H to 97FFH 65H
1800H to 1BFFH | 06H 9800H to 9BFFH 26H 9800H to 9BFFH 46H 9800H to 9BFFH 66H
1COOH to 1FFFH | O7H 9COO0H to 9FFFH 27H 9COOH to 9FFFH 47H 9CO0H to 9FFFH 67H
2000H to 23FFH | 08H AOO0OH to ASFFH 28H AOO0OH to ASFFH 48H AOOOH to ASFFH 68H
2400H to 27FFH | 09H A400H to A7FFH 29H A400H to A7FFH 49H A400H to A7FFH 69H
2800H to 2BFFH | OAH A800H to ABFFH 2AH A800H to ABFFH 4AH A800H to ABFFH 6AH
2CO0H to 2FFFH | 0BH ACOOH to AFFFH 2BH ACOOH to AFFFH 4BH ACOOH to AFFFH 6BH
3000H to 33FFH | OCH BOOOH to B3FFH 2CH BOOOH to B3FFH 4CH BOOOH to B3FFH 6CH
3400H to 37FFH | ODH B400H to B7FFH 2DH B400H to B7FFH 4DH B400H to B7FFH 6DH
3800H to 3BFFH | OEH B800OH to BBFFH 2EH B800OH to BBFFH 4EH B800H to BBFFH 6EH
3CO00H to 3FFFH | OFH BCOOH to BFFFH 2FH BCOOH to BFFFH 4FH BCOOH to BFFFH 6FH
4000H to 43FFH | 10H 8000H to 83FFH 30H 8000H to 83FFH 50H 8000H to 83FFH |5 |70H
4400H to 47FFH | 11H 8400H to 87FFH 31H 8400H to 87FFH 51H 8400H to 87FFH 71H
4800H to 4BFFH | 12H 8800H to 8BFFH 32H 8800H to 8BFFH 52H 8800H to 8BFFH 72H
4COO0H to 4FFFH | 13H 8CO0H to 8FFFH 33H 8CO0H to 8FFFH 53H 8CO0H to 8FFFH 73H
5000H to 53FFH | 14H 9000H to 93FFH 34H 9000H to 93FFH 54H 9000H to 93FFH 74H
5400H to 57FFH | 15H 9400H to 97FFH 35H 9400H to 97FFH 55H 9400H to 97FFH 75H
5800H to 5BFFH | 16H 9800H to 9BFFH 36H 9800H to 9BFFH 56H 9800H to 9BFFH 76H
5CO0H to 5FFFH | 17H 9CO0H to 9FFFH 37H 9COO0H to 9FFFH 57H 9CO0H to 9FFFH 77H
6000H to 63FFH | 18H AOOOH to A3FFH 38H AOOOH to A3BFFH 58H AOOOH to A3BFFH 78H
6400H to 67FFH | 19H A400H to A7FFH 39H A400H to A7FFH 59H A400H to A7FFH 79H
6800H to 6BFFH | 1AH A800H to ABFFH 3AH A800H to ABFFH 5AH A800H to ABFFH 7AH
6CO0H to 6FFFH | 1BH ACOOH to AFFFH 3BH ACOOH to AFFFH 5BH ACOOH to AFFFH 7BH
7000H to 73FFH | 1CH BOOOH to B3FFH 3CH BOOOH to B3FFH 5CH BOOOH to B3FFH 7CH
7400H to 77FFH | 1DH B400H to B7FFH 3DH B400H to B7FFH 5DH B400H to B7FFH 7DH
7800H to 7BFFH | 1EH B800H to BBFFH 3EH B800H to BBFFH 5EH B800H to BBFFH 7EH
7CO0H to 7FFFH | 1FH BCOOH to BFFFH 3FH BCOOH to BFFFH 5FH BCOOH to BFFFH 7FH
Remark 4PD78F0889: Block numbers 00H to 5FH
1PD78F0890: Block numbers 00H to 7FH
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3.1.1 Internal program memory space

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

78K0/FE2 products incorporate internal ROM (flash memory), as shown below.

Table 3-3. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity

1PD78F0887 Flash memory | 49152 x 8 bits (0000H to BFFFH)
4PD78F0888 61440 x 8 bits (0000H to EFFFH)
1PD78F0889 98304 x 8 bits

(0000H to 7FFFH (common area: 32 KB) + 8000H to BFFFH (bank area: 16 KB) x 4)
4PD78F0890 131072 x 8 bits

(0000H to 7FFFH (common area: 32 KB) + 8000H to BFFFH (bank area: 16 KB) x 6)

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

(1) Vector code area
The 64-byte area 0000H to 003FH is reserved as a Vector code area. The program start addresses for branch
upon reset signal input or generation of each interrupt request are stored in the Vector code area.
Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd

addresses.
Table 3-4. Vector Code
Vector Code Address Interrupt Source Vector Code Address Interrupt Source
0000H RESET input, POC, LVI, 0020H INTCSI10/INTSRE61
wDT 0022H INTP6/INTSR61
0004H INTLVI 0024H INTP7/INTST61
0006H INTPO 0026H INTTMH1
0008H INTP1 0028H INTTMHO
000AH INTP2/INTTM002 002AH INTTM50
000CH INTP3/INTTMO12 002CH INTTMO0O00
000EH INTP4/INTTMO003 002EH INTTMO10
0010H INTP5/INTTMO013 0030H INTAD
0012H INTCOERR 0032H INTWTI/INTDMU
0014H INTCOWUP 0034H INTTM51
0016H INTCOREC 0036H INTWT
0018H INTCOTRX 0038H INTCSI11
001AH INTSRE60 003AH INTTMOO1
001CH INTSR60 003CH INTTMO11
001EH INTST60 003EH BRK
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)

)

(4)

(5)

3.1

CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

Option byte area
The option byte area is assigned to the 1-byte area of 0080H. Refer to CHAPTER 23 OPTION BYTE for details.

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

On-chip debug security ID setting area

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

.2 Bank area (uPD78F0889 and 78F0890 only)
The 4PD78F0889 has bank areas 0 to 3 and the xPD78F0890 has bank areas 0 to 5 as illustrated below.
The banks are selected by a bank select register (BANK) (see 4.3 Memory Bank Select Register (BANK)).

Cautions1. Instructions cannot be fetched between different memory banks.
2. Branch and access cannot be directly executed between different memory banks. Execute
branch or access between different memory banks via the common area.
3. Allocate interrupt servicing in the common area.
4. An instruction that extends from 7FFFH to 8000H can only be executed in memory bank 0.

Figure 3-5. Internal ROM (Flash Memory) Configuration

(a) 4PD78F0889
BFFFH
Bank area 0 Bank area 1 Bank area 2 Bank area 3
16384 x 8 bits 16384 x 8 bits 16384 x 8 bits 16384 x 8 bits
8000H
7FFFH
Common area
32768 x 8 bits
0O00O0OH
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(b) uPD78F0890
BFFFH
Bank Bank Bank Bank Bank Bank
area 0 area 1 area 2 area 3 area 4 area 5
16384 x 16384 x 16384 x 16384 x 16384 x 16384 x
8 bits 8 bits 8 bits 8 bits 8 bits 8 bits
8000H
7FFFH
Common area
32768 x 8 bits
0O00O0OH

The following table shows the relations among bank numbers, CPU addresses, and real addresses of the flash
memory.

Table 3-5. Bank Numbers, CPU Addresses, and Real Addresses of Flash Memory

(a) 4PD78F0889
Bank No. CPU Address Real Address of Flash Memory
- 0000H to 7FFFH (common area) 00000H to 07FFFH
0 8000H to BFFFH 08000H to OBFFFH
1 0CO000H to OFFFFH
2 10000H to 13FFFH
3 14000H to 17FFFH
4 or more Setting prohibited
(b) uPD78F0890
Bank No. CPU Address Real Address of Flash Memory
- 0000H to 7FFFH (common area) 00000H to 07FFFH
0 8000H to BFFFH 08000H to OBFFFH
1 0CO000H to OFFFFH

10000H to 13FFFH

2

3 14000H to 17FFFH
4 18000H to 1BFFFH
5 1CO00H to 1FFFFH

6 or more Setting prohibited
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3.1.3 Internal data memory space
78K0/FE2 products incorporate the following RAM.

(1) Internal high-speed RAM

Table 3-6. Internal High-Speed RAM Capacity

Part Number Internal High-Speed RAM
1PD78F0887 1024 x 8 bits (FBOOH to FEFFH)
1PD78F0888
1PD78F0889
uPD78F0890

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

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

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

(2) Internal expansion RAM

Table 3-7. Internal Expansion RAM Capacity

Part Number Internal Expansion RAM
1PD78F0887 2048 x 8 bits (FOOOH to F7FFH)
1PD78F0888
uPD78F0889 4096 x 8 bits (E800H to F7FFH)
1PD78F0890 6144 x 8 bits (EO00H to F7FFH)

The internal expansion RAM can also be used as a normal data area similar to the internal high-speed RAM, as
well as a program area in which instructions can be written and executed.
The internal expansion RAM cannot be used as a stack memory.

3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (refer to
Table 3-8 Special Function Register List in 3.2.3 Special Function Registers (SFRs)).

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

3.1.5 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
78K0/FE2, based on operability and other considerations. For areas containing data memory in particular, special
addressing methods designed for the functions of special function registers (SFR) and general-purpose registers are
available for use. Figure 3-6 to 3-9 show correspondence between data memory and addressing. For details of each
addressing mode, refer to 3.4 Operand Address Addressing.
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Figure 3-6. Correspondence Between Data Memory and Addressing (xPD78F0887)

FFFFH 1
Special function registers (SFR) SFR addressing
256 x 8 bits
N -2 S
FF1FH
FFOOH
FEFFH| | o A
eneral-purpose registers . .
32 x 8 bits Register addressing Short direct
FEEOH ¢ addressing
FEDFH
A Internal high-speed RAM AL
T 1024 x 8 bits T
__________________________________ FE20H
Note 1 FE1FH
__________________________________ FE10H
FEOFH
FBOOH
FAFFH AFCAN area
FAOOH (256 x 8 bits)
F9FFH
- Reserved L Direct addressing
E800H Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
A Internal expansion RAM A
T 2048 x 8 bits T
FOOOH
EFFFH
Reserved
COO00H
BFFFH
A Flash memory L
T 49152 x 8 bits T
O190H | ..
018FH Note 2
0083H| ..
0082H
0000H ¥

Notes1. During on-chip debugging, use of this area is disabled since it is used as the user data backup area for
communication.
2. During on-chip debugging, use of this area is disabled since it is used as the communication command
area (269 bytes).
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FFFFH

FFOOH
FEFFH

FEEOH
FEDFH

FBOOH
FAFFH

FAOOH
FOFFH

F800H
F7FFH

FOOOH
EFFFH

0190H
018FH

0083H
0082H

0000H

Notes1.

Figure 3-7. Correspondence Between Data Memory and Addressing (xPD78F0888)

Special function registers (SFR) SFR addressing

256 x 8 bits
Ll |FR2OH
FF1FH
General-purpose registers . * .
32 x 8 bits Register addressing Short direct
addressing
Internal high-speed RAM AL
B 1024 x 8 bits T
__________________________________ FE20H
FE1FH
el ] FE10H
FEOFH
AFCAN area

(256 x 8 bits)

= Reserved =~

Internal expansion RAM |
B 2048 x 8 bits

Flash memory
- 61440 x 8 bits T

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

During on-chip debugging, use of this area is disabled since it is used as the
communication.

user data backup area for

During on-chip debugging, use of this area is disabled since it is used as the communication command

area (269 bytes).
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Figure 3-8. Correspondence Between Data Memory and Addressing (xPD78F0889)

FFFFH 1
Special function registers (SFR) SFR addressing
256 x 8 bits
__________________________________ FF20H | .
FF1FH
FFOOH
FEFFH| o 4
enera égurpg f:)et registers Register addressing
x 8 bits Short direct
FEEOH addressin
FEDFH 9
L Internal high-speed RAM L
B 1024 x 8 bits B
__________________________________ FE20H
FE1FH
e FE1OH
FBOOH FEOFH
FAFFH AFCAN area
FAOOH (256 x 8 bits)
FOFFH Direct addressing
T Reserved T Register indirect addressing
F800H Based addressing
F7FFH
16384 x 8 bi i i
1 Internal expansion RAM il (banxk 2) its Based indexed addressing
T 4096 x 8 bits T
E800H
E7FFH
- Reserved
CO000H
BFFFH
s Flash memory
T 16384 x 8 bits
(bank 0)
8000H
7FFFH
L Flash memory )
- 32768 x 8 bits by
(common) )
0190H 16384 x 8 bits
018FH| """ """ T TTTtrTTTTTTTmooTmmeg (bank 1)
Note 2
oo83H( ]
0082H
0000H ¥

Notes1. During on-chip debugging, use of this area is disabled since it is used as the user data backup area for
communication.
2. During on-chip debugging, use of this area is disabled since it is used as the communication command
area (269 bytes).
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Figure 3-9. Correspondence Between Data Memory and Addressing (xPD78F0890)

FFFFH 1
Special function registers (SFR) SFR addressing
256 x 8 bits
__________________________________ FF20H | .
FF1FH
FFOOH
FEFFH| o o 4
eneral-purpose registers Register addressing
32 x 8 bits Short direct
FEEOH addressin
FEDFH 9
L Internal high-speed RAM L
B 1024 x 8 bits B
__________________________________ FE20H
FE1FH
Note 1
________________ e . |FEt0H
FBOOH FEOFH
FAFFH AFCAN area
FAOOH (256 x 8 bits)
FOFFH Direct addressing
T Reserved T Register indirect addressing
F800H 16384 x 8 bits .
F7FEH (bank 4) Based addressing
16384 x 8 bi i i
1 Internal expansion RAM il (banxk 2) its Based indexed addressing
T 6144 x 8 bits T
EOOOH
DFFFH
- Reserved
C000H
BFFFH
L Flash memory
T 16384 x 8 bits
(bank 0) 17
8000H A
7FFFH 16384 x 8 bits
Flash (bank 5)
L ash memory ]
T 32768 x 8 bits T
(common) .
0190H 16384 x 8 bits
018FH| """~~~ Tttt (bank 1)
Note 2
o083H| ]
0082H
0000H ¥

Notes1. During on-chip debugging, use of this area is disabled since it is used as the user data backup area for
communication.
2. During on-chip debugging, use of this area is disabled since it is used as the communication command
area (269 bytes).
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3.2 Processor Registers
78K0/FE2 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 16-bit register that holds the address information of the next program to be executed.
In normal operation, the 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 code values at addresses 0000H and 0001H to the program
counter.

Figure 3-10. Format of Program Counter

15 0
PC |PC15‘PC14‘PC13‘PC12‘PC11 ‘PC10‘ PC9 ‘ PC8 ‘ PC7 ‘ PC6 ‘ PC5 ‘ PC4 ‘ PC3 ‘ PC2 ‘ PC1 ‘ PCO |

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.
Program status word contents are automatically stacked upon interrupt request generation or PUSH PSW
instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
Reset signal generation sets the PSW to 02H.

Figure 3-11. Format of Program Status Word

7 0

PSW | IE | z |RBS1| AC |RBSO| 0 |ISP | CY|

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

(d)

(e)

®

Register bank select flags (RBS0 and RBS1)

These are 2-bit flags to select one of the four register banks.

In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction
execution is stored.

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.

In-service priority flag (ISP)

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

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

(3) Stack pointer (SP)

This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-speed RAM

area can be set as the stack area.

Figure 3-12 Format of Stack Pointer

15 0
SP |SP15‘SP14‘SP13‘SP12‘SP11 ‘SP10‘ SP9 ‘ SP8 ‘ SP7 ‘ SP6 ‘ SP5 ‘ SP4 ‘ SP3 ‘ SP2 ‘ SP1 ‘ SPO |

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restored) from

the stack memory.

Each stack operation saves/restores data as shown in Figures 3-13 and 3-14.

Caution Since reset signal generation makes the SP contents undefined, be sure to initialize the SP

before using the stack.

User's Manual U17554EJ4VOUD 57



CHAPTER 3 CPU ARCHITECTURE

58

SP

SP

Figure 3-13. Data to Be Saved to Stack Memory

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

FEEOH

— FEEOH

FEDFH

FEDEH

l«—— FEDEH

Register pair higher

Register pair lower

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

SP

SP

SP

SP

— FEEOH

FEDFH

l«—— FEDEH

FEEOH — FEEOH
i FEDFH
3 FEDEH
Y

FEDDH l«—— FEDDH

PC15 to PC8

PC7 to PCO

PSW

PC15 to PC8

PC7 to PCO
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SP

SP

SP

SP

SP

SP

Figure 3-14. Data to Be Restored from Stack Memory

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

<~—— FEEOH

FEDFH

——» FEDEH

Register pair higher

Register pair lower

(b) RET instruction (when SP = FEDEH)

<—— FEEOH

FEDFH

—— FEDEH

PC15to PC8

PC7 to PCO

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

FEEOH l~—— FEEOH
A
! FEDFH
3 FEDEH
FEDDH — FEDDH

PSW

PC15 to PC8

PC7 to PCO
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3.2.2 General-purpose registers

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

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

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

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

Figure 3-15. Configuration of General-Purpose Registers

(a) Absolute name

16-bit processing 8-bit processing
FEFFH
R7
BANKO RP3
R6
FEF8H
R5
BANK1 RP2
R4
FEFOH
R3
BANK2 RP1
R2
FEE8H
R1
BANKS3 RPO
RO
FEEOH
15 0 7 0
(b) Function name
16-bit processing 8-bit processing
FEFFH
H
BANKO HL
L
FEF8H
D
BANK1 DE
E
FEFOH
B
BANK2 BC
FEE8SH c
A
BANK3 AX
X
FEEOH
15 0 7 0
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3.2.3 Special Function Registers (SFRs)
Unlike a general-purpose register, each special function register has a special function.
SFRs are allocated to the FFOOH to FFFFH area.
Special function registers can be manipulated like general-purpose registers, using operation, transfer and bit
manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register type.
Each manipulation bit unit can be specified as follows.

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

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

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

Table 3-8 gives a list of the special function registers. The meanings of items in the table are as follows.

e Symbol
Symbol indicating the address of a special function register. It is a reserved word in the RA78K0, and is defined
by the header file “sfrbit.h” in the CC78K0. When using the RA78K0, ID78K0-NS, ID78K0, or SM78K0, symbols
can be written as an instruction operand.
o R/W
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write enable
R: Read only
W:  Write only
e Manipulatable bit units
Indicates the manipulatable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon reset signal generation.
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Table 3-8. Special Function Register List (1/6)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FFOOH | Port register 0 PO R/W J v - 00H
FFO1H | Port register 1 P1 R/W d y - O00H
FFO2H 8-bit timer H compare register 00 CMPO0O R/W - v - 00H
FFO3H Port register 3 P3 R/W N N - O0H
FFO4H | Port register 4 P4 R/W J y - O0H
FFO5H Port register 5 P5 R/W \/ v - 00H
FFO6H | Port register 6 P6 R/W \/ y - O0H
FFO7H | Port register 7 P7 R/W J 3 - 0OH
FFO8H Port register 8 P8 R/W N N - O0H
FFO9H | Port register 9 P9 R/W J v - 00H
FFOAH Receive buffer register 60 RXB60 R - v - FFH
FFOBH Transmit buffer register 60 TXB60 R/W - N - FFH
FFOCH | Port register 12 P12 R/W J V - 00H
FFODH | Port register 13 P13 R/W d y - 00H
FFOEH 8-bit timer H compare register 10 CMP10 R/W - v - 00H
FFOFH Serial I/O shift register 10 SI010 - y - 00H
FF10H | 16-bit timer counter 00 TMO00 - - v 0000H
FF11H
FF12H 16-bit timer capture/compare register 000 CRO000 R/W - - v 0000H
FF13H
FF14H 16-bit timer capture/compare register 010 CRO010 R/W - - v 0000H
FF15H
FF16H 8-bit timer counter 50 TM50 R - - O0H
FF17H | 8-bit timer compare register 50 CR50 R/W \ N - O0H
FF18H 10-bit A/D conversion result register ADCR - - v 0000H
FF19H 8-bit A/D conversion result register | ADCRH - N - 00H
FF1AH 8-bit timer H compare register 01 CMPO1 R/W - v - 00H
FF1BH 8-bit timer H compare register 11 CMP11 R/W - y - 00H
FF1FH | 8-bit timer counter 51 TM51 R - N - 00H
FF20H Port mode register 0 PMO R/W \/ v - FFH
FF21H Port mode register 1 PM1 R/W \ v - FFH
FF22H | A/D port configuration register ADPC R/W J V - 0OH
FF23H | Port mode register 3 PM3 R/W d y - FFH
FF24H Port mode register 4 PM4 R/W J V - FFH
FF25H Port mode register 5 PM5 R/W \/ v - FFH
FF26H Port mode register 6 PM6 R/W «/ v - FFH
FF27H Port mode register 7 PM7 R/W \/ v - FFH
FF28H | Port mode register 8 PM8 R/W d y - FFH
FF29H Port mode register 9 PM9 RW J V - FFH
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Table 3-8. Special Function Register List (2/6)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Hoset
FF2AH | A/D converter mode register ADM R/W y J - O0H
FF2BH Analog input channel specification register ADS R/W v \ - O00H
FF2CH | Port mode register 12 PM12 R/W v S - FFH
FF2DH | Port mode register 13 PM13 R/W v \ - FEH
FF2EH Asynchronous serial interface operation mode ASIM61 R/W v \ - 01H
register 61
FF2FH Asynchronous serial interface reception error ASIS61 R - \ - 00H
status register 61
FF30H Pull-up resistor option register 0 PUO R/W v \ - 00H
FF31H Pull-up resistor option register 1 PU1 R/W v < - 00H
FF33H Pull-up resistor option register 3 PU3 R/W v N - 00H
FF34H Pull-up resistor option register 4 PU4 R/W v \ - 00H
FF35H Pull-up resistor option register 5 PU5 R/W v \ - O0H
FF37H Pull-up resistor option register 7 PU7 R/W v S - 00H
FF38H Asynchronous serial interface transmission ASIF61 R - \ - O00H
status register 61
FF39H Clock selection register 61 CKSR61 R/W - N - 00H
FF3AH Receive buffer register 61 RXB61 R/W - S - FFH
FF3BH Transmit buffer register 61 TXB61 R/W - \ - FFH
FF3CH | Pull-up resistor option register 12 PU12 R/W v \ - 00H
FF3DH | Pull-up resistor option register 13 PU13 R/W v \ - O0H
FF3EH Baud rate generator control register 61 BRGC61 R/W - N - FFH
FF3FH Asynchronous serial interface control register 61 | ASICL61 R/W v < - 16H
FF40H | Clock output selection register CKS R/W y J - OOH
FF41H | 8-bit timer compare register 51 CR51 R/W y J - 00H
FF42H Multiplier/divider control register O DMUCO R/W v < - O0H
FF43H 8-bit timer mode control register 51 TMC51 R/W v S - 00H
FF44H Remainder data register 0 SDRO |SDROL| R/W - S N 0000H
FF45H SDROH
FF47H Serial I/O shift register 11 SI011 R - < - 00H
FF48H External interrupt rising edge enable register EGP R/W v \ - 00H
FF49H External interrupt falling edge enable register EGN R/W v S - O0H
FF4AH Multiplication/Division Data Register AOL MDAOL R/W - \ \/ 0000H
FF4BH
FF4CH Multiplication/Division Data Register AOH MDAOH R/W - < \ 0000H
FF4DH
FF4EH Transmit buffer register 11 SOTB11 R/W - - 00H
FF4FH Input switch control register ISC R/W - O00H
FF50H Asynchronous serial interface operation mode ASIM60 R/W - 01H
register 60
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Table 3-8. Special Function Register List (3/6)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bis | heset
FF51H Prescaler mode register 03 PRMO03 R/W \ v - 00H
FF52H Capture/compare control register 03 CRCO03 R/W N v - 00H
FF53H Asynchronous serial interface reception error ASIS60 R - v - O00H
status register 60
FF54H 16-bit timer mode control register 02 TMCO02 R/W N - 00H
FF55H Asynchronous serial interface transmission ASIF60 R - v - 00H
status register 60
FF56H Clock selection register 60 CKSR60 R/W - v - O00H
FF57H Baud rate generator control register 60 BRGC60 R/W - v - FFH
FF58H Asynchronous serial interface control register 60 | ASICL60 R/W S v - 16H
FF59H | Prescaler mode register 02 PRM02 R/W J v - 00H
FF5AH 16-bit timer counter 02 TMO02 R - - \ 0000H
FF5BH
FF5CH | Capture/compare control register 02 CRCO02 R/W \/ v - 00H
FF60H Module Receive History List Get Pointer CORGPT R/W - - \ xx02H
FF61H Register
FF62H Module Transmission History List Get Pointer COTGPT R/W - - \ xx02H
FE63H Register
FF64H CAN Gilobal Macro Clock Selection COGMCTRL | R'W - - J 0000H
FF65H
FF66H CAN Global Macro Automatic Block COGMABT R/W - - \ 0000H
FE67H Transmission Delay Register
FF68H Module Last Out Pointer Register COLOPT R - v - Undefined
FF69H 8-bit timer H mode register 0 TMHMDO R/W S v - O0H
FF6AH | Timer clock selection register 50 TCL50 R/W \ v - 00H
FF6BH | 8-bit timer mode control register 50 TMC50 R/W S v - O0H
FF6CH 16 bit capture/compare register 002 CR002 R/W - - \ 0000H
FF6DH
FF6EH CAN Global Macro Clock Selection Register COoGMCS R/W - - OFH
FF6FH CAN Gilobal Macro Automatic Block COGMABTD | R/W - \ - 00H
Transmission Register
FF70H CAN Module Mask 1 Register L COMASK1L | RW - - J Undefined
FF71H
FF72H CAN Module Mask 1 Register H COMASK1H | R'W - - J Undefined
FF73H
FF74H CAN Module Mask 2 Register L COMASK2L | R'W - - \ Undefined
FF75H
FF76H CAN Module Mask 2 Register H COMASK2H | R'W - - \ Undefined
FF77H
FF78H CAN Module Mask 3 Register L COMASK3L | R'W - - \ Undefined
FF79H
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Table 3-8. Special Function Register List (4/6)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit | 8Bits | 16Bits | heset

FF7AH CAN Module Mask 3 Register H COMASK3H | R/W - - \/ Undefined
FF7BH
FF7CH CAN Module Mask 4 Register L COMASK4L | RW - - S Undefined
FF7DH
FF7EH CAN Module Mask 4 Register H COMASK4H | R/W - - J Undefined
FF7FH
FF80H Serial operation mode register 10 CSIM10 R/W N - 00H
FF81H Serial clock selection register 10 CsIc10 R/W \ N - OO0H
FF84H Transmit buffer register 10 SOTB10 R/W - N - 00H
FF88H Serial operation mode register 11 CSIM11 RW S v - 00H
FF89H Serial clock selection register 11 CSIC11 R/W \/ v - 00H
FF8AH CAN module time stamp register COTS R/W - - \/ 0000H
FF8BH
FF8CH Timer clock selection register 51 TCL51 R/W J v - 00H
FF8FH Watch timer operation mode register WTM RW \/ v - 00H
FF9OH CAN Module Control Register COCTRL R/W - - \ 0000H
FF91H
FF92H CAN Module Last Error Code Register COLEC R/W - v - 00H
FFO3H CAN Module Information Register COINFO R - v - 00H
FF94H CAN Module Error Counters COERC R - - \/ 0000H
FF95H
FF96H CAN Module Interrupt Enable Register COIE R/W - - \ 0000H
FF97H
FF98H CAN Module Interrupt Pending Register COINTS R/W - - \/ 0000H
FF99H
FF9BH Watchdog timer enable register WDTE R/W - N - 1AH/QAH"™™
FFOCH CAN Module Bit Rate Register COBTR R/W - - \/ 370FH
FFODH
FFOEH CAN Module bit rate Prescaler register COBRP R/W - N - FFH
FFOFH CAN Module Last In Pointer Register COLIPT R - v - Undefined
FFAOH Internal oscillator mode register RCM R/W \/ N - O0H "
FFA1H Main clock mode register MCM RW S v - 00H
FFA2H Main OSC control register MOC R/W N N - 80H
FFA3H Oscillation stabilization time counter status register | OSTC R \/ v - 00H
FFA4H Oscillation stabilization time select register OSTS R/W \/ v - 05H
FFA5H 16-bit timer output control register 02 TOC02 R/W \/ N - 00H
FFA6H 16-bit timer counter 03 TMO03 R - - \/ 0000H
FFA7H

Notes 1. The reset value of WDTE is determined by setting of option byte.
2. The value of this register is 00H immediately after a reset release but automatically changes to 80H after
internal high-speed oscillator has been stabilized.
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Tables 3-8. Special Function Register List (5/6)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit | 8Bits | 16 Bits Reset
FFA8H | 16-bit timer capture/compare register 003 CR003 R/W - - \ 0000H
FFA9H
FFAAH | 16-bit timer capture/compare register 013 CRO013 R/W - - \/ 0000H
FFABH
FFACH | Reset control flag register RESF R - - 00H"""
FFADH | 16-bit timer mode control register 03 TMCO3 R/W v - 00H
FFAEH | Multiplier/divider data register BO MDBO|MDBOL| R/W - J 0000H
FFAFH MDBOH
FFBOH 16-bit timer counter 01 TMO1 R - - \/ 0000H
FFB1H
FFB2H | 16-bit timer capture/compare register 001 CRO001 R/W - - \/ 0000H
FFB3H
FFB4H | 16-bit timer capture/compare register 011 CRoO11 R/W - - \/ 0000H
FFB5H
FFB6H | 16-bit timer mode control register 01 TMCO1 R/W v \ - 00H
FFB7H | Prescaler mode register 01 PRMO1 R/W V J - 00H
FFB8H | Capture/compare control register 01 CRCO1 R/W v \ - O0H
FFBOH | 16-bit timer output control register 01 TOCO1 R/W v \ - 00H
FFBAH | 16-bit timer mode control register 00 TMCO00 R/W v \ - 00H
FFBBH | Prescaler mode register 00 PRMO00 R/W v S - OO0H
FFBCH | Capture/compare control register 00 CRCO00 R/W v \ - O0H
FFBDH | 16-bit timer output control register 00 TOC00 R/W v \ - 00H
FFBEH | Low-voltage detection register LVIM R/W v \ - 00H
FFBFH | Low-voltage detection level selection register LVIS R/W v \ - 00H
FFC2H | Flash status register PFS R/W v \ - 00H
FFC4H | Flash programming mode control register FLPMC R/W v \ - 08H/OCH""*?
FFEOH | Interrupt request flag register OL IFO | IFOL R/W v \ \/ 00H
FFE1H | Interrupt request flag register OH IFOH | RW v \ 00H
FFE2H | Interrupt request flag register 1L IF1 | IFIL R/W v \ \/ 00H
FFE3H | Interrupt request flag register 1H IFIH | RW v \ 00H
FFE4H | Interrupt mask flag register OL MKO | MKOL | R/W y J J FFH
FFE5H | Interrupt mask flag register OH MKOH | R/W v \ FFH
FFE6H | Interrupt mask flag register 1L MK1 | MK1L | R/W v \ d FFH
FFE7H | Interrupt mask flag register 1H MK1H| R/W v \ DFH
FFESH | Priority specification flag register OL PRO | PROL | RW v \ \/ FFH
FFE9H | Priority specification flag register OH PROH | R/W v \ FFH
Notes 1. This value varies depending on the reset source.

2. Varies depending on the operation mode.
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e User mode: 08H
e On-board mode: OCH
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Tables 3-8. Special Function Register List (6/6)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit | 8Bits | 16Bits |  Feset
FFEAH | Priority specification flag register 1L PR1 |PRIL | R/W v S \ FFH
FFEBH | Priority specification flag register 1H PR1H| R/W v S FFH
FFECH 16-bit timer capture/compare register 012 CRo012 R/W - - \ 0000H
FFEDH
FFEEH 8-bit timer H carrier control register 1 TMCYCH1 R/W J - 00H
FFEFH Clock operation mode select register OSCCTL R/W \ - 00H
FFFOH Internal memory size switching register*™® IMS R/W - S - CFH
FFF4H Internal expansion RAM size switching register*® | IXS R/W - J - OCH
FFF9H | 16-bit timer output control register 03 TOCO03 RW v \/ - 00H
FFFAH | 8-bit timer H mode register 1 TMHMD1 R/W v \ - O0H
FFFBH | Processor clock control register PCC R/W v \ - 01H

Note Regardless of the internal memory capacity, the initial values of the internal memory size switching register
(IMS) and internal expansion RAM size switching register (IXS) of the 78KO0/FE2 is fixed (IMS = CFH, IXS =
O0CH). Therefore, set the value corresponding to each as indicated below.

Flash Memory Version IMS IXS
1PD78F0887 CCH 08H
uPD78F0888 CFH 08H
1PD78F0889 CCH 04H
uPD78F0890 CCH 00H
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3.3 Instruction Address Addressing

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

3.3.1 Relative addressing

[Function]
The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the
start address of the following instruction is transferred to the program counter (PC) and branched. The
displacement value is treated as signed two’s complement data (-128 to +127) and bit 7 becomes a sign bit.
In other words, relative addressing consists of relative branching from the start address of the following
instruction to the —128 to +127 range.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[Mustration]

15 0
PC indicates the start address

PC of the instruction after the BR instruction.

+
15 8 7 6 0

o S
jdisp8

15 0

PC

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

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !laddr16 or BR !addr16 or CALLF !addr11 instruction is executed.
CALL !addr16 and BR !addr16 instructions can be branched to the entire memory space. The CALLF !addr11
instruction is branched to the 0800H to OFFFH area.

[Mustration]
In the case of CALL !addr16 and BR !addr16 instructions

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

PC

In the case of CALLF !addr11 instruction

7 6 4 3 0
4{ fato-s CALLF
faz-o
15 11 10 87 0

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

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the
immediate data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.
This instruction references the address stored in the memory table from 40H to 7FH, and allows branching to
the entire memory space.

[llustration]

7 6 5 10
Operation code 1 1 tas-o 1
15 8 7 6 5 l 10
Effectiveaddress |0 0 0 0 0 O O O |0 1 0
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T
15 l 8 7 0
PC

3.3.4 Register addressing

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

[lllustration]

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the 78K0/FE2 instruction words, the following instructions employ implied addressing.

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

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

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

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

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

[Function]
The general-purpose register to be specified is accessed as an operand with the register bank select flags
(RBSO0 to RBS1) and the register specify codes (Rn and RPn) of an operation code.
Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

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

‘r and ‘rp’ can be described by absolute names (R0 to R7 and RPO to RP3) as well as function names (X, A, C,
B, E, D, L, H, AX, BC, DE, and HL).

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

Operation code o1 1 00 0 1 0|

L] |

Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 100 0 0 10 O|

LIJ—Register specify code
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3.4.3 Direct addressing

[Function]

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

operand address.

[Operand format]

Identifier

Description

addr16 Label or 16-bit immediate data

[Description example]
MOV A, I0FEOOH; when setting !laddr16 to FEOOH

[Mustration]

OP code

00H

FEH

Operation code |1 00 1 1 1 0|
|0 00 0 0O 0|
|1 1 1 1 1 1 0|
7
OP code
addr16 (lower)
addr16 (upper)
Memory
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3.4.4 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal RAM and special function registers
(SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area.
Ports that are frequently accessed in a program and compare and capture registers of the timer/event counter
are mapped in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. Refer to the [lllustration] shown below.

[Operand format]

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

[Description example]

MOV OFE30H, A; when transferring value of A register to saddr (FE30H)

Operation code |1 111 0 0 1 0| OP code
|O 011 0 00O O| 30H (saddr-offset)
[ustration]

7 0

OP code

saddr-offset ﬁ

Short direct memory

15 8 7 0

Effectiveaddress |1 1 1 1 1 1 1 |« .

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

[Function]

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

[Operand format]

Identifier

Description

sfr

Special function register name

sfrp

16-bit manipulatable special function register name (even address
only)

[Description example]

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

Operation code |1 111011 0| OP code
|0 01 0 0 0O 0| 20H (sfr-offset)
[Mustration]
7 0
OP code
sfr-offset
15 8 7 0

SFR

Effective address 1 1 1
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3.4.6 Register indirect addressing

[Function]
Register pair contents specified by a register pair specify code in an instruction word and by a register bank
select flag (RBSO and RBS1) serve as an operand address for addressing the memory. This addressing can be
carried out for all the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

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

Operation code 1000O0 10 1
[Mustration]
16 8 7 0
DE D E
The memory address
specified with the
7 Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

[Function]
8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in
the register bank specified by the register bank select flag (RBS0 and RBS1), and the sum is used to address
the memory. Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from
the 16th bit is ignored. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- [HL + byte]

[Description example]

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

Operation code |1 o101 11 O|

[lustration]

HL H L

+10
7 Memory 0

The contents of the memory
addressed are transferred.
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3.4.8 Based indexed addressing

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

[Operand format]

Identifier Description

- [HL + B], [HL + C]

[Description example]

In the case of MOV A, [HL + B]; (selecting B register)

Operation code 10101 0 1 1
[lustration]
16 8 7 0
HL H L
+
7 0
B
7 Memory 0
The contents of the memory
addressed are transferred.
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3.4.9 Stack addressing

[Function]

The stack area is indirectly addressed with the stack pointer (SP) contents.
This addressing method is automatically employed when the PUSH, POP, subroutine call and return

instructions are executed or the register is saved / reset upon generation of an interrupt request.
With stack addressing, only the internal high-speed RAM area can be accessed.

[Description example]

In the case of PUSH DE; (saving DE register)

[Mustration]

SP

SP
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7 Memory 0
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y
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CHAPTER 4 MEMORY BANK SELECT FUNCTION
(uPD78F0889, 78F0890 ONLY)

4.1 Memory Bank

The ©PD78F0889, 78F0890 implement a ROM capacity of 96 KB or 128 KB by selecting a memory bank from a
memory space of 8000H to BFFFH.

The xPD78F0889 has memory banks 0 to 3, and the xPD78F0890 have memory banks 0 to 5, as shown below.
The memory banks are selected by using a memory bank select register (BANK).

Figure 4-1. Internal ROM (Flash Memory) Configuration

(a) 4.PD78F0889
,’/l (Memory bank 3)
] (Memory bank 2)
/II (Memory bank 1)
T BFFFH
Flash memory
Bank 16384 x 8 bits
area (memory bank 0)
Y 8000H
T 7FFFH
grc;r:mon Flash memory
32768 x 8 bits
J 0000H
(b) xPD78F0890

M (Memory bank 5)
| (Memory bank 4)
e | (Memory bank 3)
| (Memory bank 2)

/II (Memory bank 1)

? BFFFH
Flash memory
Bank 16384 x 8 bits
area (memory bank 0)

Y 8000H

T 7FFFH
Z%r:mon Flash memory
32768 x 8 bits

J 0000H
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4.2 Difference in Representation of Memory Space

With the 78KO/FE2 products which support the memory bank, addresses can be viewed in the following two
different ways.

e Memory bank number + CPU address
e Flash memory real address (HEX FORMAT [BANK])

Figure 4-2. Address View

(a) Memory bank number + CPU address (b) Flash memory real address (HEX FORMAT [BANK])
| Memory bank 5 1FFFFH Memory bank 5
/ | Memory bank 4 1CO00H (16 KB)
e Memory bank 3 {BFFFH Memory bank 4
| Memory bank 2
/II Memory bank 1 18000H (16 KB)
BFFFH 17FFFH Memory bank 3
14000H (16 KB)
Bank Memory bank 0 13FFFH Memory bank 2
area (16 KB) 10000H (16 KB)
l 8000 H 0FFFFH Memory bank 1
TFFFH 0C000H (16 KB)
0BFFFH Memory bank 0
08000H (16 KB)
Sommorn Common e Common
area 2 KB
(32KB) (32 KB)
J 00000H
0000H

“Memory bank number + CPU address” is represented with a vacancy in the address space, while the flash
memory real address is shown with no vacancy in the address space.

“Memory bank number + CPU address” is used for addressing in the user program. For on-board programming
and self programming not using the self programming sample library"*", the flash memory real address is used.
Note that the HEX file that is output by the assembler (RA78K0) by default uses the flash memory real address.

For address representation of the other tools such as the simulator and the debugger'*°?, see Table 4-1.
Notes 1. “Memory bank number + CPU address” can be used when performing self programming, using the self

programming sample library, because the addresses are automatically translated.
2. SM+ for 78K0/Fx2, ID78K0-QB
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Table 4-1. Memory Bank Address Representation

Memory bank 1

Memory bank 2

Memory bank 3

Memory bank 4

Memory bank 5

Memory Bank Number CPU Address Flash Memory Real Address Address Representation in
Simulator and Debugger"™"
Memory bank 0 08000H-0BFFFH "*°* 08000H-0BFFFH 08000H-0BFFFH

0CO00H-OFFFFH

18000H-1BFFFH

10000H-13FFFH

28000H-2BFFFH

14000H-17FFFH

38000H-3BFFFH

18000H-1BFFFH

48000H-4BFFFH

1CO00H-1FFFFH

58000H-5BFFFH

Notes 1. SM+ for 78K0/Fx2, ID78K0-QB
2. Set the memory bank to be used by the memory bank select register (BANK) (see Figure 4-3).

For details, see the RA78KO0 Ver. 3.80 Assembler Package Operation User’s Manual (U17199E).
4.3 Memory Bank Select Register (BANK)

The memory bank select register (BANK) is used to select a memory bank to be used.

BANK can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears BANK to O0H.

Figure 4-3. Format of Memory Bank Select Register (BANK)

Address: FFF3H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BANK 0 0 0 0 0 BANK2 BANK1 BANKO
BANK2 BANK1 BANKO Bank setting
4PD78F0889 1PD78F0890
0 0 0 Common area (32 K) + memory bank 0 (16 K)
0 0 1 Common area (32 K) + memory bank 1 (16 K)
0 1 0 Common area (32 K) + memory bank 2 (16 K)
0 1 1 Common area (32 K) + memory bank 3 (16 K)
1 0 0 Setting prohibited Common area (32 K) +
memory bank 4 (16 K)
1 0 1 Common area (32 K) +
memory bank 5 (16 K)
Other than above Setting prohibited

Caution Be sure to change the value of the BANK register in the common area (0000H to 7FFFH).
If the value of the BANK register is changed in the bank area (8000H to BFFFH), an inadvertent
program loop occurs in the CPU. Therefore, never change the value of the BANK register in the
bank area.
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4.4 Selecting Memory Bank

The memory bank selected by the memory bank select register (BANK) is reflected on the bank area and can be
addressed. Therefore, to access a memory bank different from the one currently selected, that memory bank must be

selected by using the BANK register.

The value of the BANK register must not be changed in the bank area (8000H to BFFFH). Therefore, to change
the memory bank, branch an instruction to the common area (0000H to 7FFFH) and change the value of the BANK

register in that area.

Cautions 1. Instructions cannot be fetched between different memory banks.
2. Branching and accessing cannot be directly executed between different memory banks.

Execute branching or accessing between different memory banks via the common area.

3. Allocate interrupt servicing in the common area.

4. An instruction that extends from 7FFFH to 8000H can only be executed in memory bank 0.

4.4.1 Referencing values between memory banks
Values cannot be directly referenced from one memory bank to another.
To access another memory bank from one memory bank, branch once to the common area (0000H to 7FFFH),

change the setting of the BANK register there, and then reference a value.

Bank
area

=
Memory bank m //

Referencing value

Common
area

Bank

Memory bank m

area L,
T
Common
area N /

|

Memory bank n

7

Memory bank n

Referencing value
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Software example (to store a value to be referenced in register A)

RAMD DSEG SADDR
R_BNKA: DS 2 ; Secures RAM for specifying an address at the reference destination.
R_BNKN: DS 1 ; Secures RAM for specifying a memory bank number at the reference destination.
R_BNKRN: DS 1 ; Secures RAM for saving a memory bank number at the reference source.
ETRC CSEG UNIT
ENTRY:
MOV R_BNKN,#BANKNUM DATA1 ; Stores the memory bank number at the reference destination.
MOVW  R_BNKA #DATA1 ; Stores the address at the reference destination.
CALL IBNKRD ; Calls a subroutine for referencing between memory banks.
BNKC CSEG AT 7000H
BNKRD: ; Subroutine for referencing between memory banks.
PUSH HL ; Saves the contents of the HL register.
MOV A,R_BNKN ; Acquires the memory bank number at the reference destination.
XCH A,BANK ; Swaps the memory bank number at the reference source for that at the reference
; destination
MOV R_BNKRN,A ; Saves the memory bank number at the reference source.
XCHW  AXHL ; Saves the contents of the X register.
MOVW  AX,R_BNKA ; Acquires the address at the reference destination.
XCHW AX,HL ; Specifies the address at the reference destination.
MOV A,[HL] ; Reads the target value.
XCH A,R_BNKRN ; Acquires the memory bank number at the reference source.
MOV BANK,A ; Specifies the memory bank number at the reference source.
MOV A,R_BNKRN ; Write the target value to the A register.
POP HL ; Restores the contents of the HL register.
RET ; Return
DATA CSEG BANK3
DATA1: DB 0AAH
END
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4.4.2 Branching instruction between memory banks
Instructions cannot branch directly from one memory bank to another.

To branch an instruction from one memory bank to another, branch once to the common area (0000H to 7FFFH),

change the setting of the BANK register there, and then execute the branch instruction again.

Bank
area

!

Memory bank m.

Memory bank n
> <

_—

Instruction branch

|

Common
area

Bank
area

”

Memory bank m

Memory bank n

Common
area

Instruction branch
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Software example 1 (to branch from all areas)

RAMD DSEG SADDR
R_BNKA: DS 2 ; Secures RAM for specifying a memory bank at the branch destination.
R_BNKN: DS 1 ; Secures RAM for specifying a memory bank number at the branch destination.
RSAVEAX: DS 2 ; Secures RAM for saving the AX register.
ETRC CSEG UNIT
ENTRY:
MOV R_BNKN,#BANKNUM TEST ; Stores the memory bank number at the branch destination in RAM.
MOVW  R_BNKA#TEST ; Stores the address at the branch destination in RAM.
BR IBNKBR ; Branches to inter-memory bank branch processing.
BNKC CSEG AT 7000H ;
BNKBR:
MOVW  RSAVEAX,AX ; Saves the AX register.
MOV A,R_BNKN ; Acquires the memory bank number at the branch destination.
MOV BANK,A ; Specifies the memory bank number at the branch destination.
MOVW  AX,R_BNKA ; Specifies the address at the branch destination.
PUSH AX ; Sets the address at the branch destination to stack.
MOVW  AX,RSAVEAX ; Restores the AX register.
RET ; Branch
BN3 CSEG BANK3
TEST:
MOV -
END

Software example 2 (to branch from common area to any bank area)

ETRC CSEG AT 2000H

ENTRY:
MoV R_BNKN,#BANKNUM TEST ; Stores the memory bank number at the branch destination in RAM.
BR ITEST ; Stores the address at the branch destination in RAM.

BN3 CSEG BANK3

TEST:
MOV -

END
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4.4.3 Subroutine call between memory banks

Subroutines cannot be directly called between memory banks.

To call a subroutine between memory banks, branch once to the common area (0000H to 7FFFH), specify the
memory bank at the calling destination by using the BANK register there, execute the CALL instruction, and branch to
the call destination by that instruction.

At this time, save the current value of the BANK register to RAM. Restore the value of the BANK register before
executing the RET instruction.

Memory bank n
T > Y

Bank
area

!

|

Common
area

Memory D" CALL instruction

T Memory bank n

Bank /

Memory bank m BR instruction

area
‘
Common CALL
area instruction
-y
S\ RET instruction

RET instruction
| AN

\‘ Change BANK and save

memory bank number at
calling source.
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Software example

RAMD DSEG SADDR
R_BNKA: DS 2 ; Secures RAM for specifying an address at the calling destination.
R_BNKN: DS 1 ; Secures RAM for specifying a memory bank number at the calling destination.
R_BNKRN: DS 1 ; Secures RAM for saving a memory bank number at the calling source.
RSAVEAX: DS 2 ; Secures RAM for saving the AX register.
ETRC CSEG UNIT
ENTRY:
MOV R_BNKN,#BANKNUM TEST ; Store the memory bank number at the calling destination in RAM.
MOVW  R_BNKA#TEST ; Stores the address at the calling destination in RAM.
CALL IBNKCAL ; Branches to an inter-memory bank calling processing routine.
BNKC CSEG AT 7000H
BNKCAL: ; Inter-memory bank calling processing routine
MOVW  RSAVEAX,AX ; Saves the AX register.
MOV A,R_BNKN ; Acquires the memory bank number at the calling destination.
XCH A,BANK ; Changes the bank and acquires the memory bank number at the calling source.
MOV R_BNKRN,A ; Saves the memory bank number at the calling source to RAM.
CALL IBNKCALS ; Calls a subroutine to branch to the calling destination.
MOVW  RSAVEAX,AX ; Saves the AX register.
XCH A,R_BNKRN ; Acquires the memory bank number at the calling source.
MOV BANK,A ; Specifies the memory bank number at the calling source.
MOVW  RSAVEAX,AX ; Restores the AX register.
RET ; Returns to the calling source.
BNKCALS:
MOVW  AX,R_BNKA ; Specifies the address at the calling destination.
PUSH AX ; Sets the address at the calling destination to stack.
MOVW  AX,RSAVEAX ; Restores source AX register.
RET AX ; Branches to the calling destination.
BN3 CSEG BANK3
TEST: ;
MOV -
RET
END

Remark In the software example above, multiplexed processing is not supported.
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4.4.4 Instruction branch to bank area by interrupt
When an interrupt occurs, instructions can branch to the memory bank specified by the BANK register by using the
vector table, but it is difficult to identify the BANK register when the interrupt occurs.
Therefore, specify the branch destination address specified by the vector table in the common area (0000H to
7FFFH), specify the memory bank at the branch destination by using the BANK register in the common area, and
execute the CALL instruction. At this time, save the BANK register value before the change to RAM, and restore the

value of the BANK register before executing the RETI instruction.

Remark Allocate interrupt servicing that requires a quick response in the common area.

Bank
area

I

Memory bank m

Memory bank n

Instruction branch /

|

Common
area

/\

AN

Vector table

Save the original memory bank number.
Specify the address and memory bank

at the destination, and execute the call
instruction.

Software example (when using interrupt request of 16-bit timer/event counter 00)

VCTBL CSEG AT 0020H
DW BNKITMO000 ; Specifies an address at the timer interrupt destination.
RAMD DSEG SADDR
R_BNKRN: DS 1 ; Secures RAM for saving the memory bank number before the interrupt occurs.
BNKC CSEG AT 7000H
BNKITMOO00: ; Inter-memory bank interrupt servicing routine
PUSH AX ; Saves the contents of the AX register.
MOV A,BANK
MOV R_BNKRN,A ; Saves the memory bank number before the interrupt to RAM.
MOV BANK,#BANKNUM TEST ; Specifies the memory bank number of the interrupt routine.
CALL ITEST ; Calls the interrupt routine.
MOV A,R_BNKRN ; Restores the memory bank number before the interrupt.
MOV BANK,A
POP AX ; Restores the contents of the AX register.
RETI
BN3 CSEG BANKS3
TEST: ; Interrupt servicing routine
MOQV -
RET
END
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Remark

Note the following points to use the memory bank select function efficiently.

¢ Allocate a routine that is used often in the common area.

¢ If a value that is planned to be referenced is placed in RAM, it can be referenced from all of the areas.

o If the reference destination and the branch destination of the routine placed in a memory bank are
placed in the same memory bank, then the code size and processing are more efficient.

¢ Allocate interrupt servicing that requires a quick response in the common area.
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5.1 Port Functions

There are two types of pin 1/O buffer power supplies: AVrer and EVop. The relationship between these power
supplies and the pins is shown below.

Table 5-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
AVRrer P80 to P87, P90 to P93
EVop Port pins other than P80 to P87, P90 to P93 and P121 to P124
Vob e P121 to P124
o Non-port pins

78KO0/FE2 products are provided with the ports shown in Figure 5-1, which enable variety of control operations.
In addition to the function as digital /O ports, these ports have several alternate functions. For details of the
alternate functions, refer to CHAPTER 2 PIN FUNCTIONS.

The 78K0/FE2 has a total of 55 1/O ports, ports 0, 1, 310 9, 12 and 13. The port configuration is shown below.

Figure 5-1. Port Types

-~ ] POl joe——»
Port 0

P —— P05 fe—

Port7 4 - P06 |~

-] P10 }«—— =

Port 1

-— 1 P80

Port 8 P17 J+——m

}
|
- =]
}
}
}

Port 3

-~ P87
P33 [~

- | P90
-~ - P40 f«— =

Port 9 o«

Port 4

-— | P93

P43 f+—

-~ P120 P50 f+— =

Port 12 -~ Port 5

P53 f«~—
- P124
P60 f«—

P130

Port 6

Port 13 { D =

- »| P132 P63 [~—
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5.2 Port Configuration

Ports include the following hardware.

Table 5-2. Port Configuration

Iltem Configuration

Control registers Port mode register (PM0, PM1, PM3 to PM9, PM12, PM13)
Port register (PO, P1, P3 to P9, P12, P13)
Pull-up resistor option register (PUO, PU1, PU3 to PU5, PU7, PU12, PU13)

Port Total: 55 (CMOS 1/O: 50, CMOS output: 1, N-ch open drain 1/O: 4)

Pull-up resistor Total: 34
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5.2.1 Port0
Port 0 is a 4-bit /0O port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units

using port mode register 0 (PM0). When the P00, P01, P05 and P06 pins are used as an input port, use of an on-chip
pull-up resistor can be specified in 1-bit units by pull-up resistor option register 0 (PUO).

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

Reset signal generation sets port 0 to input mode.

Figures 5-2 and 5-3 show block diagrams of port 0.

Caution To use P05/SSI11/TI001 as general-purpose ports, set serial operation mode register 11
(CSIM11) to the default status (00H).

Figure 5-2. Block Diagram of P00 and P05

EVop
™1 WReu
l PUO
© PU00, PUO5
P-ch
Alternate function
RD
l | g O<] OQ] |
o 3
2 ! 2
g WRPpoRT
2 PO
£
S Output latch
~ (POO, PO5) © P00/TI000,
P05/SSI11/TI001
WRem
PMO
S PMO00, PM05
%
PO: Port register 0

PUO: Pull-up resistor option register 0
PMO:  Port mode register 0

RD: Read signal

WRxx: Write signal
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Figure 5-3. Block Diagram of P01 and P06

EVoo

D

e

P-ch

M-  WReu
l PUO
S PUO1, PUO6
Alternate
function
RD
1 S
S 3
E ! 3
g WRProRT
o PO
£
A Qutput latch
~ (PO1, POB)
WRpm
PMO
& PMO01, PM06
Alternate
function
%
PO: Port register 0
PUOQ: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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5.2.2 Port 1

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

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

Reset signal generation sets port 1 to input mode.

Figures 5-4 to 5-6 show block diagrams of port 1.

Caution To use P10/SCK10/TxD61 and P12/SO10 as general-purpose ports, set serial operation mode
register 10 (CSIM10) and serial clock selection register 10 (CSIC10) to the default status (00H).

Figure 5-4. Block Diagram of P10, P16 and P17
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Figure 5-5. Block Diagram of P11 and P14

Internal bus

EVop

WRPru

l PU1

O PU11, PU14

P-ch
Alternate
function
RD
5 o<]—o@]7
f | :
»n
WRPporT
P1
a Output latch
~ (P11, P14) ©) P11/SI10/RxD61,
P14/RxD60
WReMm
PM1

& PM11, PM14
P1: Port register 1
PU1: Pull-up resistor option register 1

PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Figure 5-6. Block Diagram of P12, P13 and P15

EVoo
WRpu
PU1
A PU12, PU13,
v PU15 :>o—| P-ch
RD
Y —
| o
17}
§ WRPpoRT
3 P1
£
o A Output latch
£ ¥ (P12, P13, P15) ——QO P12/S010,
WReM P13/TxD60,
PM1 P15/TOHO
A PM12, PM13,
~ PM15
Alternate
function
N/
P1: Port mode register 1

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

RD: Read signal

WRxx: Write signal
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5.2.3 Port3
Port 3 is a 4-bit I/0O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units

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

This port can also be used for external interrupt request input and timer 1/0.

Reset signal generation sets port 3 to input mode.

Figures 5-7 and 5-8 show block diagrams of port 3.

<R> Cautions 1. Be sure to pull the P31 pin down before a reset release, to prevent malfunction.
2. Connect P31/TI002/INTP2 as follows when writing the flash memory with a flash programmer.
- P31/TI002/INTP2: Connect to EVss via a resistor (10 kQ: recommended).
The above connection is not necessary when writing the flash memory by means of self

programming.

Remark P31/INTP2/TI002 and P32/INTP3/TI012/TO02 can be used for on-chip debug mode setting when the
on-chip debug function is used. For details, refer to CHAPTER 25 ON-CHIP DEBUG FUNCTION.

Figure 5-7. Block Diagram of P30 and P31
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S PU30, PU31
P-ch
Alternate
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)]
> - )
2 | Ie) <| <|
g = | s
Q [0
E N

WRpPpoRT
P3
A Output latch
~ (P30, P31) © P30/INTP1,
P31/INTP2/T1002
WRem
PM3
S PM30, PM31
—~_/
P3: Port register 3

PUS: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal
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Figure 5-8. Block Diagram of P32 and P33
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EVop
M- WRru
PU3
S PU32, PU33
P-ch
Alternate
function
RD
| e
anY | §
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g WRPporT
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o Output latch
(P32, P33) ——Q© P32/INTP3/TI012/TO02,
P33/INTP4/TI51/TO51
WRem
PM3
© PM32, PM33
Alternate
function
N
P3: Port register 3
PUS: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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5.2.4 Port4
Port 4 is a 4-bit /0O 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). Use of an on-chip pull-up resistor can be specified in 1-bit units with pull-up resistor
option register 4 (PU4).

Reset signal generation sets port 4 to input mode.

Figure 5-9 shows a block diagram of port 4.

Figure 5-9. Block Diagram of P40 to P43

EVop
WRepu PU4
(N
PU40 to PU43
P-ch
RD
2 Selector \
Qo
g b
c
@ WRpProRT '
IS P4
Output latch |
(P40 to P43) © P40to P43
WRepm
PM4
PM40 to PM43
N
P4: Port register 4

PU4: Pull-up resistor option register 4
PM4:  Port mode register 4

RD: Read signal

WRxx: Write signal
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5.2.5 Port5
Port 5 is 4-bit 1/0 port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units using

port mode register 5 (PM5). Use of an on-chip pull-up resistor can be specified in 1-bit units using pull-up resistor
option register 5 (PU5).

Reset signal generation sets port 5 to input mode.

Figure 5-10 shows a block diagram of port 5.

Figure 5-10. Block Diagram of P50 to P53

EVop
WRepu PU5
(N
PU50 to PU53
P-ch
RD
9 Selector \
el
g t
S WRporT 1
£ P5
Output latch |
(P50 to P53) © P50 to P53
WRem
PM5
PM50 to PM53
/\_/
P5: Port register 5

PUS5: Pull-up resistor option register 5
PM5:  Port mode register 5

RD: Read signal

WRxx: Write signal
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5.2.6 Port6

Port 6 is a 4-bit /0O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units
using port mode register 6 (PM6).

The P60 to P63 pins are N-ch open-drain pins (6 V tolerance).

Reset signal generation sets port 6 to input mode.

Figure 5-11 shows block diagram of port 6.

Figure 5-11. Block Diagram of P60 to P63

(T
RD
Q<{ Selector

3| wr

% PORT P6

s Output latch

% (P60 to P63) © P60 to P63

WReM
PM6
PM60 to PM63

/_\_/

Pé6: Port register 6

PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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5.2.7 Port7
Port 7 is an 7-bit I1/0 port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units

using port mode register 7 (PM7). When the P70 to P76 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 7 (PU7).

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

Reset signal generation sets port 7 to input mode.

Figures 5-12 to 5-16 show block diagrams of port 7.

Caution To use P74/SO11 and P76/SCK11 as general-purpose ports, set serial operation mode register
10 (CSIM 10) and serial clock selection resister 10 (CSIC10) to the default status (00H).

<R> Figure 5-12. Block Diagram of P70
EVoo
M-  WReru
L PU7
© PU70
P-ch
RD
| <

= 3
0 | 3
Ke)
] WRPpoRT
c
@ P7
=
- N Output latch

~ (P70) ] ——QO P70/CTxD

WRpm
PM7
S PM70
Alternate
function
%
P7: Port register 7

PU7: Pull-up resistor option register 7
PM7:  Port mode register 7

RD: Read signal

WRxx: Write signal
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Internal bus

104

WReu

Figure 5-13. Block Diagram of P71 and P75
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Alternate function
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Output latch
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e

P-ch

(P71 and P75)

PM7

PM71 and PM75

P7:
PU7:
PM7:
RD:
WRxx:

Port register 7
Pull-up resistor option register 7
Port mode register 7
Read signal
Write signal
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<R>

Figure 5-14. Block Diagram of P72 and P73

EVoo

D

e

P-ch

M-  WReu
l PU7
S PU72 and PU73
Alternate
function
RD
S
= | 3
2 ! 3
e}
© WRProRrT
c
9] P7
€
= A Output latch
~ (P72 and P73)
WRpm
PM7
S PM72 and PM73
Alternate
function
%
P7: Port register 7
PU7: Pull-up resistor option register 7
PM7:  Port mode register 7
RD: Read signal
WRxx: Write signal
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Figure 5-15. Block Diagram of P74
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N
P7: Port register 7
PU7: Pull-up resistor option register 7
PM7:  Port mode register 7
RD: Read signal
WRxx: Write signal
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Figure 5-16. Block Diagram of P76
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c
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WRem
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S PM76
Alternate
function
N
P7: Port register 7
PU7: Pull-up resistor option register 7
PM7:  Port mode register 7
RD: Read signal
WRxx: Write signal
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5.2.8 Port 8

Port 8 is an 8-bit I/0 port with an output latch. Port 8 can be set to the input mode or output mode in 1-bit units
using port mode register 8 (PM8).

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

To use P80/ANIO to P87/ANI7 as digital input pins, set them in the digital /O mode by using the A/D port
configuration register (ADPC) and in the input mode by using PM8. Use these pins starting from the lower bit.

To use P80/ANIO to P87/ANI7 as digital output pins, set them in the digital I/O mode by using ADPC and in the
output mode by using PM8 (for details, see 13.3 (5) A/D port configuration register (ADPC)).

Table 5-3. Setting Functions of P80/ANIO to P87/ANI7 Pins

ADPC PM8 ADS P80/ANIO to P87/ANI7 Pin
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANI. Setting prohibited
Does not select ANI.

All P80/ANIO to P87/ANI7 are set in the analog input mode when the reset signal is generated.
Figure 5-17 shows a block diagram of port 8.

Caution Make the AVRer pin the same potential as the Vop pin when port 8 is used as a digital port.

Figure 5-17. Block Diagram of P80 to P87

Y
RD
I & -
N4 [0}
| o

(7] w
>
QO
= WRPpoRT
c
I3 P8
C
= Output latch

© (P80 to P87) O ﬁg%mg to

WRpm
PM8
S PM80 to PM87
A/D converter
e
P8: Port register 8

PM8:  Port mode register 8
RD: Read signal
WRxx: Write signal
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5.2.9 Port9

Port 9 is an 4-bit I1/0 port with an output latch. Port 9 can be set to the input mode or output mode in 1-bit units
using port mode register 9 (PM9).

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

To use P90/ANI8 to P93/ANI11 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 PM9. Use these pins starting from the lower bit.
To use P90/ANI8 to P93/ANI11 as digital output pins, set them in the digital /O mode by using ADPC and in the
output mode by using PM9 (for details, see 13.3 (5) A/D port configuration register (ADPC)).

Table 5-4. Setting Functions of P90/ANI8 to P93/ANI11 Pins

ADPC PM9 ADS P90/ANI8 to P93/ANI11 Pin
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANI. Setting prohibited
Does not select ANI.

All P90/ANI8 to P93/ANI11 are set in the analog input mode when the reset signal is generated.
Figure 5-18 shows a block diagram of port 9.

Caution Make the AVRer pin the same potential as the Vop pin when port 9 is used as a digital port.

Figure 5-18. Block Diagram of P90 to P93

Y
RD
I g \
N4 [0}
| o
(7] w
>
QO
= WRPpoRT
c
3 P9
C
- Output latch
O P90/ANI8 to
~ (P90 to P93) © P93/ANI11
WRpm
PM9
S PM90 to PM93
A/D converter
e
P9: Port register 9

PM9:  Port mode register 9
RD: Read signal
WRxx: Write signal

Users Manual U17554EJ4V0UD 109



CHAPTER 5 PORT FUNCTIONS

5.2.10 Port 12

Port 12 is a 5-bit I/0 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 only for P120, use of an on-chip pull-up resistor can
be specified by pull-up resistor option register 12 (PU12).

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

Reset signal generation sets port 12 to input mode.

Figures 5-19 and 5-20 show block diagrams of port 12.

Cautions 1. When using the P121 to P124 pins to connect a resonator for the main system clock (X1, X2)
or subsystem clock (XT1, XT2), or to input an external clock for the main system clock
(EXCLK) or subsystem clock (EXCLKS), the X1 oscillation mode, XT1 oscillation mode, or
external clock input mode must be set by using the clock operation mode select register
(OSCCTL) (for detail, see 6.3 (5) Clock operation mode select register (OSCCTL)). The reset
value of OSCCTL is 00H (all of the P121 to P124 pins are 1/O port pins). At this time, setting
of the PM121 to PM124 and P121 to P124 pins is not necessary.

2. Connect P121/X1 as follows when writing the flash memory with a flash programmer.
- P121/X1: When using this pin as a port, connect it to Vss via a resistor (10 kQ:
recommended) (in the input mode) or leave it open (in the output mode).
The above connection is not necessary when writing the flash memory by means of self
programming.
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Figure 5-19. Block Diagram of P120
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P12: Port register 12
PU12:  Pull-up resistor option register 12
PM12: Port mode register 12
RD: Read signal
WRxx: Write signal

User's Manual U17554EJ4VOUD

111
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Figure 5-20. Block Diagram of P121 to P124
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P12: Port register 12
PU12:  Pull-up resistor option register 12
PM12: Port mode register 12
RD: Read signal
WRxx: Write signal
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5.2.11 Port 13

Port 130 is a 1-bit output-only port.
Port 131 and 132 are 2-bit I/O port. P131 and P132 can be set to the input mode or output mode in 1-bit units

using port mode register 13 (PM13). 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 13 (PU13).
Figures 5-21 to 5-23 show block diagrams of port 13.

Figure 5-21. Block Diagram of P130
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RD
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2
©
<
% WRepoRT P13
Output latch | o
(P130) I © P130
—_J

P13: Port register 13
RD: Read signal
WRxx: Write signal

Remark When reset is effected, P130 outputs a low level. If P130 is set to output a high level before reset is
effected, the output signal of P130 can be dummy-output as the CPU reset signal.

Reset signal

P130

!

Set by software
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Figure 5-22. Block Diagram of P131
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PM13: Port mode register 13
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Figure 5-23. Block Diagram of P132
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5.3 Registers Controlling Port Function
Port functions are controlled by the following three types of registers.

o Port mode registers (PM0, PM1, PM3 to PM9, PM12, PM13)

o Port registers (PO, P1, P3 to P9, P12, P13)

o Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12, PU13)
o A/D port configuration register (ADPC)
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CHAPTER 5 PORT FUNCTIONS

(1) Port mode registers (PM0, PM1, PM3 to PM9, PM12, PM13)
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 except for PM13. PM13 is set to FEH.

When port pins are used as alternate-function pins, set the port mode register and output latch as shown in Table

5-5.

Figure 5-24. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMo | 1 | Pmos | Pmos | 1 | 1 | 1 | Pmo1 | Pmoo | FF2oH FFH RIW
7 6 5 4 3 2 1 0
PM1 [ PM17 | Pmts | Pm1s | Pm14 | PM13 | PM12 | Pm11 | PM10 | FF21H FFH R/W
7 6 5 4 3 2 1 0
3 | 1 | 1 | 1 | 1 [ pPwss | Pus2 | PM31 | PM30 | FFasH FFH RIW
7 6 5 4 3 2 1 0
Pma [ 1 | 1 | 1 [ 1 [ Pmas | P42 | Pm4r | Pmao | FRaan  FRH RW
7 6 5 4 3 2 1 0
s [ 1 | 1 | 1 | 1 [ Pwvss | Pws2 | PMs1 | Pmso | FFasH FFH RIW
7 6 5 4 3 2 1 0
s | 1 | 1 | 1 | 1 [ Pwes | Pue2 | Pme1 | PMeo | FF2eH FFH RIW
7 6 5 4 3 2 1 0
PM7 [ 1 | pm7e | PM7s | PM74 | PM7s | Pm72 | PM71 | Pm7o | FRa7H FFH RIW
7 6 5 4 3 2 1 0
PM | PMs7 | PMss | PMes | PMs4 | PMss | Pme2 | PMa1 | PMso | FFasH FFH RIW
7 6 5 4 3 2 1 0
o [ 1 | 1 | 1 | 1 [ pPwes | Pvez | Pmo1 | Pmeo | FrasH FFH RIW
7 6 5 4 3 2 1 0
PMiz [ 1 [ 1 [ 1 | Pmi24| Pmi23 | PMi22 | PM121 | PM120 | FR2cH  FFH RW
7 6 5 4 3 2 1
iz [ 1 | 1 [ 1 | 1 | 1 |pwts2|Pwa1| o | FF2DH  FEH RIW
PMmn Pmn pin I/O mode selection

(m=0,1,31t09,12,13;n=01t07)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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Table 5-5. Settings of Port Mode Register and Output Latch When Using Alternate Function (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name I/0

P00 TI000 Input 1 x
PO1 TIO10 Input 1 x
TOO00 Output 0 0

P05 'SSH1 Input 1 x
TI001 Input 1 X

P06 TIO11 Input 1 x
TOO1 Output 0 0

P10 SCK10 Input 1 x
Output 0 1

TxD61 Output 0 1

P11 SI10 Input 1 x
RxD61 Input 1 X

P12 SO10 Output 0 0
P13 TxD60 Output 0 1
P14 RxD60 Input 1 x
P15 TOHO Output 0 0
P16 TOHA1 Output 0 0
INTP5 Input 1 x

P17 TI50 Input 1 x
TO50 Output 0 0

P30 INTP1 Input 1 X
P31 INTP2 Input 1 x
TI002 Input 1 x

P32 INTP3 Input 1 x
TIO12 Input 1 x

TOO02 Output 0 0

P33 INTP4 Input 1 x
TI51 Input 1 X

TO51 Output 0 0

P70 CTxD Output 0 1
P71 CRxD Input 1 x
P72 PCL Output 0 0
INTP6 Input 1 x

P73 BUZ Output 0 0
INTP7 Input 1 x

P74 SO11 Output 0 0
P75 Si11 Input 1 x

Remark x: Don’t care

PMxx: Port mode register
Pxx:

118
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Table 5-5. Settings of Port Mode Register and Output Latch When Using Alternate Function (2/2)

Pin Name Alternate Function PMxx Pxx
Function Name I/0

P76 SCK11 Input 1 x
Output 0 1

P80-P87 ANIO-ANI7 Input 1 x
P90-P93 ANI8-ANI11 Input 1 x
P120 INTPO Input 1 x
EXLVI Input 1 x

P121 X1 Input 1 x
P122 X2 Input 1 x
EXCLK Input 1 x

P123 XT1 Input 1 x
P124 XT2 Input 1 x
EXCLKS Input 1 x

P131 TI003 Input 1 x
P132 TIO13 Input 1 x
TO03 Output 0 0

Remark x: Don’t care

PMxx: Port mode register

Pxx:

Port output latch

Caution When using P80/ANIO to P87/ANI7, P90/ANI8 to P93/ANI11 in the input mode, not only PM8 and PM9
(input/output) but also the A/D port configuration register (ADPC) (analog input/digital input) must
be set (for details, see 13.3 (4) Analog input channel specification register (ADS) to (7) Port mode
register 9 (PM9)). The reset value of ADPC is 00H (P80/ANIO to P87/ANI7, P90/ANI8 to P93/ANI11
are all analog input pins).
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CHAPTER 5 PORT FUNCTIONS

(2) Port registers (PO, P1, P3 to P9, P12, P13)
These registers write the data that is output from the chip when data is output from a port.
If the data is read in the input mode, the pin level is read. If it is read in the output mode, the value of the output

latch is read.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Symbol

PO

P1

P3

P4

P5

P6

P7

P8

P9

P12

P13

Figure 5-25. Format of Port Register

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

[ o [ Pos [ Pos | o [ o | o | Pot | Poo | FFooH  00H (outputiatch) R
7 6 5 4 3 2 1 0

[ P17 | Pie | P15 | Pia | P13 | P12 | P11 | P10 | FFOtH  00H (outputiatch) Rw
7 6 5 4 3 2 1 0

[ o | o | o o | Ps3 | Ps2 | P31 | P30 | FFOSH  0OM (outputlatch) RW
7 6 5 4 3 2 1 0

[ o | o | o o | Pas | Pa2 | Par | Pao | FFO4H  0OH (outputiatch) RMW
7 6 5 4 3 2 1 0

| o | o o | pss | ps2 | pst | Pso | FFosH  0OH (outputlatch) AW
7 6 5 4 3 2 1 0

| o | o o | Pea | Pe2 | Pet | Pe0 | FFOBH  0OM (outputlatch) RMW
7 6 5 4 3 2 1 0

| o | pe | ps | pra | P7s | P2 | P71 | P7o | FFO7H  00H (outputlaten) R
7 6 5 4 3 2 1 0

| Pe7 | Pes | Pes | Psa | Pes | Ps2 | Ps1 | Pso | FFosH  OOH (outputlatch) RW
7 6 5 4 3 2 1 0

[ o | o | o 0o | Pes | Po2 | Pot | Poo | FFO9H  0OH (outputiatch) R
7 6 5 4 3 2 1 0

[ o | o | o P124 | P123 | P122 | P121 | P120 | FFOCH  0OH (outputlatch) R/MW
7 6 5 4 3 2 1 0

[ o | o | o o | o | ptas2 | P13t | P130 | FFODH  00H (outputiatch) RMW
Pmn m=0,1,3t09,12,13;n=0t07

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

Remark An undefined value (pin input level) is read for the value after reset when PO is read in the input mode.
When P8 and P9 are read in the output mode, O0H (output latch value) is output.
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CHAPTER 5 PORT FUNCTIONS

(3) Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12, PU13)

These registers specify whether the on-chip pull-up resistors of P00, P01, P05, P06, P10 to P17, P30 to P33, P40
to P43, P50 to P53, P70 to P76, P120, P131 and P132 are to be used or not. On-chip pull-up resistors can be used in
1-bit units only for the bits set to input mode of the pins to which the use of an on-chip pull-up resistor has been
specified in PUO, PU1, PU3 to PU5, PU7, PU12, and PU13. On-chip pull-up resistors cannot be connected to bits set
to output mode and bits used as alternate-function output pins, regardless of the settings of PUO, PU1, PU3 to PUS5,
PU7, PU12, and PU13.

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

Reset signal generation clears these registers to 00H.

Figure 5-26. Format of Pull-up Resistor Option Register

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

Puo | o [Puos [Puos | o | o | o | Puot | Puoo | FFsoH oo RIW
7 6 5 4 3 2 1 0

PUt | PU17 | Pute | PU1s | PU14 | PU1B | PUt2 | PUT1 | PUt0 | FFatH 00H RIW
7 6 5 4 3 2 1 0

Pus | o | o | o | o [ Puss| pPuse | Pust | Puso | FFasH oo RIW
7 6 5 4 3 2 1 0

Pusa | o | o | o | o | Puss | Pus | Pust | Puso | FFasH 00H RIW
7 6 5 4 3 2 1 0

Pis | o | o | o | o | Puss| pPuse | Pust | Puso | FFasH 00H RIW
7 6 5 4 3 2 1 0

PU7 | o | puze | Purs | Pu7a | Pu7s | Pu72 | PU71 | PUTO | FFaTH  oOH RIW
7 6 5 4 3 2 1 0

Pu2 | o | o | o | o | o | o | o [Puteo| FrecH  ooH RIW
7 6 5 4 3 2 1 0

PU3 | o | o | o | o | o |pus2z|pPursi| o | FraDH 0OH RIW

PUmn PUmn pin on-chip pull-up resistor selection

(m=0,1,3t05,7,12,13,n=01t07)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected
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(4) A/D port configuration register (ADPC)
This register switches the P80/ANIO to P87/ANI7 and P90/ANI8 to P93/ANI11 pins to digital I/O of port or analog
input of A/D converter.
ADPC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Table 5-6. Format of A/D Port Configuration Register (ADPC)

ADPC3 | ADPC2 | ADPC1 | ADPCO Analog input (A)/ digital input (D) switching

P93/ | P92/ | P91/ | P90/ | P87/ | P86/ | P85/ | Pe4/ | P83/ | P82/ | P81/ | P8O/

ANI11 | ANI1O | ANI9 | ANI8 | ANI7 | ANI6 | ANI5 | ANI4 | ANI3 | ANI2 | ANI1 [ ANIO
0 0 0 0 A A A A A A A A A A
0 0 0 1 A A A A A A A A A A A D
0 0 1 0 A A A A A A A A A A D D
0 0 1 1 A A A A A A A A A D D D
0 1 0 0 A A A A A A A A D D D D
0 1 0 1 A A A A A A A D D D D D
0 1 1 0 A A A A A A D D D D D D
0 1 1 1 A A A A A D D D D D D D
1 0 0 0 A A A A D D D D D D D D
1 0 0 1 A A A D D D D D D D D D
1 0 1 0 A A D D D D D D D D D D
1 0 1 1 A D D D D D D D D D D D
1 1 0 0 D D D D D D D D D D D

Other than above Setting prohibited

Cautions 1. Set the channel used for A/D conversion to the input mode by using port mode register
8 (PM8) and port mode register 9 (PM9).
2. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the
CPU is operating on the subsystem clock and the peripheral hardware clock is stopped.
For details, see CHAPTER 31 CAUTIONS FOR WAIT.
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5.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
5.4.1 Writing to I/0 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 by reset.

(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.

5.4.2 Reading from I/O port

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

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

5.4.3 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 by reset.

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

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

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

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the
output latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the 78K0/FE2.

<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>.

<R> Figure 5-27. Bit Manipulation Instruction (P10)

1-bit manipulation

P10 @ instruction P10 @

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

bit.
P11to P17 @ :> P11to P17 @

Pin status: High level Pin status: High level

High-level output

Port 1 output latch Port 1 output latch

[ofofofofefo]ofo] EEENERENERERENED

1-bit manipulation instruction for P10 bit

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

<2> Set the P10 bit to 1.

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

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

The following system clocks and clock oscillators are selectable.

(1)

()

3

Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 4 to 20 MHz. Oscillation can be stopped by executing the STOP
instruction or using the main OSC control register (MOC).

<2> Internal high-speed oscillator
This circuit oscillates a clock of frn = 8 MHz (TYP.). After a RESET release, the CPU always starts
operating with this internal high-speed oscillation clock. Oscillation can be stopped by executing the
STOP instruction or using the internal oscillator mode register (RCM).

An external main system clock (fexcik = 4 to 20 MHz) can also be supplied from the EXCLK pin. As the main
system clock, a high-speed system clock (X1 clock or external main system clock) or internal high-speed
oscillation clock can be selected by using the main clock mode register (MCM).

Subsystem clock

e Subsystem clock oscillator
This circuit oscillates at a frequency of fxt = 32.768 kHz. Oscillation can be stopped by using the processor
clock control register (PCC) and clock operation mode select register (OSCCTL). An external subsystem
clock (fexcLks = 32.768 kHz) can also be supplied from the EXCLKS pin.

Internal low-speed oscillation clock (clock for watchdog timer)

¢ Internal low-speed oscillator
This circuit oscillates a clock of frRL = 240 kHz (TYP.). After a RESET release, the internal low-speed
oscillation clock always starts operating. Oscillation can be stopped by using the internal oscillator mode
register (RCM).
The internal low-speed oscillation clock cannot be used as the CPU clock. The following hardware operates
with the internal low-speed oscillation clock.
¢ Watchdog timer
e TMH1 (fRL, frL/2", fRL/2°)

Remarks 1. fx: X1 clock oscillation frequency

2. fRH: Internal high-speed oscillation clock frequency
fexcik:  External main system clock frequency

fx: XT1 clock oscillation frequency

fexciks: External subsystem clock frequency

o gk w

fRL: Internal low-speed oscillation clock frequency
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6.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 6-1. Configuration of Clock Generator

Iltem

Configuration

Control registers

Processor clock control register (PCC)

Internal oscillator mode register (RCM)

Main clock mode register (MCM)

Main OSC control register (MOC)

Clock operation mode select register (OSCCTL)

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

Oscillators

X1 oscillator

XT1 oscillator

Internal high-speed oscillator
Internal low-speed oscillator
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Remarks 1. fx: X1 clock oscillation frequency
2. frH: Internal high-speed oscillation clock frequency
3. fexck: External main system clock frequency
4. fxu: High-speed system clock oscillation frequency
5. fxp: Main system clock oscillation frequency
6. frRs: Peripheral hardware clock frequency
7. fcru: CPU clock oscillation frequency
8. fxm XT1 clock oscillation frequency
9. fexciks: External subsystem clock frequency
10. fsus:  Subsystem clock frequency
11. fRL: Internal low-speed oscillation clock frequency

6.3 Registers Controlling Clock Generator
The following seven registers are used to control the clock generator.

e Processor clock control register (PCC)

o Internal oscillator mode register (RCM)

e Main clock mode register (MCM)

e Main OSC control register (MOC)

o Clock operation mode select register (OSCCTL)

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

(1) Processor clock control register (PCC)
This register is used to select the CPU clock and the division ratio.
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PCC to 01H.
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Figure 6-2. Format of Processor Clock Control Register (PCC)

Address: FFFBH  After reset: 01H  R/W"™'

Symbol 7 6 <5> <4> 3 2 1 0
PCC 0 0 cLs css o | poc2 | pcct | pcoo
CLS CPU clock status
0 Main system clock
1 Subsystem clock
csse? PCC2 PCC1 PCCO CPU clock (fcru) selection

0 0 0 0 fxp
0 0 1 fxe/2 (default)
0 1 0 fxp/2?
0 1 1 fxp/2°
1 0 0 fxp/2*

1 0 0 0 fsus/2
0 0 1
0 1 0
0 1 1
1 0 0

Other than above Setting prohibited

Notes 1. Bit 5 is read-only.
2. Be sure to switch CSS from 1 to 0 when bits 1 (MCS) and 0 (MCMO) of the main clock
mode register (MCM) are 1.

Caution Be sure to clear bits 3 and 6 to 0.

Remarks 1. fxp: Main system clock oscillation frequency
2. fsue: Subsystem clock frequency

The fastest instruction can be executed in 2 clocks of the CPU clock in the 78K0/FE2. Therefore, the relationship
between the CPU clock (fcru) and the minimum instruction execution time is as shown in Table 6-2.

Table 6-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fceu) Minimum Instruction Execution Time: 2/fcru
High-Speed System Clock"™ Internal high-speed Subsystem Clock
Oscillator Clock™*®
At 10 MHz At 20 MHz At 8 MHz (TYP.) Operation At 32.768 kHz Operation
Operation Operation
fxp 0.2 us 0.1 us 0.25 us (TYP.) -
fxp/2 0.4 us 0.2 us 0.5 us (TYP.) -
fxp/2? 0.8 us 0.4 us 1.0 us (TYP.) -
fxp/2° 1.6 us 0.8 us 2.0 us (TYP.) -
fxp/2* 3.2 us 1.6 us 4.0 us (TYP.) -
fsus/2 - - 122.1 us

Note The main clock mode register (MCM) is used to set the CPU clock (high-speed system clock/internal high-
speed oscillation clock) (see Figure 6-4).
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(2) Internal oscillator mode register (RCM)
This register sets the operation mode of internal oscillator.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 80H""".

Figure 6-3. Format of Internal Oscillator Mode Register (RCM)

Address: FFAOH  After reset: 80H"™ "' R/W""?

Symbol <7> 6 5 4 3 2 <1> <0>
RCM RSTS 0 0 0 0 ‘ 0 ‘ LSRSTOP ‘ RSTOP
RSTS Status of internal high-speed oscillator oscillation
0 Waiting for stabilization of internal high-speed oscillator oscillation in high-accuracy mode
(internal high-speed oscillator operation in low-accuracy mode)
1 Internal high-speed oscillator operation in high-accuracy mode
LSRSTOP Internal low-speed oscillator oscillating/stopped
0 Internal low-speed oscillator oscillating
1 Internal low-speed oscillator stopped
RSTOP Internal high-speed oscillator oscillating/stopped
0 Internal high-speed oscillator oscillating
1 Internal high-speed oscillator stopped

Notes 1. The value of this register is O0OH immediately after a reset release but automatically
changes to 80H after internal high-speed oscillator oscillation has been stabilized.
2. Bit 7 is read-only.

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

e When MCS = 1 (when CPU operates with the high-speed system clock)
e When CLS =1 (when CPU operates with the subsystem clock)
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(3) Main clock mode register (MCM)
This register selects the main system clock supplied to CPU clock and clock supplied to peripheral hardware
clock.
MCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6-4. Format of Main Clock Mode Register (MCM)

Address: FFA1H  After reset: 00H R/W"*

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

132

This register selects the

operation mode of the high-speed system clock.

This register is used to stop the X1 oscillator or to disable an external clock input from the EXCLK pin when the
CPU operates with a clock other than the high-speed system clock.

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

Reset signal generation sets this register to 80H.

Figure 6-5. Format of Main OSC Control Register (MOC)

Address: FFA2H After reset: 80H R/W

Symbol <7>

6

(é)]
N
w
N
—_
o

MOC MSTOP

0

o
o
o
o
o
o

MSTOP

Control of high-speed system clock operation

X1 oscillation mode External clock input mode

X1 oscillator operating External clock from EXCLK pin is enabled

X1 oscillator stopped External clock from EXCLK pin is disabled

Cautions 1.

When setting MSTOP to 1, be sure to confirm that the CPU operates with a clock

other than the high-speed system clock. Specifically, set MSTOP to 1 under

either of the following conditions.

e When MCS = 0 (when CPU operates with the internal high-speed oscillation
clock)

e When CLS =1 (when CPU operates with the subsystem clock)

In addition, stop peripheral hardware that is operating on the high-speed system

clock before setting MSTOP to 1.

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

register (OSCCTL) is 0.

The peripheral hardware cannot operate when the peripheral hardware clock is

stopped. To resume the operation of the peripheral hardware after the peripheral

hardware clock has been stopped, initialize the peripheral hardware.
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(5) Clock operation mode select register (OSCCTL)

This register selects the operation modes of the high-speed system and subsystem clocks.
OSCCTL can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6-6. Format of Clock Operation Mode Select Register (OSCCTL)

Address: FFEFH  After reset: OOH R/W

Symbol
OSCCTL

<7> <6> <5> <4> 3 2 1 <0>
EXCLK | OSGSEL | EXCLKS | OSCSELS o | o | o | AweH
EXCLK OSCSEL High-speed system P121/X1 pin P122/X2/EXCLK pin
clock operation mode

0 I/O port mode I/O port
1 X1 oscillation mode Crystal/ceramic resonator connection

1 0 1/0O port mode 1/0 port

1 1 External clock input I/O port External clock input

mode
EXCLKS | OSCSELS Subsystem clock P123/XT1 pin P124/XT2/EXCLKS pin
operation mode

0 0 I/O port mode I/O port
1 XT1 oscillation mode Crystal resonator connection

1 0 1/0O port mode 1/0 port

1 1 External clock input I/O port External clock input

mode
AMPH Operating frequency control
0 4 MHz < fx1 <10 MHz
1 10 MHz < fx1 < 20 MHz
Cautions 1. Be sure to set AMPH to 1 if the high-speed system clock oscillation frequency

exceeds 10 MHz.

. Set AMPH before setting the peripheral functions after a reset release. The value

of AMPH can be changed only once after a reset release. When the high-speed
system clock (X1 oscillation) is selected as the CPU clock, supply of the CPU
clock is stopped for 4.06 to 16.12 us after AMPH is set to 1. When the high-
speed system clock (external clock input) is selected as the CPU clock, supply of
the CPU clock is stopped for the duration of 160 external clocks after AMPH is
setto 1.

. If the STOP instruction is executed when AMPH = 1, supply of the CPU clock is

stopped for 4.06 to 16.12 us after the STOP mode is released when the internal
high-speed oscillation clock is selected as the CPU clock, or for the duration of
160 external clocks when the high-speed system clock (external clock input) is
selected as the CPU clock. When the high-speed system clock (X1 oscillation) is
selected as the CPU clock, the oscillation stabilization time is counted after the
STOP mode is released.

. AMPH can be changed only once after a reset release.
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134

Cautions 5. To change the value of EXCLK and OSCSEL, be sure to confirm that bit 7
(MSTOP) of the main OSC control register (MOC) is 1 (the X1 oscillator stops or
the external clock from the EXCLK pin is disabled).

6. To change the value of EXCLKS and OSCSELS, confirm that bit 5 (CLS) of the
processor clock control register (PCC) is 0 (the CPU is operating with the high-
speed system clock).

Remark fxH: High-speed system clock oscillation frequency
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(6) Oscillation stabilization time counter status register (OSTC)
This is the status register of the X1 clock oscillation stabilization time counter. If the internal high-speed
oscillation clock or subsystem clock is used as the CPU clock, the X1 clock oscillation stabilization time can be

checked.

OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of
MOC register) = 1 clear OSTC to 00H.

Figure 6-7. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: OOH R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 ‘ MOST15 ‘ MOST16 |
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=10MHz | fx=20 MHz
1 0 0 0 0 2"/fx min. | 204.8 zs min.| 102.4 s min.
1 1 0 0 0 2°fx min. | 819.2 zs min.| 409.6 1S min.
1 1 1 0 0 2"%fx min. | 1.64 ms min. | 819.2 5 min.
1 1 1 1 0 2%fx min. | 3.27 ms min. | 1.64 ms min.
1 1 1 1 1 2fx min. | 6.55 ms min. | 3.27 ms min.
Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and

remain 1.

If the STOP mode is entered and then released while the internal high-speed

oscillation clock or subsystem clock is being used as the CPU clock, set the

oscillation stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS

The oscillation stabilization time counter counts up to the oscillation

stabilization time set by OSTS. Note, therefore, that only the status up to the

oscillation stabilization time set by OSTS is set to OSTC after STOP mode is

released.

The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pinvoltage | l
waveform

Remark fx: X1 clock oscillation frequency
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(7) Oscillation stabilization time select register (OSTS)

This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
The wait time set by OSTS is valid only after the STOP mode is released with the X1 clock selected as the CPU
clock. After the STOP mode is released with the internal high-speed oscillation clock or subsystem clock
selected as the CPU clock, the oscillation stabilization time must be confirmed by OSTC.

OSTS can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets OSTS to 05H.

Figure 6-8. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

136

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 0OSTS2 ‘ OSTSH ‘ OSTS0
0OSTS2 OSTSH OSTS0 Oscillation stabilization time selection

fx =10 MHz fx =20 MHz
0 0 1 2"/fx 204.8 s 102.4 us
0 1 0 2"/fx 819.2 us 409.6 us
0 1 1 2"/fx 1.64 ms 819.2 us
1 0 0 2"/fx 3.27 ms 1.64 ms
1 0 1 2'%/fx 6.55 ms 3.27 ms
Other than above Setting prohibited
Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS

before executing the STOP instruction.

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

3. If the STOP mode is entered and then released while the internal high-speed
oscillation clock or subsystem clock is being used as the CPU clock, set the
oscillation stabilization time as follows.

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

4. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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6.4 System Clock Oscillator

6.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (4 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.

Figure 6-9 shows an example of the external circuit of the X1 oscillator.

Figure 6-9. Example of External Circuit of X1 Oscillator

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

| Vss
i
: —

X2

Crystal resonator
or
ceramic resonator

Cautions are listed on the next page.

6.4.2 XT1 oscillator

External clock ——————— |

EXCLK

The XT1 oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the XT1 and XT2 pins.
An external clock can also be input. In this case, input the clock signal to the EXCLKS pin.
Figure 6-10 shows an example of the external circuit of the XT1 oscillator.

Figure 6-10. Example of External Circuit of XT1 Oscillator

(a) Crystal oscillation

Vss
XT1

XT2

Caution is listed on the next page.

(b) External clock

External clock ————————
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Caution When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the
broken lines in the Figures 6-9 and 6-10 to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines. Do not route the wiring near a signal line
through which a high fluctuating current flows.

¢ Always make the ground point of the oscillator capacitor the same potential as Vss. Do not
ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

Note that the XT1 oscillator is designed as a low-amplitude circuit for reducing power
consumption.

Figure 6-11 shows examples of incorrect resonator connection.
Figure 6-11. Examples of Incorrect Resonator Connection (1/2)

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

0 {0
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Figure 6-11. Examples of Incorrect Resonator Connection (2/2)

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

Vop

Pmn

Vs X2

R AN
T 9 l
T

S
A . B TC
High current
77 cali

High current

(e) Signals are fetched

Vs! X2

Yo
T

[

e

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.

Caution When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1, resulting
in malfunctioning.
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6.4.3 When subsystem clock is not used
If it is not necessary to use the subsystem clock for low power consumption operations, or if not using the
subsystem clock as an 1/O port, set the XT1 and XT2 pins to I/O mode (OSCSELS = 0) and connect them as follows.

Input (PM123/PM124 =1):  Independently connect to Vob or Vss via a resistor.
Output (PM123/PM124 = 0): Leave open.

Remark OSCSELS: Bit 4 of clock operation mode select register (OSCCTL)
PM123, PM124: Bits 3 and 4 of port mode register 12 (PM12)

6.4.4 Internal high-speed oscillator

The internal high-speed oscillator is incorporated in the 78K0/FE2. Oscillation can be controlled by the internal
oscillator mode register (RCM).

After a RESET release, the internal high-speed oscillation clock starts oscillation (8 MHz (TYP.)).

6.4.5 Internal low-speed oscillator

The internal low-speed oscillator is incorporated in the 78K0/FE2.

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

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

After a RESET release, the internal low-speed oscillation clock starts oscillation and the watchdog timer is
operated (240 kHz (TYP.)).

6.4.6 Prescaler

The prescaler generates various clocks by dividing the main system clock when the main system clock is selected
as the clock to be supplied to the CPU.
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Figure 6-12 Operation of the clock generating circuit when power supply voltage injection
(When 1.59 V POC mode setup (option byte: LVISTART = 0))

Power supply
voltage (Vbp)

ov

Internal reset signal <1>
: Reset processing

1 <3> Waiting for (1110 45 s) Switched by
|voltage stabilization _/ 5>  software -5

I (1.93105.39ms) | ./ - — -
CPU clock : " Qntemal high-speed oscillation cIockX High-speed system clock X Subsystem clock
1<2> i
Internal high-speed H |—| |—| H |—| |—| |—| |—| |—| |—| |—| |—| |"‘| |—| |—| |—| |—| |—| |—| |—| |—| H |—| |—| |—|
oscillation clock (frH)
_ " Notel '
High-speed
system clock (fxx) <4>
(when X1 oscillation
selected) ; '

' X1 clock
oscillation stabilization time:

Subsystem clock (fsus) ) o 2"/ix to 2'¢/fxNote2
(when XT1 oscillation Starting X1 oscillaion  _g
is set by software.
selected)

Starting XT1 oscillation
is set by software.

<1> The internal reset signal by the power-on clear (POC) circuit is generated after a power supply injection.

<2> If power supply voltage exceeds 1.59 V (TYP.), reset will be released and the oscillation start of the high-
speed oscillator will be carried out automatically.

<3> If power supply voltage is rose by inclination of 0.5 V/ms (MAX.), after the voltage stable waiting time of a
power supply/regulator passed after reset release and reset processing will be performed, CPU carries out a
start of operation with high-speed oscillation clock .

<4> One clock or XT1 clock should set up an oscillation start by software (see (1) in 6.6.1 Controlling high-
speed system clock and (1) in 6.6.3 Example of controlling subsystem clock).

<5> When you change CPU to X1 clock or XT1 clock, set up a change by software after the oscillation stability
waiting of a clock (see (3) in 6.6.1 Controlling high-speed system clock and (3) in 6.6.3 Example of
controlling subsystem clock).

Notes 1. The internal voltage stabilization time includes the oscillation accuracy stabilization time of the internal
high-speed oscillation clock.

2. When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the
internal high-speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the
oscillation stabilization time counter status register (OSTC). If the CPU operates on the high-speed
system clock (X1 oscillation), set the oscillation stabilization time when releasing STOP mode using the
oscillation stabilization time select register (OSTS).
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Cautions 1. When the standup of voltage until it reaches 1.8 V from the time of a power supply injection is

remark

looser than 0.5 V/ms (MAX.), input a low level into RESET pin, or set up 2.7 V/1.59 V POC
mode (LVISTART = 1) from an option byte until it reaches 1.8 V from the time of a power
supply injection (refer to Figure 6-13). When a low level is inputted into RESET pin until it
reaches 1.8 V, after the reset release by RESET pin operates to the same timing as <2> of
Figure 6-12 or subsequent ones.

2. When using the external clock input from EXCLK pin and EXCLKS pin, oscillation stable

waiting time is unnecessary.

The clock which is not used as a CPU clock can be suspended by setup of software during
microcomputer operation. Moreover, high-speed oscillation clock and a high-speed system clock can
suspend a clock by execution of a STOP command (see (4) in 6.6.1 Controlling high-speed system
clock, (3) in 6.6.2 Example of controlling internal high-speed oscillation clock, and (4) in 6.6.3
Example of controlling subsystem clock).
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Figure 6-13 Operation of the clock generating circuit when power supply voltage injection
(When 2.7 V/1.59V POC mode setup (option byte: LVISTART = 1))

2.7V (TYP.)
Power supply
voltage (Vop)

oV

:
Internal reset signal |

:<3> Reset processing

' (11 to 45 us) Switched by
: ' software
' : <5> <5>

CPU clock < In})esr;ﬁ;{;:)%hjgffd X High-speed system clock X Subsystem clock

:<2>

oscillation clock (frH)
High-speed e ' :
(when X1 oscillation stabilization (86 to 361 us)
selected) 1 ‘

' X1 clock '
foscillation stabilization time:

) 2" to 21N
Subsystem clock (fsus) Starting X1 oscillation <4>
(when XT1 oscillation is set by software.

selected)

Starting XT1 oscillation
is set by software.

<1> The internal reset signal by the power-on clear (POC) circuit is generated after a power supply injection.

<2> If power supply voltage exceeds 1.59 V (TYP.), reset will be canceled and the oscillation start of the high-
speed oscillator will be carried out automatically.

<3> After reset release, after reset processing is performed, CPU carries out a start of operation with high-speed
oscillation clock.

<4> X1 clock or XT1 clock should set up an oscillation start by software (see (1) in 6.6.1 Controlling high-
speed system clock and (1) in 6.6.3 Example of controlling subsystem clock).

<5> When you change CPU to X1 clock or XT1 clock, set up a change by software after the oscillation stability
waiting of a clock (see (3) in 6.6.1 Controlling high-speed system clock and (3) in 6.6.3 Example of
controlling subsystem clock).

Note Check the oscillation stable time of X1 clock with an oscillation stable time counter status register (OSTC)
when STOP mode release in case the time of reset release (figure 6-13) and a CPU clock are high-speed
oscillation clocks . Moreover, when a CPU clock is a high-speed system clock (X1 oscillation), set up the
oscillation stable time at the time of STOP mode release by the oscillation stable time selection register
(OSTS).

Cautions 1. A voltage oscillation stabilization time of 1.93 to 5.39 ms is required after the supply voltage
reaches 1.59 V (TYP.). If the supply voltage rises from 1.59 V (TYP.) to 2.7 V (TYP.) within 1.93
ms, the power supply oscillation stabilization time of 0 to 5.39 ms is automatically generated
before reset processing.

2. It is not necessary to wait for the oscillation stabilization time when an external clock input
from the EXCLK and EXCLKS pins is used.
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remark The clock which is not used as a CPU clock can be suspended by setup of software during
microcomputer operation. Moreover, high-speed oscillation clock and a high-speed system clock can
suspend a clock by execution of a STOP command (see (4) in 6.6.1 Controlling high-speed system
clock, (3) in 6.6.2 Example of controlling internal high-speed oscillation clock, and (4) in 6.6.3

Example of controlling subsystem clock).

6.6 Controlling Clock

6.6.1 Controlling high-speed system clock
The following two types of high-speed system clocks are available.

e X1 clock:

When the high-speed system clock is not used, the X1/P121 and X2/EXCLK/P122 pins can be used as I/O port

pins.

Crystal/ceramic resonator is connected across the X1 and X2 pins.
o External main system clock: External clock is input to the EXCLK pin.

Caution The X1/P121 and X2/EXCLK/P122 pins are in the I/O port mode after a reset release.

The following describes examples of setting procedures for the following cases.

(1) When oscillating X1 clock

(2) When using external main system clock
(3) When using high-speed system clock as CPU clock and peripheral hardware clock
(4) When stopping high-speed system clock

(1) Example of setting procedure when oscillating the X1 clock
<1> Setting frequency (OSCCTL register)
Using AMPH, set the gain of the on-chip oscillator according to the frequency to be used.

AMPH""

Operating Frequency Control

0

4 MHz < fx1 < 10 MHz

1

10 MHz < fx1 < 20 MHz

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can
be changed only once after a reset release. When AMPH is set to 1, the clock supply to the CPU

is stopped for 4.06 to 16.12 us.

Remark fxH: High-speed system clock oscillation frequency

<2> Setting P121/X1 and P122/X2/EXCLK pins and selecting X1 clock or external clock (OSCCTL register)
When EXCLK is cleared to 0 and OSCSEL is set to 1, the mode is switched from port mode to X1

oscillation mode.

EXCLK

OSCSEL | Operation Mode of High-
Speed System Clock Pin

P121/X1 Pin

P122/X2/EXCLK Pin

1 X1 oscillation mode

Crystal/ceramic resonator connection

<3> Controlling oscillation of X1 clock (MOC register)

If MSTORP is cleared to 0, the X1 oscillator starts oscillating.
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<4> Waiting for the stabilization of the oscillation of X1 clock
Check the OSTC register and wait for the necessary time.
During the wait time, other software processing can be executed with the internal high-speed oscillation
clock.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the X1 clock is operating.
2. Set the X1 clock after the supply voltage has reached the operable voltage of the clock to
be used (see CHAPTER 27 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS) or
CHAPTER 28 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS)).

(2) Example of setting procedure when using the external main system clock
<1> Setting frequency (OSCCTL register)
Using AMPH, set the frequency to be used.

AMPH"" Operating Frequency Control
0 4 MHz < fxn <10 MHz
1 10 MHz < fxn < 20 MHz

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can
be changed only once after a reset release. The clock supply to the CPU is stopped for the
duration of 160 external clocks after AMPH is set to 1.

Remark fxH: High-speed system clock oscillation frequency

<2> Setting P121/X1 and P122/X2/EXCLK pins and selecting operation mode (OSCCTL register)
When EXCLK and OSCSEL are set to 1, the mode is switched from port mode to external clock input

mode.
EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin
1 1 External clock input mode | I/O port External clock input

<3> Controlling external main system clock input (MOC register)
When MSTORP is cleared to 0, the input of the external main system clock is enabled.

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

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

(See 6.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of

setting procedure when using the external main system clock.)

Note The setting of <1> is not necessary when high-speed system clock is already operating.
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<2> Setting the high-speed system clock as the main system clock (MCM register)
When XSEL and MCMO are set to 1, the high-speed system clock is supplied as the main system clock
and peripheral hardware clock.

XSEL

MCMo

Selection of Main System Clock and Clock Supplied to Peripheral Hardware

Main System Clock (fxp)

Peripheral Hardware Clock (fers)

1

1

High-speed system clock (fxH)

High-speed system clock (fxH)

Caution

<3> Setting the main system clock as the CPU clock and selecting the division ratio (PCC register)

If the high-speed system clock is selected as the main system clock, a clock other than

the high-speed system clock cannot be set as the peripheral hardware clock.

When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock
division ratio, use PCCO0, PCC1, and PCC2.

CSSs PCC2 PCCA1 PCCO CPU Clock (fcru) Selection
0 0 0 0 fxp
0 0 1 fxe/2 (default)
0 1 0 fxp/2°
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

(4) Example of setting procedure when stopping the high-speed system clock
The high-speed system clock can be stopped in the following two ways.

¢ Executing the STOP instruction and stopping the X1 oscillation (disabling clock input if the external clock is

used)

e Setting MSTOP to 1 and stopping the X1 oscillation (disabling clock input if the external clock is used)

(a) To execute a STOP instruction

<1> Setting to stop peripheral hardware

Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that
cannot be used in STOP mode, see CHAPTER 18 STANDBY FUNCTION).

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

<3> Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and X1 oscillation
is stopped (the input of the external clock is disabled).
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(b) To stop X1 oscillation (disabling external clock input) by setting MSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the high-speed system
clock.
When CLS = 0 and MCS = 1, the high-speed system clock is supplied to the CPU, so change the
CPU clock to the subsystem clock or internal high-speed oscillation clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock
1 x Subsystem clock

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

Caution Be sure to confirm that MCS = 0 or CLS = 1 when setting MSTOP to 1. In addition, stop
peripheral hardware that is operating on the high-speed system clock.

6.6.2 Example of controlling internal high-speed oscillation clock

The following describes examples of clock setting procedures for the following cases.

(1)
(@)

(3)

1

)

148

When restarting oscillation of the internal high-speed oscillation clock

When using internal high-speed oscillation clock as CPU clock, and internal high-speed oscillation clock or
high-speed system clock as peripheral hardware clock

When stopping the internal high-speed oscillation clock

Example of setting procedure when restarting oscillation of the internal high-speed oscillation clock™"’
<1> Setting restart of oscillation of the internal high-speed oscillation clock (RCM register)
When RSTOP is cleared to 0, the internal high-speed oscillation clock starts operating.

<2> Waiting for the oscillation accuracy stabilization time of internal high-speed oscillation clock (RCM
register)
Wait until RSTS is set to 12,

Notes 1. After a reset release, the internal high-speed oscillator automatically starts oscillating and the
internal high-speed oscillation clock is selected as the CPU clock.
2. This wait time is not necessary if high accuracy is not necessary for the CPU clock and peripheral
hardware clock.

Example of setting procedure when using internal high-speed oscillation clock as CPU clock, and
internal high-speed oscillation clock or high-speed system clock as peripheral hardware clock
<1> e Restarting oscillation of the internal high-speed oscillation clock™"
(See 6.6.2 (1) Example of setting procedure when restarting internal high-speed oscillation
clock).
¢ Oscillating the high-speed system clock™*
(This setting is required when using the high-speed system clock as the peripheral hardware clock.
See 6.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of
setting procedure when using the external main system clock.)
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Note The setting of <1> is not necessary when the internal high-speed oscillation clock or high-
speed system clock is already operating.

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

Set the main system clock and peripheral hardware clock using XSEL and MCMO.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (frrs)
0 Internal high-speed oscillation clock | Internal high-speed oscillation clock
1 (frH) (frH)
1 0 High-speed system clock (fxH)

<3> Selecting the CPU clock division ratio (PCC register)
When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock
division ratio, use PCCO0, PCC1, and PCC2.

CSSs PCC2 PCCA1 PCCO CPU Clock (fcru) Selection
0 0 0 fxp
0 1 fxp/2 (default)
0 1 0 fxp/2?
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

(3) Example of setting procedure when stopping the internal high-speed oscillation clock
The internal high-speed oscillation clock can be stopped in the following two ways.

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

(a) To execute a STOP instruction
<1> Setting of peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that

cannot be used in STOP mode, see CHAPTER 18 STANDBY FUNCTION).

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

<3> Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and internal high-
speed oscillation clock is stopped.
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(b) To stop internal high-speed oscillation clock by setting RSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the internal high-speed
oscillation clock.
When CLS = 0 and MCS = 0, the internal high-speed oscillation clock is supplied to the CPU, so
change the CPU clock to the high-speed system clock or subsystem clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock
1 X Subsystem clock

<2> Stopping the internal high-speed oscillation clock (RCM register)
When RSTOP is set to 1, internal high-speed oscillation clock is stopped.

Caution Be sure to confirm that MCS = 1 or CLS = 1 when setting RSTOP to 1. In addition, stop
peripheral hardware that is operating on the internal high-speed oscillation clock.

6.6.3 Example of controlling subsystem clock
The following two types of subsystem clocks are available.

e XT1 clock: Crystal/ceramic resonator is connected across the XT1 and XT2 pins.
o External subsystem clock: External clock is input to the EXCLKS pin.

When the subsystem clock is not used, the XT1/P123 and XT2/EXCLKS/P124 pins can be used as I/O port pins.
Caution The XT1/P123 and XT2/EXCLKS/P124 pins are in the I/0O port mode after a reset release.

The following describes examples of setting procedures for the following cases.
(1) When oscillating XT1 clock

(2) When using external subsystem clock

(3) When using subsystem clock as CPU clock

(4) When stopping subsystem clock

(1) Example of setting procedure when oscillating the XT1 clock
<1> Setting XT1 and XT2 pins and selecting operation mode (PCC and OSCCTL registers)
When XTSTART, EXCLKS, and OSCSELS are set as any of the following, the mode is switched from
port mode to XT1 oscillation mode.

XTSTART | EXCLKS |OSCSELS| Operation Mode of P123/XT1 Pin P124/XT2/
Subsystem Clock Pin EXCLKS Pin
0 0 1 XT1 oscillation mode | Crystal/ceramic resonator connection
1 X X

Remark x: don’t care

<2> Waiting for the stabilization of the subsystem clock oscillation
Wait for the oscillation stabilization time of the subsystem clock by software, using a timer function.

Caution Do not change the value of XTSTART, EXCLKS, and OSCSELS while the subsystem clock is
operating.
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(2) Example of setting procedure when using the external subsystem clock
<1> Setting XT1 and XT2 pins, selecting XT1 clock/external clock and controlling oscillation (PCC and
OSCCTL registers)
When XTSTART is cleared to 0 and EXCLKS and OSCSELS are set to 1, the mode is switched from
port mode to external clock input mode. In this case, input the external clock to the EXCLKS/XT2/P124

pins.
XTSTART | EXCLKS | OSCSELS | Operation Mode of P123/XT1 Pin P124/XT2/
Subsystem Clock Pin EXCLKS Pin
0 1 1 External clock input I/O port External clock input
mode

Caution Do not change the value of XTSTART, EXCLKS, and OSCSELS while the subsystem clock is
operating.

(3) Example of setting procedure when using the subsystem clock as the CPU clock
<1> Setting subsystem clock oscillation"
(See 6.6.3 (1) Example of setting procedure when oscillating the XT1 clock and (2) Example of

setting procedure when using the external subsystem clock.)
Note The setting of <1> is not necessary when while the subsystem clock is operating.

<2> Switching the CPU clock (PCC register)
When CSS is set to 1, the subsystem clock is supplied to the CPU.

CSS PCC2 PCC1 PCCO CPU Clock (fcru) Selection
1 0 0 0 fsus/2
0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited

(4) Example of setting procedure when stopping the subsystem clock
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the subsystem clock.
When CLS = 1, the subsystem clock is supplied to the CPU, so change the CPU clock to the internal
high-speed oscillation clock or high-speed system clock.

CLS MCS CPU Clock Status
0 Internal high-speed oscillation clock
1 High-speed system clock
1 x Subsystem clock

<2> Stopping the subsystem clock (OSCCTL register)
When OSCSELS is cleared to 0, XT1 oscillation is stopped (the input of the external clock is disabled).

Cautions 1. Be sure to confirm that CLS = 0 when clearing OSCSELS to 0. In addition, stop the watch
timer if it is operating on the subsystem clock.
2. The subsystem clock oscillation cannot be stopped using the STOP instruction.
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6.6.4 Controlling internal low-speed oscillation clock
The internal low-speed oscillation clock is a clock for the watchdog timer. It cannot be used as the CPU clock.
With this clock, only the following peripheral hardware can operate.

o Watchdog timer
o 8-bit timer H1 (if frL is selected as the count clock)

In addition, the following operation modes can be selected by the option byte.

» Internal low-speed oscillation clock oscillation cannot be stopped
« Internal low-speed oscillation clock oscillation can be stopped by software

After a reset release, the internal low-speed oscillation clock automatically oscillates.

(1) To stop the internal low-speed oscillation clock (example of setting method)
<1> Setting LSRSTOP to 1 (RCM register)
If LSRSTORP is set to 1, the internal low-speed oscillator oscillation is stopped.

(2) To oscillate the internal low-speed oscillation clock (example of setting method)
<1> Clearing LSRSTOP to 0 (RCM register)
If LSRSTORP is cleared to 0, the internal low-speed oscillation clock is oscillated.

Caution If “internal low-speed oscillation clock oscillation cannot be stopped” is selected by the option
byte, oscillation of the internal low-speed oscillation clock cannot be controlled.

6.6.5 Clocks supplied to CPU and peripheral hardware
The following table shows the relation among the clocks supplied to the CPU and peripheral hardware, and setting
of registers.

Table 6-3. Clocks Supplied to CPU and Peripheral Hardware, and Register Setting

XSEL CSSs MCMO EXCLK Supplied Clock
Clock Supplied to CPU Clock Supplied to Peripheral
Hardware
0 0 X X Internal high-speed oscillation clock
0 1 X X Subsystem clock Internal high-speed oscillation
clock
1 0 0 0 Internal high-speed oscillation X1 clock
1 0 0 1 clock External main system clock
1 0 1 0 X1 clock
1 0 1 1 External main system clock
1 1 0 0 Subsystem clock X1 clock
1 1 0 1 External main system clock
1 1 1 0 X1 clock
1 1 1 1 External main system clock

Remarks 1. XSEL: Bit 2 of the main clock mode register (MCM)
2. CSSs: Bit 4 of the processor clock control register (PCC)
3. MCMO: Bit 0 of MCM
4. EXCLK: Bit 7 of the clock operation mode select register (OSCCTL)
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6.6.6 CPU clock status transition diagram
Figure 6-14 shows the CPU clock status transition diagram of this product.

Figure 6-14. CPU Clock Status Transition Diagram

Internal low-speed oscillation: Woken up

Internal high-speed oscillation: Woken up

X1 oscillation/EXCLK input: Stops (I/O port mode)
XT1 oscillation/EXCLKS input: Stops (I/O port mode)

________________________________________ W oo Voo ASOVYR)

Internal low-speed oscillation: Operable
Internal high-speed oscillation:
Selectable by CPU

X1 oscillation/EXCLK input:

Selectable by CPU

XT1 oscillation/EXCLKS input: Operating

(D

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

Selectable by CPU

XT1 oscillation/EXCLKS input:
Selectable by CPU

(B)

~

CPU: Operating
with XT1 oscillation or
EXCLKS input

CPU: XT1
oscillation/EXCLKS
input — HALT

Internal low-speed oscillation: Operable
Internal high-speed oscillation: Operable
X1 oscillation/EXCLK input: Operable
XT1 oscillation/EXCLKS input:
Operating

with X1 oscillation or

Voo > 1.59 V (TYP.)

Internal low-speed oscillation: Operating

Internal high-speed oscillation: Operating

X1 oscillation/EXCLK input: Stops (I/O port mode)
XT1 oscillation/EXCLKS input: Stops (I/O port mode)

-'v Vob 2 1.8 V (MIN.)
CPU: Operating
with internal high- (H)

Internal low-speed oscillation:

speed osdliatio \ CPU: Internal high- Operable
speed oscillation Internal high-speed oscillation:
Stops

- STOP X1 oscillation/EXCLK input: Stops

XT1 oscillation/EXCLKS input:
Operable

(E)

CPU: Internal high-
speed oscillation
— HALT

Internal low-speed oscillation:
Operable

Internal high-speed oscillation:
Operating

X1 oscillation/EXCLK input: Operable
XT1 oscillation/EXCLKS input:
Operable

CPU: Operating

EXCLK input

Internal low-speed oscillation: Operable
Internal high-speed oscillation:
Selectable by CPU

X1 oscillation/EXCLK input: Operating
XT1 oscillation/EXCLKS input:

Remark

Selectable by CPU

CPU: X1
oscillation/EXCLK
input - STOP.

(F)
CPU: X1 Internal low-speed oscillation:

oscillation/EXCLK
input - HALT

Operable

Internal high-speed oscillation:
Stops

X1 oscillation/EXCLK input: Stops
XT1 oscillation: Operable

Internal low-speed oscillation:

Operable

Internal high-speed oscillation:
Operable

X1 oscillation/EXCLK input: Operating
XT1 oscillation/EXCLKS input: Operable

In the 2.7 V/1.59 V POC mode (option byte: LVISTART = 1), the CPU clock status changes to (A) in the

above figure when the supply voltage exceeds 2.7 V (TYP.), and to (B) after reset processing (11 to 45

us).
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Table 6-4 shows transition of the CPU clock and examples of setting the SFR registers.

Table 6-4. CPU Clock Transition and SFR Register Setting Examples (1/4)

(1) CPU operating with high-speed system clock (C) after reset release (A)
(The CPU operates with the internal high-speed oscillation clock immediately after a reset release (B).)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register | AMPH EXCLK | OSCSEL | MSTOP | OSTC XSEL MCMO

Status Transition Register

(A) = (B) = (C) (X1 clock: less than 10 MHz) 0 0 1 0 Must be 1 1
checked

(A) = (B) - (C) (external main clock: less than 10 0 1 1 0 Must not be 1 1

MHz) checked

(A) = (B) = (C) (X1 clock: 10 MHz or more) 1 0 1 0 Must be 1 1
checked

(A) = (B) — (C) (external main clock: 10 MHz or 1 1 1 0 Must not be 1 1

more) checked

(2) CPU operating with internal high-speed oscillation clock (B) after reset release (A)
Status Transition SFR Register Setting
(A) —> (B) SFR registers do not have to be set (default status after reset release).
(8) CPU operating with subsystem clock (D) after reset release (A)
(The CPU operates with the internal high-speed oscillation clock immediately after a reset release (B).)
(Setting sequence of SFR registers) >
Setting Flag of SFR Register EXCLKS OSCSELS Waiting for CSS
Oscillation

Status Transition Stabilization

(A) > (B) — (D) (XT1 clock) 0 1 Necessary 1

(A) = (B) — (D) (external subsystem clock) 1 1 Unnecessary 1

Remarks 1. (A) to (I) in Table 6-4 correspond to (A) to (l) in Figure 6-14.
2. EXCLK, OSCSEL, EXCLKS, OSCSELS, AMPH:
Bits 7 to 4 and 0 of the clock operation mode select register (OSCCTL)

MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO: Bits 2 and 0 of the main clock mode register (MCM)
CSS: Bit 4 of the processor clock control register (PCC)
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Table 6-4. CPU Clock Transition and SFR Register Setting Examples (2/4)

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

(Setting sequence of SFR registers) >
Setting Flag of SFR Register | AMPH EXCLK | OSCSEL | MSTOP OSTC XSEL MCMO

Status Transition Register

(B) = (C) (X1 clock: less than 10 MHz) 0 0 1 0 Must be 1 1
checked

(B) — (C) (external main clock: less than 10 MHz) 0 1 1 0 Must not be 1 1
checked

(B) = (C) (X1 clock: 10 MHz or more) 1 0 1 0 Must be 1 1
checked

(B) — (C) (external main clock: 10 MHz or more) 1 1 1 0 Must not be 1 1
checked

~ 1

Unnecessary if these registers
are already set

Unnecessary if the
CPU is operating
with the high-speed
system clock

Unnecessary if this
register is already
set

(5) CPU clock changing from internal high-speed oscillation clock (B) to subsystem clock (D)

(Setting sequence of SFR registers)

v

Status Transition

Setting Flag of SFR Register

EXCLKS

OSCSELS

Waiting for
Oscillation
Stabilization

CSS

(B) - (D) (XT1 clock)

Necessary

(B) — (D) (external subsystem clock)

Unnecessary

Unnecessary if the CPU is operating
with the subsystem clock

Remarks 1. (A) to (I) in Table 6-4 correspond to (A) to (l) in Figure 6-14.
2. EXCLK, OSCSEL, EXCLKS, OSCSELS, AMPH:
Bits 7 to 4 and 0 of the clock operation mode select register (OSCCTL)

MSTOP:

Bit 7 of the main OSC control register (MOC)

XSEL, MCMO: Bits 2 and 0 of the main clock mode register (MCM)

CSS:
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Table 6-4. CPU Clock Transition and SFR Register Setting Examples (3/4)

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

(Setting sequence of SFR registers) >
Setting Flag of SFR Register RSTOP RSTS MCMO
Status Transition
(C) > (B) 0 Confirm this flag is 1. 0
Unnecessary if the CPU is operating
with the internal high-speed oscillation clock
(7) CPU clock changing from high-speed system clock (C) to subsystem clock (D)
(Setting sequence of SFR registers) >
Setting Flag of SFR Register EXCLKS OSCSELS Waiting for CSS
Oscillation
Status Transition Stabilization
(C) - (D) (XT1 clock) 0 1 Necessary 1
(C) — (D) (external subsystem clock) 1 1 Unnecessary 1
Unnecessary if the CPU is operating
with the subsystem clock
(8) CPU clock changing from subsystem clock (D) to high-speed system clock (C)
(Setting sequence of SFR registers) >

etting Flag of SFR Register | AMPH | EXCLK | OSCSEL | MSTOP | OSTC XSEL MCMO CSSs
Status Transition Register
(D) — (C) (X1 clock: less than 10 MHz) 0 0 1 0 Must be 1 1 0
checked
(D) — (C) (external main clock: less than 0 1 1 0 Must not be 1 1 0
10 MHz) checked
(D) — (C) (X1 clock: 10 MHz or more) 1 0 1 0 Must be 1 1 0
checked
(D) — (C) (external main clock: 10 MHz or 1 1 1 0 Must not be 1 1 0
more) checked
~ D
Unnecessary if these registers  Unnecessary if the  Unnecessary if this register is
are already set CPU is operating already set

with the high-speed
system clock

Remarks 1. (A) to (I) in Table 6-4 correspond to (A) to (l) in Figure 6-14.
2. EXCLK, OSCSEL, EXCLKS, OSCSELS, AMPH:
Bits 7 to 4 and 0 of the clock operation mode select register (OSCCTL)

MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO: Bits 2 and 0 of the main clock mode register (MCM)
CSS: Bit 4 of the processor clock control register (PCC)

RSTS, RSTOP: Bits 7 and 0 of the internal oscillator mode register (RCM)
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Table 6-4. CPU Clock Transition and SFR Register Setting Examples (4/4)

(9) CPU clock changing from subsystem clock (D) to internal high-speed oscillation clock (B)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register RSTOP RSTS MCMO css

Status Transition

(D) —» (B) 0 Confirm this flag 0 0
is 1.

Ar

Unnecessary if the CPU is operating with  Unnecessary if
the internal high-speed oscillation clock XSEL is 0

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

Status Transition Setting

(B) — (E) Executing HALT instruction
(C) - (F)
(D) - (G)

(11) e« STOP mode (H) set while CPU is operating with internal high-speed oscillation clock (B)
¢ STOP mode (l) set while CPU is operating with high-speed system clock (C)

(Setting sequence)

v

Status Transition Setting

(B) = (H) Stopping peripheral functions that Executing STOP instruction
C) - cannot operate in STOP mode

Remarks 1. (A) to (I) in Table 6-4 correspond to (A) to (I) in Figure 6-14.
2. MCMO: Bit 0 of the main clock mode register (MCM)
CSS: Bit 4 of the processor clock control register (PCC)
RSTS, RSTOP: Bits 7 and 0 of the internal oscillator mode register (RCM)

User's Manual U17554EJ4VOUD 157




CHAPTER 6 CLOCK GENERATOR

6.6.7 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 6-5. Changing CPU Clock

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Internal high- X1 clock Stabilization of X1 oscillation ¢ Internal high-speed oscillator can be

speed oscillation
clock

¢ MSTOP =0, OSCSEL =1, EXCLK =0
o After elapse of oscillation stabilization time

stopped (RSTOP = 1).
o Clock supply to CPU is stopped for 4.06
to 16.12 us after AMPH has been set to 1.

External main
system clock

Enabling input of external clock from EXCLK
pin
¢ MSTOP =0, OSCSEL =1, EXCLK = 1

e Internal high-speed oscillator can be
stopped (RSTOP = 1).

o Clock supply to CPU is stopped for the
duration of 160 external clocks from the
EXCLK pin after AMPH has been set to 1.

X1 clock

External main
system clock

Internal high-
speed oscillation
clock

Oscillation of internal high-speed oscillator
¢ RSTOP =0

X1 oscillation can be stopped (MSTOP = 1).

External main system clock input can be
disabled (MSTOP = 1).

Internal high- XT1 clock Stabilization of XT1 oscillation Operating current can be reduced by

speed oscillation o XTSTART =0, EXCLKS =0, stopping internal high-speed oscillator
clock OSCSELS =1, or XTSTART =1 (RSTOP =1).

X1 clock * After elapse of oscillation stabilization time | y{ yscillation can be stopped (MSTOP = 1).
External main External main system clock input can be
system clock disabled (MSTOP = 1).

Internal high- External Enabling input of external clock from Operating current can be reduced by

speed oscillation
clock

X1 clock

External main
system clock

subsystem clock

EXCLKS pin
* XTSTART =0, EXCLKS =1,
OSCSELS =1

stopping internal high-speed oscillator
(RSTOP =1).

X1 oscillation can be stopped (MSTOP = 1).

External main system clock input can be
disabled (MSTOP = 1).

XT1 clock,
external
subsystem clock

Internal high-
speed oscillation
clock

Oscillation of internal high-speed oscillator
and selection of internal high-speed
oscillation clock as main system clock

¢ RSTOP =0, MCS =0

XT1 oscillation can be stopped or external
subsystem clock input can be disabled
(OSCSELS =0).

X1 clock

Stabilization of X1 oscillation and selection
of high-speed system clock as main system
clock

¢ MSTOP =0, OSCSEL =1, EXCLK =0

o After elapse of oscillation stabilization time
e MCS =1

o XT1 oscillation can be stopped or external
subsystem clock input can be disabled
(OSCSELS = 0).

o Clock supply to CPU is stopped for 4.06
to 16.12 us after AMPH has been set to 1.

External main
system clock

Enabling input of external clock from EXCLK
pin and selection of high-speed system
clock as main system clock

¢ MSTOP =0, OSCSEL =1, EXCLK = 1

e MCS =1

o XT1 oscillation can be stopped or external
subsystem clock input can be disabled
(OSCSELS = 0).

o Clock supply to CPU is stopped for the
duration of 160 external clocks from the
EXCLK pin after AMPH has been set to 1.

158

User's Manual U17554EJ4V0OUD




CHAPTER 6 CLOCK GENERATOR

6.6.8 Time required for switchover of CPU clock and main system clock

By setting bits 0 to 2 (PCCO to PCC2) and bit 4 (CSS) of the processor clock control register (PCC), the CPU clock
can be switched (between the main system clock and the subsystem clock) and the division ratio of the main system
clock can be changed.

The actual switchover operation is not performed immediately after rewriting to PCC; operation continues on the
pre-switchover clock for several clocks (see Table 6-6).

Whether the CPU is operating on the main system clock or the subsystem clock can be ascertained using bit 5
(CLS) of the PCC register.

Table 6-6. Time Required for Switchover of CPU Clock and Main System Clock Cycle Division Factor

Set Value Before Set Value After Switchover
Switchover
CSS |PCC2|PCC1{PCCO| €SS |PCC2|PCC1|PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1|PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1{PCCO
ofofofofofofoft1|ofoft1|ofofOf1|[1|O|1|[O|O|[1|x]|x]x
0o|j0|0]|O 16 clocks 16 clocks 16 clocks 16 clocks 2fxp/fsus clocks
0|01 8 clocks 8 clocks 8 clocks 8 clocks fxp/fsus clocks
o|1}|0 4 clocks 4 clocks 4 clocks 4 clocks fxp/2fsus clocks
o 1|1 2 clocks 2 clocks 2 clocks 2 clocks fxp/4fsus clocks
100 1 clock 1 clock 1 clock 1 clock fxr/8fsus clocks
1 x| x| x 2 clocks 2 clocks 2 clocks 2 clocks 2 clocks

Caution Selection of the main system clock cycle division factor (PCC0O to PCC2) and switchover from
the main system clock to the subsystem clock (changing CSS from 0 to 1) should not be set
simultaneously.

Simultaneous setting is possible, however, for selection of the main system clock cycle
division factor (PCCO to PCC2) and switchover from the subsystem clock to the main system
clock (changing CSS from 1 to 0).

Remarks 1. The number of clocks listed in Table 6-6 is the number of CPU clocks before switchover.
2. When switching the CPU clock from the main system clock to the subsystem clock, calculate the
number of clocks by rounding up to the next clock and discarding the decimal portion, as shown
below.

Example When switching CPU clock from fxp/2 to fsus/2 (@ oscillation with fxr = 10 MHz, fsus =
32.768 kHz)
fxp/fsus = 10000/32.768 = 305.1 — 306 clocks

By setting bit 0 (MCMO) of the main clock mode register (MCM), the main system clock can be switched (between
the internal high-speed oscillation clock and the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to MCMO; operation continues on the
pre-switchover clock for several clocks (see Table 6-7).

Whether the CPU is operating on the internal high-speed oscillation clock or the high-speed system clock can be
ascertained using bit 1 (MCS) of MCM.
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Table 6-7. Maximum Time Required for Main System Clock Switchover

Set Value Before Switchover Set Value After Switchover

MCMO MCMO

0 1

1 + 2frr/fxn clock

1 + 2fxn/frH clock

Caution When switching the internal high-speed oscillation clock to the high-speed system clock, bit 2
(XSEL) of MCM must be set to 1 in advance. The value of XSEL can be changed only once after a

reset release.

Remarks 1. The number of clocks listed in Table 6-7 is the number of main system clocks before switchover.
2. Calculate the number of clocks in Table 6-7 by removing the decimal portion.

Example When switching the main system clock from the internal high-speed oscillation clock to the

1+ 2fr/fxi=1+2x810=1+2x08=1+1.6=2.6 — 2clocks

6.6.9 Conditions before clock oscillation is stopped

high-speed system clock (@ oscillation with frH = 8 MHz, fxH = 10 MHz)

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 6-8. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

External subsystem clock

(The CPU is operating on a clock other than the subsystem clock)

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
Internal high-speed MCS=1o0rCLS =1 RSTOP =1
oscillation clock (The CPU is operating on a clock other than the internal high-speed
oscillation clock)
X1 clock MCS=0o0rCLS =1 MSTOP = 1
External main system clock (The CPU is operating on a clock other than the high-speed system clock)
XT1 clock CLS=0 OSCSELS =0
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The 78K0/FE2 incorporates 16-bit timer/event counters 00 to 03.

7.1 Functions of 16-Bit Timer/Event Counters 00 to 03

16-bit timer/event counters 00 to 03 have the following functions.

e Interval timer
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7.2 Configuration of 16-Bit Timer/Event Counters 00 to 03

16-bit timer/event counters 00 to 03 include the following hardware.

Table 7-1. Configuration of 16-Bit Timer/Event Counters 00 to 03

ltem

Configuration

Timer counter

16 bits (TMOn)

Register

16-bit timer capture/compare register: 16 bits (CROOn, CR01n)

Timer input

TIOON, TI01n

Timer output

TOON, output controller

Control registers

16-bit timer mode control register On (TMCOn)

16-bit timer capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCON)

Prescaler mode register On (PRMON)

Port mode register 0, 3, 13 (PM0, PM3, PM13)

Port register 0, 3, 13 (PO, P3, P13)

Remark n=0to 3

Figures 7-1 to 7-4 show the block diagrams.

Figure 7-1. Block Diagram of 16-Bit Timer/Event Counter 00

S Internal bus S
Capture/compare control
register 00 (CRCO00)
5
8 INTTMO000
Noise rg 16-bit timer capture/compare L
TI010/TO00/P01 ©——={ eIirtni- ﬁ register 000 (CR000)
nator
M Match
frrRs —] ﬁ
frrs/22 ——=| % —
fprs/28 2 16-bit timer counter 00 Clear
_J (TM00) :| Output
[ controller ) > ’.
Noise Match
fers elimi-| 12 Output latch
nator (P01) PMO1
I Noise 16-bit timer capture/compare
TI000/P00 © ﬁg@; I register 010 (CR010)
g INTTMO10
5]
CRC002 —
PRMO01 PRM000 [mcoosiTmcao2 TmcoofovFoo] [ospToolospEoolTocoodLvsoo LVRoolrocaoiToE0]
16-bit timer mode 16-bit timer output
Pre.scaler mode control register 00 control register 00
register 00 (PRM00) iy (TMCO00) (TOCO00)

§

Internal bus
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Figure 7-2. Block Diagram of 16-Bit Timer/Event Counter 01

S Internal bus S
Capture/compare control
register 01 (CRCO1)
s
% INTTMOO1
Noise [_:8: 16-bit timer capture/compare 2
TI011/TO01/P06 ©——~{ eIirtni- § register 001 (CR001)
nator
U Match
frrRs —=] ﬁ
frrs/2% ——=| g ——
frrs/26 § 16-bit timer counter 01 Clear
) (TMo) Output TOO01/TI011/
[ [ controller ’ ’. © P06
Noise Match
fpRs —= elimi- | 12 Output latch
nator (P06) PMo6
I Noise 16-bit timer capture/compare
Tl001/P0s © ﬁgf[g'r' ] register 011 (CRO11)
»E‘ INTTMO11
2]
CRCO012 j—
PRMO11|PRMO10) [mcota[Mcot2itmcot1jovFo1] [ospTot]ospeot[Tocot4LvSot [LvRo1[Toco11TOE01]
16-bit timer mode 16-bit timer output
Prescaler mode control register 01 control register 01
register 01 (PRMO01) (TMCO1) (TOCO1)
q Internal bus

Figure 7-3. Block Diagram of 16-Bit Timer/Event Counter 02

S Internal bus S
Capture/compare control AN
register 02 (CRCO02)
s
r 8 INTTMO02
. S o (2]
TI012/TO02/ Noise "ﬂ‘ 16-bit timer capture/compare
©——{elimi- 3 register 002 (CR002
INTP3/P32 oo o (CRo02)
u Match
frrRs —]
frRs/22 ——=| :g: —
frrs/28 § 16-bit timer counter 02 Clear
| (TM02) Output TO02/TI012/
5 — troll ) >1>©
controller &~ INTP3/P32
Noise Match
frRs — elimi- | 12 Output latch
nator P32) PM32
TI002/INTP2 © I l\llpise | L 16-bit timer capture/compare
/P31 o register 012 (CR012)
g INTTMO12
3
CRCO022 —
PRMO21/PRM020 [rmcoesTMeo22[Mcoz1/ovFo2] [osProzlospenzlTocoe4LvS02 [LVRo2[TOC021TOEG?)
16-bit timer mode 16-bit timer output
Pre;caler mode control register 02 control register 02
register 02 (PRMO02) 1y (TMCO02) (TOCO02)
S Internal bus
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Figure 7-4. Block Diagram of 16-Bit Timer/Event Counter 03

§

Internal bus

Capture/compare control
register 03 (CRCO03)

s
3 INTTMO003
; [ e 3
Noise 2 16-bit timer capture/compare
TI013/TO03/P132 ©——{elimi- e register 003 (CR003)
nator %2
u Match
frrRs —=1 ﬁ
frrs/24 ——»| :g ——
frre/26 2 16-bit timer counter 03 Clear
_J (TM03) { Output
[ [ controller ) > k ©
Noise Match :
fers elimi- | 12 Output latch
nator P132) PM132
© Noise 16-bit timer capture/compare
T1003/P131 el register 013 (CRO13) 1
g INTTMO13
2]
(2]
CRC032 —

Prescaler mode
register 03 (PRM03)

[rmcossTmcose TmcostlovFos] [osproslosPeosrocos4Lvsos]LvRosTocos TOES]

16-bit timer mode
control register 03
(TMCO03)

I

16-bit timer output
control register 03
(TOCO03)

§

Internal bus
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(1) 16-bit timer counter On (TMOn)
TMOn is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of the count clock.
If the count value is read during operation, then input of the count clock is temporarily stopped, and the count
value at that point is read.

Figure 7-5. Format of 16-Bit Timer Counter On (TMOn)

Address: FF10H, FF11H (TM0O), FFBOH, FFB1H (TMO1)  After reset: 0000H R
FF5AH, FFSBH (TM02), FFA6H, FFA7H (TMO03)

Symbol FF11H (TM00) FF10H (TM00)
FFB1H (TMO1) FFBOH (TMO1)
FF5BH (TM02) FF5AH (TM02)
FFA7H (TMO03) FFABH (TM03)

mowy_ 1 | | [ T [ T T T [T [ T 1]

The count value is reset to 0000H in the following cases.

<1> At Reset signal generation

<2> If TMCONn3 and TMCON2 are cleared

<3> If the valid edge of the TI0On pin is input in the mode in which clear & start occurs when inputting the valid
edge of the TI0On pin

<4> If TMOn and CROONn match in the mode in which clear & start occurs on a match of TMOn and CR0On

<5> OSPTOn is set to 1 in one-shot pulse output mode or the valid edge is input to the TIOOn pin

Caution Even if TMOn is read, the value is not captured by CR01n.
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(2) 16-bit timer capture/compare register 00n (CR00N)
CRO0OnN is a 16-bit register that has the functions of both a capture register and a compare register. Whether it is
used as a capture register or as a compare register is set by bit 0 (CRCONn0) of capture/compare control register
On (CRCOn).
CRO0ON can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 7-6. Format of 16-Bit Timer Capture/Compare Register 00n (CROO0N)

Address: FF12H, FF13H (CR000), FFB2H, FFB3H (CR001)  After reset: 0000H  R/W
FF6CH, FF6DH (CR002), FFA8H, FFA9H (CR003)

Symbol FF13H (CR000) FF12H (CR000)
FFB3H (CR001) FFB2H (CR001)
FF6DH (CR002) FF6CH (CR002)
FFAQH (CR003) FFA8H (CR003)
CROON | | |
(n=0to 3)

¢ When CROOn is used as a compare register
The value set in CROOn is constantly compared with 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMOON) is generated if they match. The set value is held until CROOn is rewritten.

Caution CROOn does not perform the capture operation when it is set in the comparison mode, even
if a capture trigger is input to it.

e When CROOnN is used as a capture register

It is possible to select the valid edge of the TIOOn pin or the TIO1n pin as the capture trigger. The TIOOn or
TIO1n pin valid edge is set using prescaler mode register On (PRMON) (see Table 7-2).
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Table 7-2. CROOn Capture Trigger and Valid Edges of TIOOn and TI01n Pins

(1) TIOON pin valid edge selected as capture trigger (CRCOn1 =1, CRCOn0 = 1)

CROON Capture Trigger TIOONn Pin Valid Edge
ESOn1 ESOnO
Falling edge Rising edge 0 1
Rising edge Falling edge 0 0
No capture operation Both rising and falling edges 1 1
(2) TIO1n pin valid edge selected as capture trigger (CRCOn1 = 0, CRCOn0 = 1)
CROON Capture Trigger TI01n Pin Valid Edge
ES1n1 ES1n0
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Cautions 1. Set a value other than 0000H in CR0OOn in the mode in which clear & start occurs on a match of
TMOn and CROON.

2. If CROOn is cleared to 0000H in the free-running mode and in the clear mode using the valid edge
of the TIOON pin, an interrupt request (INTTMOON) is generated when the value of CR0OOn changes
from 0000H to 0001H following TMOn overflow (FFFFH). In addition, INTTMOON is generated after
a match between TMOn and CROON, after detecting the valid edge of the TI01n pin, and the timer
is cleared by a one-shot trigger.

3. When P01 or P06 is used as the valid edge input of the TI01n pin, it cannot be used as the timer
output (TOOn). Moreover, when P01 or P06 is used as TOOn, it cannot be used as the valid edge
input of the TI01n pin.

4. When CRO0OnN is used as a capture register, read data is undefined if the register read time and
capture trigger input conflict (the capture data itself is the correct value).

If count stop input and capture trigger input conflict, the captured data is undefined.

5. Do not rewrite CROOn during TMOn operation.

Remarks 1. Setting ESOn1, ESOn0 = 1, 0 and ES1n1, ES1n0 = 1, 0 is prohibited.
2. ESOn1, ESONO: Bits 5 and 4 of prescaler mode register On (PRMOn)
ES1n1, ES1n0: Bits 7 and 6 of prescaler mode register On (PRMOn)
CRCONn1, CRCONO: Bits 1 and 0 of capture/compare control register On (CRCOn)
3. n=0to3
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(3) 16-bit timer capture/compare register 01n (CR01n)
CRO1n is a 16-bit register that has the functions of both a capture register and a compare register. Whether it is
used as a capture register or a compare register is set by bit 2 (CRCOn2) of capture/compare control register On
(CRCOn).
CRO01n can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 7-7. Format of 16-Bit Timer Capture/Compare Register 01n (CR01n)

Address: FF14H, FF15H (CR010), FFB4H, FFB5H (CRO11) After reset: 0000H R/W
FFECH, FFEDH (CR012), FFAAH, FFABH (CR013)

Symbol FF15H (CR010) FF14H (CR010)
FFB5H (CRO11) FFB4H (CRO11)
FFEDH (CR012) FFECH (CR012)
FFABH (CR013) FFAAH (CRO013)
ooyl 1 1 | [ T T T T T T T T T T T

¢ When CRO1n is used as a compare register
The value set in the CRO1n is constantly compared with 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMO1n) is generated if they match. The set value is held until CRO1n is rewritten.

e When CRO1n is used as a capture register
It is possible to select the valid edge of the TIOOn pin as the capture trigger. The TI0On pin valid edge is set by

prescaler mode register On (PRMON) (see Table 7-3).

Table 7-3. CRO1n Capture Trigger and Valid Edge of TIOOn Pin (CRCOn2 = 1)

CRO1n Capture Trigger TIOOn Pin Valid Edge
ESOn1 ESOnO
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Cautions 1. If the CRO1n register is cleared to 0000H, an interrupt request (INTTMO1n) is generated when the

value of CR01n changes from 0000H to 0001H following TMOn overflow (FFFFH). In addition,
INTTMO1n is generated after a match between TMOn and CRO01n, after detecting the valid edge of
the TIOON pin, and the timer is cleared by a one-shot trigger.

2. When CRO1n is used as a capture register, read data is undefined if the register read time and
capture trigger input conflict (the capture data itself is the correct value).
If count stop input and capture trigger input conflict, the captured data is undefined.

3. CRO1n can be rewritten during TMOn operation. For details, see Caution 2 in Figure 7-33 PPG
Output Operation Timing.

Remarks 1. Setting ESOn1, ESONn0 = 1, 0 is prohibited.
2. ESOn1, ESONnO: Bits 5 and 4 of prescaler mode register On (PRMON)
CRCOn2: Bit 2 of capture/compare control register On (CRCOn)
3. n=0to3
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(4) Setting range when CR0OONn or CR01n is used as a compare register

When CRO0OONn or CRO1n is used as a compare register, set it as shown below.

Operation CROON Register Setting Range

CRO1n Register Setting Range

Operation as interval timer 0000H < N < FFFFH

Operation as square-wave output

Operation as external event counter

0000H"" <M < FFFFH
Normally, this setting is not used. Mask the
match interrupt signal (INTTMO1n).

Operation in the clear & start mode 0000H"" < N < FFFFH
entered by TI0On pin valid edge input

Operation as free-running timer

0000H"" < M < FFFFH

Operation as PPG output M < N < FFFFH

0000H"™* <M < N

Operation as one-shot pulse output 0000H"" < N < FFFFH (N = M)

0000H""* < M < FFFFH (M = N)

Note When 0O000H is set, a match interrupt immediately after the timer operation does not occur and timer output
is not changed, and the first match timing is as follows. A match interrupt occurs at the timing when the

timer counter (TMOn register) is changed from 0000H to 0001H.

¢ When the timer counter is cleared due to overflow

e When the timer counter is cleared due to TIOOn pin valid edge (when clear & start mode is entered by

TIOON pin valid edge input)

¢ When the timer counter is cleared due to compare match (when clear & start mode is entered by match
between TMOn and CR0OONn (CROON = other than 0000H, CR0O1n = 0000H))

Timer counter clear —,

TMOn register

Compare register set value

(0000H)

Operation Operation enabled
(other than 00)

Timer operation enable bit disabled (00)
(TMCOnR3, TMCON2)

Interrupt request signal

|

Interrupt signal
is not generated

Remarks 1. N: CROOn register set value, M: CRO1n register set value

t

Interrupt signal
is generated

2. For details of TMCOn3 and TMCOn2, see 7.3 (1) 16-bit timer mode control register On (TMCOn).

3.n=0to 3
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Table 7-4. Capture Operation of CROOn and CR01n

External Input

Signal TI0ON Pin Input Il ' | TI01n Pin Input I | | |
Capture )

Operation
Capture operation of | CRCOn1 =1 Set values of ESOn1 and | CRCOn1 bit=0 Set values of ES1n1 and
CROON TIOON pin input ESOn0 TIO1n pin input ES1n0
(reverse phase) Position of edge to be Position of edge to be
captured captured
01: Rising | | | | 01: Rising
00: Falling 00: Falling
11: Both edges 11: Both edges
(cannot be captured) I t I t
Interrupt signal INTTMOOn signal is not | Interrupt signal INTTMOOn signal is
generated even if value generated each time
is captured. value is captured.
Capture operation of | TIOOn pin input™™® Set values of ESOn1 and
CRO1n ESONnO

Position of edge to be

I—I _I_ captured
! 01: Rising

-

00: Falling

-
7|

11: Both edges

1

Interrupt signal INTTMO1n signal is
generated each time
value is captured.

=

Note The capture operation of CRO1n is not affected by the setting of the CRCOn1 bit.

Caution To capture the count value of the TMOn register to the CROOn register by using the phase
reverse to that input to the TIOOn pin, the interrupt request signal (INTTMOOR) is not generated
after the value has been captured. If the valid edge is detected on the TI01n pin during this
operation, the capture operation is not performed but the INTTMOOn signal is generated as an
external interrupt signal. To not use the external interrupt, mask the INTTMOOnN signal.

Remarks 1. CRCOn1: See 7.3 (2) Capture/compare control register On (CRCOn).

ES1n1, ES1n0, ESOn1, ESONO: See 7.3 (4) Prescaler mode register On (PRMON).
2.n=0t03

170 User's Manual U17554EJ4VOUD



CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 TO 03

7.3 Registers Controlling 16-Bit Timer/Event Counters 00 to 03
The following six registers are used to control 16-bit timer/event counters 00 to 03.

e 16-bit timer mode control register On (TMCOn)

e Capture/compare control register On (CRCOn)

o 16-bit timer output control register On (TOCOn)
e Prescaler mode register On (PRMOn)

e Port mode register 0, 3, 13 (PMO, PM3, PM13)
e Port register 0, 3, 13 (PO, P3, P13)

(1) 16-bit timer mode control register On (TMCOn)
This register sets the 16-bit timer operating mode, the 16-bit timer counter On (TMOn) clear mode, and output
timing, and detects an overflow.
Rewriting TMCOn is prohibited during operation (when TMCOn3 and TMCOn2 = other than 00). However, it can
be changed when TMCOn3 and TMCON2 are cleared to 00 (stopping operation) and when OVFOn is cleared to 0.
TMCOn can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TMCOn to O0H.

Caution 16-bit timer counter On (TMOn) starts operation at the moment TMCOn2 and TMCOn3 are set to
values other than 0, 0 (operation stop mode), respectively. Set TMCOn2 and TMCOn3 to 0, 0 to

stop the operation.

Remark n=0to3
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Figure 7-8. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)
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Figure 7-9. Format of 16-Bit Timer Mode Control Register 01 (TMCO01)

Address: FFB6H  After reset: 00H R/W

Symbol
TMCO1

7 6 5 4 3 2 1 <0>
0 0 0 0 TMCO013 | TMCO012 | TMCO11 | OVFO1
TMCO013 TMCO012 Operation enable of 16-bit timer/event counter 01
0 0 Disables 16-bit timer/event counter 01 operation. Stops supplying operating clock.
Clears 16-bit timer counter 01 (TMO1).
0 1 Free-running timer mode
1 0 Clear & start mode entered by TI001 pin valid edge input"™
1 1 Clear & start mode entered upon a match between TM01 and CR001
TMCO11 Condition to reverse timer output (TO01)
0 e Match between TMO1 and CR001 or match between TMO1 and CR0O11
1 e Match between TMO1 and CR001 or match between TMO1 and CR0O11
e Trigger input of TI001 pin valid edge
OVFO1 TMO1 overflow flag
Clear (0) Clears OVF01 to 0 or TMC013 and TMC012 = 00
Set (1) Overflow occurs.

OVFO1 is set to 1 when the value of TMO1 changes from FFFFH to 0000H in all the operation modes (free-running
timer mode, clear & start mode entered by TI001 pin valid edge input, and clear & start mode entered upon a match
between TM0O1 and CR001).

It can also be set to 1 by writing 1 to OVFO1.

Note The TIOO1 pin valid edge is set by bits 5 and 4 (ES011, ES010) of prescaler mode register 01 (PRM01).

Remark

TOO01: 16-bit timer/event counter 01 output pin
TIOO1: 16-bit timer/event counter 01 input pin
TMO1: 16-bit timer counter 01

CRO001: 16-bit timer capture/compare register 001
CRO011: 16-bit timer capture/compare register 011
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Figure 7-10. Format of 16-Bit Timer Mode Control Register 02 (TMC02)

Address: FF54H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO02 0 0 0 0 TMCO023 ‘ TMCO022 ‘ TMCO021 ‘ OVF02
TMC023 TMC022 Operation enable of 16-bit timer/event counter 01
0 0 Disables 16-bit timer/event counter 02 operation. Stops supplying operating clock.

Clears 16-bit timer counter 02 (TM02).

0 1 Free-running timer mode

1 0 Clear & start mode entered by TI002 pin valid edge input"™

1 1 Clear & start mode entered upon a match between TM02 and CR002
TMCO021 Condition to reverse timer output (TO02)

0 e Match between TM02 and CR002 or match between TM02 and CR012

1 e Match between TM02 and CR002 or match between TM02 and CR012

e Trigger input of TI002 pin valid edge

OVF02 TMO2 overflow flag

Clear (0) Clears OVF02 to 0 or TMC023 and TMC022 = 00

Set (1) Overflow occurs.

OVFO2 is set to 1 when the value of TM02 changes from FFFFH to 0000H in all the operation modes (free-running
timer mode, clear & start mode entered by TI002 pin valid edge input, and clear & start mode entered upon a match
between TM02 and CR002).

It can also be set to 1 by writing 1 to OVF02.

Note The TI002 pin valid edge is set by bits 5 and 4 (ES021, ES020) of prescaler mode register 02 (PRM02).

Remark TOO02: 16-bit timer/event counter 02 output pin
TI002: 16-bit timer/event counter 02 input pin
TMO02: 16-bit timer counter 02
CRO002: 16-bit timer capture/compare register 002
CRO012: 16-bit timer capture/compare register 012
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Figure 7-11. Format of 16-Bit Timer Mode Control Register 03 (TMCO03)

Address: FFADH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO3 0 0 0 0 TMCO033 | TMC032 | TMCO031 | OVFO03
TMCO033 TMC032 Operation enable of 16-bit timer/event counter 03
0 0 Disables 16-bit timer/event counter 03 operation. Stops supplying operating clock.

Clears 16-bit timer counter 03 (TM03).

0 1 Free-running timer mode

1 0 Clear & start mode entered by TI003 pin valid edge input"™

1 1 Clear & start mode entered upon a match between TM03 and CR003
TMCO031 Condition to reverse timer output (TO03)

0 e Match between TM03 and CR003 or match between TM03 and CR013

1 e Match between TM03 and CR0O03 or match between TM03 and CR013

e Trigger input of TIO03 pin valid edge

OVFO03 TMO3 overflow flag

Clear (0) Clears OVF03 to 0 or TMC033 and TMC032 = 00

Set (1) Overflow occurs.

OVFO3 is set to 1 when the value of TM03 changes from FFFFH to 0000H in all the operation modes (free-running
timer mode, clear & start mode entered by TI003 pin valid edge input, and clear & start mode entered upon a match
between TM03 and CR003).

It can also be set to 1 by writing 1 to OVF03.

Note The TIO03 pin valid edge is set by bits 5 and 4 (ES031, ES030) of prescaler mode register 03 (PRM03).

Remark TOO03: 16-bit timer/event counter 03 output pin
TIO03: 16-bit timer/event counter 03 input pin
TMO3: 16-bit timer counter 03
CRO003: 16-bit timer capture/compare register 003
CRO013: 16-bit timer capture/compare register 013
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(2) Capture/compare control register On (CRCOn)
CRCOn is the register that controls the operation of CR00On and CRO1n.
Changing the value of CRCOn is prohibited during operation (when TMCOn3 and TMCOn2 = other than 00).
CRCOn can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears CRCOn to O0H.

Figure 7-12. Format of Capture/Compare Control Register 00 (CRC00)

Address: FFBCH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 ‘ CRCO002 ‘ CRCO001 ‘ CRCO000
CRCO002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO001 CROO00 capture trigger selection
0 Captures on valid edge of TI010 pin
1 Captures on valid edge of TIO00 pin by reverse phase"™®

The valid edge of the TI010 and TI000 pin is set by PRMOO.
If ES001 and ES000 are set to 11 (both edges) when CRCO001 is 1, the valid edge of the TI000 pin cannot
be detected.

CRCO000 CRO00 operating mode selection
0 Operates as compare register
1 Operates as capture register

If TMCO003 and TMCO002 are set to 11 (clear & start mode entered upon a match between TM00 and
CRO000), be sure to set CRC000 to 0.

Note When the valid edge is detected from the TIO10 pin, the capture operation is not performed but the
INTTMOOO signal is generated as an external interrupt signal.

Caution To ensure that the capture operation is performed properly, the capture trigger requires a pulse
two cycles longer than the count clock selected by prescaler mode register 00 (PRMO00).

Remark n=0to3
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Figure 7-13. Example of CR01n Capture Operation (When Rising Edge Is Specified)

Valid edge

\Y
Count clock _I | | | | | {\

!
™on [ N-3 f N-2 X N-1 )/ lll

TIOONn |

Rising edge detection

X
/

I
N+1
L

1

- -
=z

CRO1n

\
INTTMO1n \|_|

Remark n=0t03

Figure 7-14. Format of Capture/Compare Control Register 01 (CRCO01)

Address: FFB8H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO1 0 0 0 0 0 CRCo012 CRCO11 CRCo010
CRCO012 CRO11 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO11 CRO001 capture trigger selection
0 Captures on valid edge of TI011 pin
1 Captures on valid edge of TI001 pin by reverse phase"*®

The valid edge of the TI011 and TI001 pin is set by PRMO1.
If ES011 and ES010 are set to 11 (both edges) when CRCO011 is 1, the valid edge of the TI0O01 pin cannot
be detected.

CRCO010 CRO001 operating mode selection
0 Operates as compare register
1 Operates as capture register

If TMC013 and TMCO012 are set to 11 (clear & start mode entered upon a match between TMO1 and
CRO001), be sure to set CRC010 to 0.

Note When the valid edge is detected from the TIO11 pin, the capture operation is not performed but the
INTTMOO1 signal is generated as an external interrupt signal.

Caution To ensure that the capture operation is performed properly, the capture trigger requires a pulse

two cycles longer than the count clock selected by prescaler mode register 01 (PRMO1) (see
Figure 7-13 Example of CR01n Capture Operation (When Rising Edge Is Specified)).
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Figure 7-15. Format of Capture/Compare Control Register 02 (CRC02)

Address: FF5CH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
CRCO02 0 0 0 0 0 ‘ CRCO022 ‘ CRCO021 ‘ CRC020
CRC022 CRO012 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO021 CRO002 capture trigger selection
0 Captures on valid edge of TI012 pin
1 Captures on valid edge of TI002 pin by reverse phase"™®

The valid edge of the TI012 and TI002 pin is set by PRM02.
If ES021 and ES020 are set to 11 (both edges) when CRCO021 is 1, the valid edge of the TI002 pin cannot
be detected.

CRC020 CRO002 operating mode selection
0 Operates as compare register
1 Operates as capture register

If TMC023 and TMCO022 are set to 11 (clear & start mode entered upon a match between TM02 and
CR002), be sure to set CRC020 to 0.

Note When the valid edge is detected from the TI012 pin, the capture operation is not performed but the
INTTMOO2 signal is generated as an external interrupt signal.

Caution To ensure that the capture operation is performed properly, the capture trigger requires a pulse

two cycles longer than the count clock selected by prescaler mode register 02 (PRM02) (see
Figure 7-13 Example of CR01n Capture Operation (When Rising Edge Is Specified)).
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Figure 7-16. Format of Capture/Compare Control Register 03 (CRC03)

Address: FF52H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO03 0 0 0 0 0 | CRC032 | CRCO031 | CRCO030
CRC032 CRO013 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO031 CRO0083 capture trigger selection
0 Captures on valid edge of TI013 pin
1 Captures on valid edge of TI003 pin by reverse phase"*®

The valid edge of the TI013 and TI003 pin is set by PRM03.
If ES031 and ES030 are set to 11 (both edges) when CRCO031 is 1, the valid edge of the TI003 pin cannot
be detected.

CRCO030 CRO003 operating mode selection
0 Operates as compare register
1 Operates as capture register

If TMCO033 and TMCO032 are set to 11 (clear & start mode entered upon a match between TM03 and
CRO003), be sure to set CRC030 to 0.

Note When the valid edge is detected from the TI013 pin, the capture operation is not performed but the
INTTMOO3 signal is generated as an external interrupt signal.

Caution To ensure that the capture operation is performed properly, the capture trigger requires a pulse

two cycles longer than the count clock selected by prescaler mode register 03 (PRM03) (see
Figure 7-13 Example of CR01n Capture Operation (When Rising Edge Is Specified)).
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(3) 16-bit timer output control register On (TOCOn)
TOCOnN is an 8-bit register that controls the TOOnN pin output.
TOCONn can be rewritten while only OSPTOn is operating (when TMCOn3 and TMCOn2 = other than 00).
Rewriting the other bits is prohibited during operation.
However, TOCONn4 can be rewritten during timer operation as a means to rewrite CR01n (see 7.5.1 Rewriting
CRO1n during TMOn operation).
TOCON can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TOCOn to O0H.

Caution Be sure to set TOCOn using the following procedure.
<1> Set TOCOn4 and TOCONn1 to 1.
<2> Set only TOEOn to 1.
<3> Set either of LVSOn or LVROn to 1.

Remark n=0to0 3
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Figure 7-17. Format of 16-Bit Timer Output Control Register 00 (TOCO00)

Address: FFBDH  After reset: 00H R/W

Symbol
TOCO00

7 <6> <5> 4 <3> <2> 1 <0>

0 OSPTO0 OSPEO00 TOCO004 LVS00 LVROO | TOCO001 | TOEO0
OSPTO0 One-shot pulse output trigger via software

0 —

1

One-shot pulse

output

The value of this bit is always “0” when it is read. Do not set this bit to 1 in a mode other than the one-
shot pulse output mode.
If it is set to 1, TMOO is cleared and started.

OSPEO00

One-shot pulse output operation control

0

Successive pulse output

1

One-shot pulse

output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by
TIO0O0 pin valid edge input.
The one-shot pulse cannot be output in the clear & start mode entered upon a match between TM0O and

CRO000.
TOCO004 TOOO0 pin output control on match between CR010 and TMOO
0 Disables inversion operation

1

Enables inversion operation

The interrupt signal (INTTMO010) is generated even when TOC004 = 0.

LVS00 LVRO0O0 Setting of TO0O0 pin output status
0 0 No change
0 1 Initial value of TOO0O0 pin output is low level (TO00 pin output is cleared to 0).
1 0 Initial value of TOO0O pin output is high level (TOO0O pin output is set to 1).
1 1 Setting prohibited

e LVS00 and LVROO can be used to set the initial value of the output level of the TOOQO0 pin. If the initial
value does not have to be set, leave LVS00 and LVRO0O as 00.

e Be sure to set LVS00 and LVR0O when TOEQO = 1.
LVS00, LVRO00, and TOEOO being simultaneously set to 1 is prohibited.

e LVS00 and LVROO are trigger bits. By setting these bits to 1, the initial value of the output level of the
TOO0O0 pin can be set. Even if these bits are cleared to 0, output of the TOOQO0 pin is not affected.

e The values of LVS00 and LVRO0O are always 0 when they are read.

e For how to set LVS00 and LVROO, see 7.5.2 Setting LVSOn and LVRON.

TOCO001

TOO00 pin output control on match between CR000 and TM00

0

Disables inversion operation

1

Enables inversion operation

The interrupt signal (INTTMOOO) is generated even when TOCO001 = 0.

TOEOO

TOO00 pin output control

0

Disables output (TO00 pin output fixed to low level)

1

Enables output
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Figure 7-18. Format of 16-Bit Timer Output Control Register 01 (TOCO01)

Address: FFB9H  After reset: 00H R/W

7 <6> <5> 4 <3> <2> 1 <0>

0 OSPTO1 OSPEO1 TOCO014 LVSO01 LVRO1 ‘ TOCO11 ‘ TOEO1
OSPTO1 One-shot pulse output trigger via software

0 -

1 One-shot pulse output

The value of this bit is always 0 when it is read. Do not set this bit to 1 in a mode other than the one-shot
pulse output mode.
Ifitis setto 1, TMO1 is cleared and started.

OSPEO1 One-shot pulse output operation control
0 Successive pulse output
1 One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by
TI001 pin valid edge input.

The one-shot pulse cannot be output in the clear & start mode entered upon a match between TMO1 and
CRO0O01.

TOCO014 TOO01 pin output control on match between CR011 and TMO1
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO11) is generated even when TOC014 = 0.

LVSO01 LVRO1 Setting of TO01 pin output status
0 0 No change
0 1 Initial value of TOO1 pin output is low level (TOO1 pin output is cleared to 0).
1 0 Initial value of TOO1 pin output is high level (TOO01 pin output is set to 1).
1 1 Setting prohibited

e LVSO01 and LVRO1 can be used to set the initial value of the output level of the TOO01 pin. If the initial
value does not have to be set, leave LVS01 and LVRO01 as 00.

e Be sure to set LVS01 and LVRO1 when TOEO1 = 1.
LVSO01, LVRO1, and TOEO1 being simultaneously set to 1 is prohibited.

e LVSO01 and LVRO1 are trigger bits. By setting these bits to 1, the initial value of the output level of the
TOO1 pin can be set. Even if these bits are cleared to 0, output of the TOO01 pin is not affected.

e The values of LVS01 and LVRO1 are always 0 when they are read.

e For how to set LVS01 and LVRO1, see 7.5.2 Setting LVSOn and LVRON.

TOCO011 TOO01 pin output control on match between CR001 and TMO1
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO0O01) is generated even when TOCO11 = 0.

TOEO1 TOO01 pin output control
0 Disables output (TOO01 pin output is fixed to low level)
1 Enables output
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Figure 7-19. Format of 16-Bit Timer Output Control Register 02 (TOCO02)

Address: FFA5H  After reset: 00H R/W

7 <6> <5> 4 <3> <2> 1 <0>

0 OSPTO02 OSPEO2 TOC024 LVS02 LVR0O2 | TOCO021 | TOEO2
OSPTO02 One-shot pulse output trigger via software

0 _

1 One-shot pulse output

The value of this bit is always 0 when it is read. Do not set this bit to 1 in a mode other than the one-shot
pulse output mode.
If it is set to 1, TMO2 is cleared and started.

OSPEO2 One-shot pulse output operation control
0 Successive pulse output
1 One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by
TI002 pin valid edge input.

The one-shot pulse cannot be output in the clear & start mode entered upon a match between TM02 and
CRO002.

TOCO024 TOO02 pin output control on match between CR012 and TM02
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO012) is generated even when TOC024 = 0.

LVS02 LVRO2 Setting of TO02 pin output status
0 0 No change
0 1 Initial value of TOO02 pin output is low level (TO02 pin output is cleared to 0).
1 0 Initial value of TOO02 pin output is high level (TO02 pin output is set to 1).
1 1 Setting prohibited

e LVS02 and LVRO2 can be used to set the initial value of the output level of the TO02 pin. If the initial
value does not have to be set, leave LVS02 and LVRO02 as 00.

e Be sure to set LVS02 and LVR02 when TOEO02 = 1.
LVS02, LVR02, and TOEO2 being simultaneously set to 1 is prohibited.

e LVS02 and LVRO2 are trigger bits. By setting these bits to 1, the initial value of the output level of the
TOO02 pin can be set. Even if these bits are cleared to 0, output of the TOO02 pin is not affected.

e The values of LVS02 and LVRO02 are always 0 when they are read.

e For how to set LVS02 and LVRO02, see 7.5.2 Setting LVSOn and LVROn.

TOC021 TOO02 pin output control on match between CR002 and TM02
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO002) is generated even when TOC012 = 0.

TOEO2 TOO02 pin output control
0 Disables output (TO02 pin output is fixed to low level)
1 Enables output

User's Manual U17554EJ4VOUD

183



CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 TO 03

184

Figure 7-20. Format of 16-Bit Timer Output Control Register 03 (TOCO03)

Address: FFF9H  After reset: OOH R/W

7 <6> <5> 4 <3> <2> 1 <0>

0 OSPTO3 OSPEO03 TOCO034 LVS03 LVRO3 ‘ TOCO031 ‘ TOEO3
OSPTO03 One-shot pulse output trigger via software

0 -

1 One-shot pulse output

The value of this bit is always 0 when it is read. Do not set this bit to 1 in a mode other than the one-shot
pulse output mode.
If it is set to 1, TMO3 is cleared and started.

OSPEO3 One-shot pulse output operation control
0 Successive pulse output
1 One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by
TI003 pin valid edge input.

The one-shot pulse cannot be output in the clear & start mode entered upon a match between TM03 and
CRO003.

TOCO034 TOO03 pin output control on match between CR013 and TMO03
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO013) is generated even when TOC034 = 0.

LVS03 LVRO3 Setting of TO03 pin output status
0 0 No change
0 1 Initial value of TOO03 pin output is low level (TO03 pin output is cleared to 0).
1 0 Initial value of TOO03 pin output is high level (TO03 pin output is set to 1).
1 1 Setting prohibited

e LVS03 and LVRO3 can be used to set the initial value of the output level of the TO03 pin. If the initial
value does not have to be set, leave LVS03 and LVRO03 as 00.

e Be sure to set LVS03 and LVR03 when TOEO03 = 1.
LVS03, LVRO03, and TOEO3 being simultaneously set to 1 is prohibited.

e LVSO03 and LVRO3 are trigger bits. By setting these bits to 1, the initial value of the output level of the
TOO0S3 pin can be set. Even if these bits are cleared to 0, output of the TOO03 pin is not affected.

e The values of LVS03 and LVRO03 are always 0 when they are read.

e For how to set LVS03 and LVRO3, see 7.5.2 Setting LVSOn and LVRON.

TOCO013 TOO03 pin output control on match between CR003 and TM03
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO0O03) is generated even when TOC013 = 0.

TOEO3 TOO03 pin output control
0 Disables output (TO03 pin output is fixed to low level)
1 Enables output
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(4) Prescaler mode register On (PRMON)
PRMOn is the register that sets the TMOn count clock and TIOOn and TI01n pin input valid edges.
Rewriting PRMOn is prohibited during operation (when TMCOn3 and TMCONn2 = other than 00).
PRMOnN can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears PRMOn to 00H.

Cautions 1.

Do not apply the following setting when setting the PRMOn1 and PRMONO bits to 11 (to
specify the valid edge of the TIOOn pin as a count clock).

¢ Clear & start mode entered by the TI0OOn pin valid edge

¢ Setting the TIOONn pin as a capture trigger

If the operation of the 16-bit timer/event counter On is enabled when the TIOOn or TIO1n pin
is at high level and when the valid edge of the TIOOn or TIO1n pin is specified to be the
rising edge or both edges, the high level of the TIOOn or TI0O1n pin is detected as a rising
edge. Note this when the TIOOn or TI0O1n pin is pulled up. However, the rising edge is not
detected when the timer operation has been once stopped and then is enabled again.

The valid edge of TI010 and timer output (TO00) cannot be used for the P01 pin at the same
time, and the valid edge of TI011 and timer output (TO01) cannot be used for the P06 pin at
the same time. Select either of the functions.

Remark n=0to 3
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Figure 7-21. Format of Prescaler Mode Register 00 (PRM00)

Address: FFBBH  After reset: O0OH R/W

Symbol 7 6 5 4 3 2 1 0
PRMO00O ES101 ES100 ES001 ES000 0 ‘ 0 ‘ PRMO001 ‘ PRMO000
ES101 ES100 TI010 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES001 ES000 TIO0O0 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO001 PRMO000 Count clock selection
frrs=4 MHz | fers =5 MHz | frrs = 10 MHz | frrs = 20 MHz
0 0 fers 4 MHz 5 MHz 10 MHz 20 MHz
0 1 fers/2° 1 MHz 1.25 MHz 2.5 MHz 5 MHz
1 0 frrs/2° 15.62 kHz 19.53 kHz 39.06 kHz 78.12 kHz
1 1 TI000 valid edge™™*

Note The external clock requires a pulse two cycles longer than internal clock (fers).

Cautions 1.
2.

Always set data to PRMO0O after stopping the timer operation.

If the valid edge of the TI0O00 pin is to be set for the count clock, do not set the clear & start
mode using the valid edge of the TI000 pin and the capture trigger.

If the TIO00 or TIO10 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TI000 pin or TI010 pin to enable the operation of 16-bit timer counter 00
(TMO0O0). Care is therefore required when pulling up the TI000 or TI010 pin. However, when re-
enabling operation for TIO00 pin or TIO10 pin are high level after the operation has been
stopped, the rising edge is not detected.

When TI010 pin is used valid edge, it cannot be used as the timer output (TO00) to P01, and
when TOO0O is used, it cannot be used to the TI010 pin valid edge.

Remark frrs: Peripheral hardware clock frequency
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Figure 7-22. Format of Prescaler Mode Register 01 (PRMO01)

Address: FFB7H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO1 ES111 ES110 ESO011 ES010 0 | 0 | PRMO11 | PRMO010
ES111 ES110 TI011 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited

Both falling and rising edges

ESO11 ES010 TI001 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO11 PRMO010 Count clock selection
frrRs =4 MHz | frrs =5 MHz | frrs = 10 MHz | frrs = 20 MHz
0 0 frrs 4 MHz 5 MHz 10 MHz 20 MHz
0 1 frrs/2° 250 kHz 312.5 kHz 625 kHz 1.25 MHz
1 0 frrs/2° 62.5 kHz 78.125 kHz 156.25 kHz 312.5 kHz

TI001 valid edge™™*

Note The external clock requires a pulse two cycles longer than internal clock (fers).

Cautions 1.

Always set data to PRMO01 after stopping the timer operation.

2. If the valid edge of the TI001 pin is to be set for the count clock, do not set the clear & start
mode using the valid edge of the TI001 pin and the capture trigger.
3. If the TI0O01 or TIO11 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TI001 pin or TI011 pin to enable the operation of 16-bit timer counter 01
(TMO1). Care is therefore required when pulling up the TI001 or TI011 pin. However, when re-
enabling operation for TI0O01 pin or TI0O11 pin are high level after the operation has been

stopped, the rising edge is not detected.

4. When TIO11 pin is used valid edge, it cannot be used as the timer output (TO01) to P06, and
when TOO01 is used, it cannot be used to the TI011 pin valid edge.

Remark frrs: Peripheral hardware clock frequency
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Figure 7-23. Format of Prescaler Mode Register 02 (PRM02)

Address: FF59H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
PRMO02 ES121 ES120 ES021 ES020 0 ‘ 0 ‘ PRMO021 ‘ PRM020
ES121 ES120 TI012 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES021 ES020 TI002 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO021 PRMO020 Count clock selection
frrs=4 MHz | fers =5 MHz | frrs = 10 MHz | frrs = 20 MHz
0 0 fers 4 MHz 5 MHz 10 MHz 20 MHz
0 1 fers/2° 1 MHz 1.25 MHz 2.5 MHz 5 MHz
1 0 frrs/2° 15.62 kHz 19.53 kHz 39.06 kHz 78.12 kHz
1 1 TI002 valid edge™™*

Note The external clock requires a pulse two cycles longer than internal clock (fers).

Cautions 1.
2.

Always set data to PRMO02 after stopping the timer operation.

If the valid edge of the TI002 pin is to be set for the count clock, do not set the clear & start
mode using the valid edge of the TI002 pin and the capture trigger.

If the TI002 or TIO12 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TI002 pin or TI012 pin to enable the operation of 16-bit timer counter 02
(TM02). Care is therefore required when pulling up the TI002 or TI012 pin. However, when re-
enabling operation for TI002 pin or TI012 pin are high level after the operation has been
stopped, the rising edge is not detected.

When TI012 pin is used valid edge, it cannot be used as the timer output (TO02) to P32, and
when TOO02 is used, it cannot be used to the TI012 pin valid edge.

Remark frrs: Peripheral hardware clock frequency
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Figure 7-24. Format of Prescaler Mode Register 03 (PRM03)

Address: FF51H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO03 ES131 ES130 ES031 ES030 0 | 0 | PRMO031 | PRMO030
ES131 ES130 TI013 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES031 ES030 TI003 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO031 PRM030 Count clock selection
frrRs =4 MHz | frrs =5 MHz | frrs = 10 MHz | frrs = 20 MHz
0 0 frrs 4 MHz 5 MHz 10 MHz 20 MHz
0 1 frrs/2° 250 kHz 312.5 kHz 625 kHz 1.25 MHz
1 0 frrs/2° 62.5 kHz 78.125 kHz 156.25 kHz 312.5 kHz
1 1 T1003 valid edge™™*

Note The external clock requires a pulse two cycles longer than internal clock (fers).

Cautions 1.

Always set data to PRMO03 after stopping the timer operation.

2. If the valid edge of the TI003 pin is to be set for the count clock, do not set the clear & start
mode using the valid edge of the TI003 pin and the capture trigger.
3. If the TI0O03 or TIO13 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TI003 pin or TI013 pin to enable the operation of 16-bit timer counter 03
(TMO03). Care is therefore required when pulling up the TI003 or TI013 pin. However, when re-
enabling operation for TI0O03 pin or TI013 pin are high level after the operation has been
stopped, the rising edge is not detected.
4. When TI013 pin is used valid edge, it cannot be used as the timer output (TO03) to P132, and
when TOO03 is used, it cannot be used to the TI013 pin valid edge.

Remark frrs: Peripheral hardware clock frequency
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(5) Port mode register 0 (PMO)
This register sets port 0 input/output in 1-bit units.
When using the P01/TO00/T1010 and P06/TO01/T1011 pins for timer output, set PM01 and PM06 and the output
latch of PO1 and P06 to 0.
When using the PO1/TO00/T1010 and P06/TO01/T1011 pins for timer input, set PM01 and PMO06 to 1. At this time,
the output latch of PO1 and P06 may be 0 or 1.
PMO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PMO0 to FFH.

Figure 7-25. Format of Port Mode Register 0 (PMO0)

Address: FF20H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMO 1 PMO06 PMO05 1 1 1 PMO1 PMO00
PMOn POn pin I/0O mode selection (n =0, 1, 5, 6)
0 Output mode (Output buffer on)
1 Input mode (Output buffer off)

(6) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P32/TO02/T1012/INTP3 pin for timer output, set PM32 and the output latch of P32 to 0.
When using the P31/TI002/INTP2 and P32/T1012/TO02/INTP3 pins for timer input, set PM31 and PM32 to 1. At
this time, the output latch of P31 and P32 may be 0 or 1.
PMS3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM3 to FFH.

Figure 7-26. Format of Port Mode Register 3 (PM3)

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 1 1 1 1 PM33 PM32 PM31 PM30
PM3n P3n pin I/O mode selection (n =0 to 3)
0 Output mode (Output buffer on)
1 Input mode (Output buffer off)
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(7) Port mode register 13 (PM13)
This register sets port 13 input/output in 1-bit units.
When using the P132/TO03/T1013 pin for timer output, set PM132 and the output latch of P132 to 0.
When using the P131/T1003 and P132/T1013/TO03 pins for timer input, set PM131 and PM132 to 1. At this time,
the output latch of P131 and P132 may be 0 or 1.
PM13 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM13 to FFH.

Figure 7-27. Format of Port Mode Register 13 (PM13)

Address: FF2DH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM13 1 1 1 1 1 PM132 PM131 0
PM13n P13n pin I/0 mode selection (n =1, 2)
0 Output mode (Output buffer on)
1 Input mode (Output buffer off)
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7.4 Operation of 16-Bit Timer/Event Counters 00 to 03

7.4.1 Interval timer operation
Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 7-28 allows operation as an interval timer.

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figure 7-28 for the set value).

<2> Set any value to the CROON register.

<3> Set the count clock by using the PRMOn register.

<4> Set the TMCOn register to start the operation (see Figure 7-28 for the set value).

Caution CROONn cannot be rewritten during TMOn operation.
Remark For how to enable the INTTMOQOnN interrupt, see CHAPTER 17 INTERRUPT FUNCTIONS.
Interrupt requests are generated repeatedly using the count value preset in 16-bit timer capture/compare register
00n (CROON) as the interval.
When the count value of 16-bit timer counter On (TMOn) matches the value set in CROOn, counting continues with
the TMOn value cleared to 0 and the interrupt request signal (INTTMOON) is generated.
The count clock of 16-bit timer/event counter On can be selected with bits 0 and 1 (PRMOn0, PRMOn1) of prescaler

mode register On (PRMOn).

Remark n=0to 3
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TMCOn

CRCOn

PRMOnN

Figure 7-28. Control Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register On (TMCOR)

Clears and starts on match between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

0 0 0 0 1 1 (4 0

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

0 0 0 0 0 01 0/1 0
L

ES1n1 ES1n0 ESOn1 ESONO

CROON used as compare register

(c) Prescaler mode register On (PRMON)

3

2

PRMOnt PRMOnO

0/1

0/1

0/1

0/1

0

0

01 | oN

T

Selects count clock.
Setting invalid (setting “10” is prohibited.)
Setting invalid (setting “10” is prohibited.)

Remarks 1. 0/1: Setting 0 or 1 allows another function to be used simultaneously with the interval timer. See the

description of the respective control registers for details.
2.n=0to3
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Figure 7-29. Interval Timer Configuration Diagram

16-bit timer capture/compare
register 00n (CROON)

INTTMOON
fers (fers)Note ! ‘ ‘
fors/22 (frrs/24)Note 8
ot o 16-bit timer counter On OVNESZ
frrs/28 (frrs/26)Note » (TMOn) "
Noise
TIO00/PO0 ©— i —1
eliminator
(TI001/P05) Clear
TI002/P31 ! circuit

(TIO03/P131)Netet

Frequencies and pin names without parentheses are for 16-bit timer/event counter 00 and 02, and
those in parentheses are for 16-bit timer/event counter 01 and 03.
2. OVFOn is set to 1 only when 16-bit timer capture/compare register 00n is set to FFFFH.

Notes 1.

Figure 7-30. Timing of Interval Timer Operation

1 t 1

[ |
LI |
| |
Count clock |||| ||||||| |||||||| |||

1
TMOnN count value  0000H X0001HX X N Xo000HX0001HX X N XooooHX0001HX X N X
A A A !
Timer operation enabled C]ear Cllear !
CROON N N N N
| 1 1
INTTMOON |_| I_l I_
A A
Interrupt acknowledged Interrupt acknowledged
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7.4.2 PPG output operations
Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 7-31 allows operation as PPG (Programmable Pulse Generator) output.

The basic operation setting procedure is as follows.

<1> Set the CRCOnN register (see Figure 7-31 for the set value).

<2> Set any value to the CROON register as the cycle.

<3> Set any value to the CRO1n register as the duty factor.

<4> Setthe TOCON register (see Figure 7-31 for the set value).

<5> Set the count clock by using the PRMOn register.

<6> Set the TMCOn register to start the operation (see Figure 7-31 for the set value).

Caution To change the value of the duty factor (the value of the CR01n register) during operation, see
Caution 2 in Figure 7-33 PPG Output Operation Timing.

Remarks1. For the setting of the TOOn pin, see 7.3 (5) Port mode register 0 (PM0) to (7) Port mode
register 13 (PM13).
2. For how to enable the INTTMOON interrupt, see CHAPTER 17 INTERRUPT FUNCTIONS.
In the PPG output operation, rectangular waves are output from the TOOn pin with the pulse width and the cycle
that correspond to the count values preset in 16-bit timer capture/compare register 01n (CR01n) and in 16-bit timer

capture/compare register 00n (CR0OOnN), respectively.

Remark n=0to 3
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Figure 7-31. Control Register Settings for PPG Output Operation

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 0 0

\—‘—1— Clears and starts on match between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 (0] 0 X 0

L CROON used as compare register

CRO1n used as compare register

(c) 16-bit timer output control register On (TOCOn)

~

OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEON

TOCOn| O 0 0 1 on on 1 1
L L L Enables TOOnN output.

Inverts output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F (setting “11” is prohibited).

Inverts output on match between TMOn and CRO1n.

Disables one-shot pulse output.

(d) Prescaler mode register On (PRMOnN)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMOn0

PRMOn| 0/1 | 0/1 | 0N 0/1 0 0 0/1 0/1

L L \_i

Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Cautions 1. Values in the following range should be set in CR00n and CR01n:
0000H < CRO1n < CROON < FFFFH
2. The cycle of the pulse generated through PPG output (CR0O0n setting value + 1) has a duty of
(CRO1n setting value + 1)/(CR0O0N setting value + 1).

Remark x: Don’t care
n=0to3
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Figure 7-32. Configuration Diagram of PPG Output

16-bit timer capture/compare
register 00n (CROON)

J

fers (frRs)Note ———————————
frrs/22 (frrs/24)Neote :g
Q2 16-bit timer counter On Clear
frrs/28 (fers/26)Note 3 (TMOn) circuit
TIO0O/PO0  @~] Noise | ] ks
(TI001/P05) eliminator °
Tioo2P31 | 5 TOO00/TIO10/PO1
(TI003/P131) fors S (TOO1/TI011/P06)
j=3 TOO02/TI012/P32
a (TOO3/TI013/P132)Nete

16-bit timer capture/compare
register 01n (CRO1n)

Note Frequencies and pin names without parentheses are for 16-bit timer/event counter 00 and 02, and those in
parentheses are for 16-bit timer/event counter 01 and 03.

Figure 7-33. PPG Output Operation Timing

1 t 1

B
1 1
1 1

Count clock | | | | | | | | | | I | | | | | I | | | | |
T™on count value N YooooroootHY || v — 1 m X O X0000HX0001|-|X
C?ear E Cgar

N )
v

ro_| LI

CROON capture value

CRO1n capture value

Pulse width: (M + 1) x t

1cycle: (N+1)xt

Cautions 1. CRO0On cannot be rewritten during TMOn operation.
2. In the PPG output operation, change the pulse width (rewrite CR01n) during TMOn operation
using the following procedure.
<1> Disable the timer output inversion operation by match of TMOn and CR01n (TOCOn4 = 0)
<2> Disable the INTTMO1n interrupt (TMMKO1n = 1)
<3> Rewrite CRO1n
<4> Wait for 1 cycle of the TMOn count clock
<5> Enable the timer output inversion operation by match of TMOn and CR01n (TOCOn4 = 1)
<6> Clear the interrupt request flag of INTTMO1n (TMIFO1n = 0)
<7> Enable the INTTMO1n interrupt (TMMKO1n = 0)

Remarks 1. 0000H <M < N < FFFFH
2. n=0to3
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7.4.3 Pulse width measurement operations
It is possible to measure the pulse width of the signals input to the TI0OOn pin and TIO1n pin using 16-bit timer

counter On (TMOn).

There are two measurement methods: measuring with TMOn used in free-running mode, and measuring by
restarting the timer in synchronization with the edge of the signal input to the TI00On pin.

When an interrupt occurs, read the valid value of the capture register, check the overflow flag, and then calculate
the necessary pulse width. Clear the overflow flag after checking it.

The capture operation is not performed until the signal pulse width is sampled in the count clock cycle selected by
prescaler mode register On (PRMOn) and the valid level of the TI0On or TIO1n pin is detected twice, thus eliminating
noise with a short pulse width.

Figure 7-34. CR01n Capture Operation with Rising Edge Specified

Count clock _| | | | | | l | | | |
|

l
™on _ Y N-3 T N-2 [ N-1 lil L ~+1 X

TI0ON [ A

Rising edge detection | | l

CRO1n X

|
|
N
|
INTTMO1n | |

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figures 7-35, 7-38, 7-40, and 7-42 for the set value).
<2> Set the count clock by using the PRMOn register.
<3> Set the TMCOn register to start the operation (see Figures 7-35, 7-38, 7-40, and 7-42 for the set value).

Caution To use two capture registers, set the TI0OOn and TIO1n pins.

Remarks 1. For the setting of the TIOOn (or TI01n) pin, see 7.3 (5) Port mode register 0 (PMO0) to (7) Port
mode register 13 (PM13).
2. For how to enable the INTTMOOn (or INTTMO1n) interrupt, sce CHAPTER 17 INTERRUPT
FUNCTIONS.
3. n=0to3
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(1) Pulse width measurement with free-running counter and one capture register
When 16-bit timer counter On (TMOn) is operated in free-running mode, and the edge specified by prescaler mode
register On (PRMOn) is input to the TIOOn pin, the value of TMOn is taken into 16-bit timer capture/compare
register 01n (CRO1n) and an external interrupt request signal (INTTMO1n) is set.
Specify both the rising and falling edges of the TIOOn pin by using bits 4 and 5 (ESOn0 and ESOn1) of PRMON.
Sampling is performed using the count clock selected by PRMOn, and a capture operation is only performed
when a valid level of the TI0OOn pin is detected twice, thus eliminating noise with a short pulse width.

Figure 7-35. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and One Capture Register (When TIOOn and CR01n Are Used)

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFON

TMCOn| O 0 0 0 0 1 0/1 0

\—‘—1— Free-running mode

(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 0/1 0

L CROON used as compare register

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMOnO

PRMOn | 0/1 01 1 1 0 0 01 01

\ | \ |
Selects count clock (setting “11” is prohibited).

Specifies both edges for pulse width detection.

Setting invalid (setting “10” is prohibited.)
Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.

See the description of the respective control registers for details.
n=0to3

User's Manual U17554EJ4V0OUD 199



CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 TO 03

Figure 7-36. Configuration Diagram for Pulse Width Measurement with Free-Running Counter

fers (frrs)Note ——=
frrs/22 (fers/24)Note — % 16-bit timer counter On OVFOn
° (TMOn)
frrs/28 (fers/28)Note —w| &P ‘ ‘
16-bit timer capture/compare
TioOn © register 01n (CRO1n)
@ INTTMO1n
{ Internal bus ¢

Note Frequencies without parentheses are for 16-bit timer/event counter 00 and 02, and those in parentheses are
for 16-bit timer/event counter 01 and 03.

Figure 7-37. Timing of Pulse Width Measurement Operation with Free-Running Counter
and One Capture Register (with Both Edges Specified)

| t |

-

TMon count value  JooooroootHY || X Do Yoo+ |\ X ?1 Xor+ X ) Xerrrroooory || X sz X ?SX

TIOON pin input | S-| |
—S |

CRO1n capture value \\ x DO \\ X D1 \

]
|

B >
Q
]
-
@)
W

|
|
INTTMO1n [ |_| (- ( (( | |\ (( | |
1 a— 1 — )] ) v D
| | )) | |
OVFOn (. (. ( | ! (‘l Note 1
D (D a— )] ‘ ‘
' (D1-DO)xt (10000H — D1 + D2) x t . (D3-D2)xt !

Note Clear OVFOn by software.

Remark n=0t0o3
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)

Measurement of two pulse widths with free-running counter

When 16-bit timer counter On (TMOn) is operated in free-running mode, it is possible to simultaneously measure
the pulse widths of the two signals input to the TI00n pin and the TIO1n pin.

When the edge specified by bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode register On (PRMOn) is input to
the TI100n pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n (CR01n) and an interrupt
request signal (INTTMO1n) is set.

Also, when the edge specified by bits 6 and 7 (ES1n0 and ES1n1) of PRMOn is input to the TI0O1n pin, the value
of TMOn is taken into 16-bit timer capture/compare register 00n (CROOn) and an interrupt request signal
(INTTMOON) is set.

Specify both the rising and falling edges as the edges of the TI00On and TI0O1n pins, by using bits 4 and 5 (ESOn0
and ESOn1) and bits 6 and 7 (ES1n0 and ES1n1) of PRMOn.

Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn), and a
capture operation is only performed when a valid level of the TIOOn or TIO1n pin is detected twice, thus
eliminating noise with a short pulse width.

Figure 7-38. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 0 1 0/1 0

—r

(b) Capture/compare control register On (CRCOn)

Free-running mode

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 0 1

L CROON used as capture register

Captures valid edge of TI01n pin to CR0ON.

CRO1n used as capture register

(c) Prescaler mode register On (PRMOn)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMOnO

PRMOn| 1 1 1 1 0 0 01 0/1

\ ! \ ! \_i

Selects count clock (setting “11” is prohibited).

Specifies both edges for pulse width detection.

Specifies both edges for pulse width detection.
Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.

See the description of the respective control registers for details.
n=0to3
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Figure 7-39. Timing of Pulse Width Measurement Operation with Free-Running Counter
(with Both Edges Specified)

| t |

= TP UL
TMon count value  J0ooor)oootHY | XDO Xoo+ 1Y | XD1 Xot+ 1)\ XerrrrfooooH) \\on Xo2+ifo2+2f || X D3

TI0ON pin input (
—s

xD1 {

<]
w)
S

CRO1n capture value

INTTMO1n | |_|

|
TI01n pin input |
|

[
)]
CROON capture value \\

|

|

|

l

D1 \ \ X D2+ 1
I I I
| | | |
INTTMOON (! ( |_| ( (. ! (|
D ) ) ) : D
|
OVFOn [ | [ (( | ) Note ‘
) ) )7 |—@

(10000H — D1 + (D2 + 1)) x t

Note Clear OVFOn by software.

Remark n=0to3
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(3) Pulse width measurement with free-running counter and two capture registers
When 16-bit timer counter On (TMOn) is operated in free-running mode, it is possible to measure the pulse width
of the signal input to the TI0OOnN pin.
When the rising or falling edge specified by bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode register On
(PRMON) is input to the TIOOn pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n
(CR0O1n) and an interrupt request signal (INTTMO1n) is set.
Also, when the inverse edge to that of the capture operation is input into CRO1n, the value of TMOn is taken into
16-bit timer capture/compare register 00n (CROON).
Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn), and a
capture operation is only performed when a valid level of the TIOOn pin is detected twice, thus eliminating noise
with a short pulse width.

Figure 7-40. Control Register Settings for Pulse Width Measurement with Free-Running Counter and
Two Capture Registers (with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 0 1 0/ 0

S

(b) Capture/compare control register On (CRCOn)

Free-running mode

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 1 1

L CROON used as capture register

Captures to CR0OOnN at inverse edge
to valid edge of TIOOn.

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMONn0O

PRMOn | 0/1 01 0 1 0 0 0/1 | on

\ | \ |
Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)
Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.

See the description of the respective control registers for details.
n=0to3
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Figure 7-41. Timing of Pulse Width Measurement Operation with Free-Running Counter
and Two Capture Registers (with Rising Edge Specified)

| t |

- -

T™on count value  YoooooootHY || X Do Xoo X |\ X ?1 Xor+ 1) ) XerrerooooHk 1 X D2 Yoo+ 1f 1\ X ?3X

TI0ON pin input J_—”'l ; ' {) : q :
L Ao ] ) LKoo )
\ | ) \

CRO1n capture value \

CROON capture value \

INTTMO1n

((
)

' (D1-DO)xt (10000H — D1 + D2) x t

OVFOn

((
1)

Note Clear OVFOn by software.

(4) Pulse width measurement by means of restart
When input of a valid edge to the TIOOn pin is detected, the count value of 16-bit timer counter On (TMON) is taken
into 16-bit timer capture/compare register 01n (CR01n), and then the pulse width of the signal input to the TI00n
pin is measured by clearing TMOn and restarting the count operation.
Either of two edges—rising or falling—can be selected using bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode
register On (PRMON).
Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn) and a
capture operation is only performed when a valid level of the TIOOn pin is detected twice, thus eliminating noise
with a short pulse width.

Remark n=01t03
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Figure 7-42. Control Register Settings for Pulse Width Measurement by Means of Restart
(with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 0 0/1 0

—T

(b) Capture/compare control register On (CRCOn)

Clears and starts at valid edge of TI00n pin.

7 6 5 4 3 CRCOn2 CRCOn1 CRCOON

CRCOn| © 0 0 0 0 1 1 1

L CROON used as capture register

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESON0 3 2  PRMOn1 PRMOn0

PRMOn| 0/ 01 0 1 0 0 0/1 0/1

\ ! \ ! \_i

Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Captures to CROOn at inverse edge to valid edge of TIOOn.

Figure 7-43. Timing of Pulse Width Measurement Operation by Means of Restart (with Rising Edge Specified)

Count clock | | | | | | | I | | | | | I | | | I | | | | | |
T™on count value  ooooHfoootHK || X Do Yoooor)oootH 1 X |1 X D2 YooooroootkX
: ; :

TI0ON pin input | } | } | } |

(
)

CRO1n capture value \\ XDO \\ X D2
\

CROON capture value

INTTMO1n B | |_| | B | |_|
)] )]

Remark n=0to3
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7.4.4 External event counter operation

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figure 7-44 for the set value).

<2> Set the count clock by using the PRMOnN register.

<3> Set any value to the CROON register (0000H cannot be set).

<4> Set the TMCOn register to start the operation (see Figure 7-44 for the set value).

Remarks 1. For the setting of the TI0OOn pin, see 7.3 (5) Port mode register 0 (PMO0) to (7) Port mode
register 13 (PM13).
2. For how to enable the INTTMOOnN interrupt, sse CHAPTER 17 INTERRUPT FUNCTIONS.

The external event counter counts the number of external clock pulses input to the TIOOn pin using 16-bit timer
counter On (TMOn).

TMOn is incremented each time the valid edge specified by prescaler mode register On (PRMOn) is input.

When the TMOn count value matches the 16-bit timer capture/compare register 00n (CR0OOn) value, TMOn is
cleared to 0 and the interrupt request signal (INTTMOON) is generated.

Input a value other than 0000H to CR0OON (a count operation with 1-bit pulse cannot be carried out).

Any of three edges—ising, falling, or both edges—can be selected using bits 4 and 5 (ESOn0 and ESOn1) of
prescaler mode register On (PRMON).

Sampling is performed using the internal clock (frrs) and an operation is only performed when a valid level of the
TI00nN pin is detected twice, thus eliminating noise with a short pulse width.
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Figure 7-44. Control Register Settings in External Event Counter Mode (with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 (4 0

—r—

(b) Capture/compare control register On (CRCOn)

Clears and starts on match between TMOn and CROON.

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 01 0/1 0

L CROON used as compare register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMOnO

PRMOn | 0/1 01 0 1 0 0 1 1

\ ! \ ! \_i

Selects external clock.

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)
Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with the external event counter.

See the description of the respective control registers for details.
n=0to3
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Figure 7-45. Configuration Diagram of External Event Counter

) Internal bus !

{

16-bit timer capture/compare
register 00n (CROON)

U Match

INTTMOON
ﬁ Clear

Valid edge of TIOOn pin ©@———={ Noise eliminator 16-bit timer counter On (TMOn) OVFOnNete

!

fers

Note OVFOn is set to 1 only when CROOn is set to FFFFH.

Figure 7-46. External Event Counter Operation Timing (with Rising Edge Specified)

TIOOnplnlnputI|||||||||||||S(Illlllllllllll

| L !
TMOnN count value  0000HX0001H 0002H {0003H X 0004H § 0005H X \\ XN—1X N YooooHX0001H)0002H {000sH

CROON N |\
1T

=

INTTMOON

Caution When reading the external event counter count value, TMOn should be read.

Remark n=0to3
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7.4.5 Square-wave output operation

The basic operation setting procedure is as follows.

<1> Set the count clock by using the PRMOn register.

<2> Set the CRCOnN register (see Figure 7-47 for the set value).

<3> Set the TOCON register (see Figure 7-47 for the set value).

<4> Set any value to the CROON register (0000H cannot be set).

<5> Set the TMCOn register to start the operation (see Figure 7-47 for the set value).

Caution CR0ONn cannot be rewritten during TMOn operation.

Remarks 1. For the setting of the TOOn pin, see 7.3 (5) Port mode register 0 (PM0) to (7) Port mode
register 13 (PM13).
2. For how to enable the INTTMOOnN interrupt, see CHAPTER 17 INTERRUPT FUNCTIONS.

A square wave with any selected frequency can be output at intervals determined by the count value preset to 16-
bit timer capture/compare register 00n (CROOn).

The TOON pin output status is reversed at intervals determined by the count value preset to CROOn + 1 by setting
bit 0 (TOEON) and bit 1 (TOCOn1) of 16-bit timer output control register On (TOCON) to 1. This enables a square wave
with any selected frequency to be output.

Figure 7-47. Control Register Settings in Square-Wave Output Mode (1/2)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 0 0

—t—

(b) Capture/compare control register On (CRCOn)

Clears and starts on match between TMOn and CROON.

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 01 0/1 0

L CROON used as compare register
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Figure 7-47. Control Register Settings in Square-Wave Output Mode (2/2)

(c) 16-bit timer output control register On (TOCOn)

7 OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEOn

TOCOn| O | O | O | O | 0A |01 | 1 1
L | L |

L Enables TOON output.

— Inverts output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F (setting “11” is prohibited).

Does not invert output on match between TMOn and CRO1n.

Disables one-shot pulse output.

(d) Prescaler mode register On (PRMOnN)

ES1n1 ES1n0 ESOn1 ESOn0 3 2 PRMOn1 PRMONnO

PRMOn| 0/1 01 01 0/1 0 0 01 0/1

\ \ \ \ \_li

Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with square-wave output. See the
description of the respective control registers for details.
n=0to3

Figure 7-48. Square-Wave Output Operation Timing

Countclockllllllll ||||I||||||| |||||||

TMOn count value  {0000H ) 0001H) 0002H X \\ XN-1f N YooooH)0001HX0002H) \\ YN-1X N )X ooooH
CROON N \\ \\
INTTMOOn | [ " [
)] !

TOON pin output J

Remark n=0to3
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7.4.6 One-shot pulse output operation

16-bit timer/event counter On can output a one-shot pulse in synchronization with a software trigger or an external
trigger (TI0OON pin input).

The basic operation setting procedure is as follows.

<1> Set the count clock by using the PRMOn register.

<2> Set the CRCOn register (see Figures 7-49 and 7-51 for the set value).

<3> Set the TOCON register (see Figures 7-49 and 7-51 for the set value).

<4> Set any value to the CR0O0On and CRO1n registers (0000H cannot be set).

<5> Set the TMCOn register to start the operation (see Figures 7-49 and 7-51 for the set value).

Remarks 1. For the setting of the TOOnN pin, see 7.3 (5) Port mode register 0 (PMO0) to (7) Port mode register
13 (PM13).
2. For how to enable the INTTMOOn (if necessary, INTTMO1n) interrupt, see CHAPTER 17
INTERRUPT FUNCTIONS.

(1) One-shot pulse output with software trigger
A one-shot pulse can be output from the TOOn pin by setting 16-bit timer mode control register On (TMCOn),
capture/compare control register On (CRCOn), and 16-bit timer output control register On (TOCOn) as shown in
Figure 7-49, and by setting bit 6 (OSPTOnN) of the TOCON register to 1 by software.
By setting the OSPTOn bit to 1, 16-bit timer/event counter On is cleared and started, and its output becomes
active at the count value (N) set in advance to 16-bit timer capture/compare register 01n (CRO1n). After that, the
output becomes inactive at the count value (M) set in advance to 16-bit timer capture/compare register 00n
(CROON)™ "™,
Even after the one-shot pulse has been output, the TMOn register continues its operation. To stop the TMOn
register, the TMCOn3 and TMCON2 bits of the TMCOn register must be set to 00.

Note The case where N < M is described here. When N > M, the output becomes active with the CR0OOn
register and inactive with the CRO1n register. Do not set N to M.

Cautions 1. Do not set the OSPTOn bit while the one-shot pulse is being output. To output the one-
shot pulse again, wait until the current one-shot pulse output is completed.
2. When using the one-shot pulse output of 16-bit timer/event counter On with a software
trigger, do not change the level of the TIOOn pin or its alternate-function port pin.
Because the external trigger is valid even in this case, the timer is cleared and started
even at the level of the TIOOn pin or its alternate-function port pin, resulting in the output
of a pulse at an undesired timing.

Remark n=01t0 3
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Figure 7-49. Control Register Settings for One-Shot Pulse Output with Software Trigger

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOni OVFOn
TMCOn|0‘0‘0‘0‘0‘1‘0‘0|

Free-running mode

(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO
CRCOnlO‘O‘O‘O‘O‘O‘ON‘Ol

B

CROON as compare register

CRO1n as compare register

(c) 16-bit timer output control register On (TOCOn)

7 OSPTOn OSPEOR TOCOn4 LVSOn LVROn TOCOn1 TOEOn
TOCOn|0‘0‘1‘1‘O/1‘O/1‘1‘1|

Enables TOON output.

———— Inverts output upon match
between TMOn and CROON.

Specifies initial value of
TOON output F/F (setting “11” is prohibited.)

Inverts output upon match
between TMOn and CRO1n.

Sets one-shot pulse output mode.

Set to 1 for output.

(d) Prescaler mode register On (PRMOnN)

ES1n1 ES1n0  ESOn1 ESOn0 3 2 PRMOn1 PRMONO
PRMOnl 01 ‘ on ‘ 0N ‘ on ‘ 0 ‘ 0 ‘ on ‘ on |

L L Li

Selects count clock.

Setting invalid
(setting “10” is prohibited.)
Setting invalid
(setting “10” is prohibited.)

Caution Do not set 0000H to the CR00On and CRO1n registers.

Remark n=0to3

212 User's Manual U17554EJ4VOUD



CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 TO 03

Figure 7-50. Timing of One-Shot Pulse Output Operation with Software Trigger

Set TMCOn to 04H
(TMOnN count starts)

CountclocklllllIl!llllllll!l

TMOn count  0000H 0001H) X NN+ Moo} O AN—1f N X M=t M M+ 1fm +2f

( ‘ ( ( ‘
)

CRO1n set value N N N
) | | ) L

N
CROOnN set value M M M M

OSPTON ! . "

INTTMO1n

INTTMOON

TOON pin output

Caution 16-bit timer counter On starts operating as soon as a value other than 00 (operation stop mode) is
set to the TMCONn3 and TMCON2 bits.

Remark N <M

(2) One-shot pulse output with external trigger
A one-shot pulse can be output from the TOOn pin by setting 16-bit timer mode control register On (TMCOn),
capture/compare control register On (CRCOn), and 16-bit timer output control register On (TOCOn) as shown in
Figure 7-51, and by using the valid edge of the TIOOn pin as an external trigger.
The valid edge of the TIOOn pin is specified by bits 4 and 5 (ESOn0O, ESOn1) of prescaler mode register On
(PRMOnN). The rising, falling, or both the rising and falling edges can be specified.
When the valid edge of the TIOOn pin is detected, the 16-bit timer/event counter is cleared and started, and the
output becomes active at the count value set in advance to 16-bit timer capture/compare register 01n (CR0O1n).
After that, the output becomes inactive at the count value set in advance to 16-bit timer capture/compare register
00n (CROON)"™.

Note The case where N < M is described here. When N > M, the output becomes active with the CR0OOn
register and inactive with the CRO1n register. Do not set N to M.

Caution Even if the external trigger is generated again while the one-shot pulse is output, it is ignored.

Remark n=0to 3
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Figure 7-51. Control Register Settings for One-Shot Pulse Output with External Trigger
(with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn
mcon| o | o | o | o | 1 | o | o | o |
Clears and starts at
valid edge of TI0On pin.
(b) Capture/compare control register On (CRCOn)
7 6 5 4 3 CRCOn2 CRCOnt1 CRCONnO
creon| o | o | o [ o | o [ o | o1 | o |
L CROON used as compare register
CRO1n used as compare register
(c) 16-bit timer output control register On (TOCOn)
7 OSPTOn OSPEOn TOCONn4 LVSOn LVROn TOCOn1 TOEONn
Tocon| o | o | 1 | 1 [ on [ o | 1 | 1
L Enables TOON output.
Inverts output upon match
between TMOn and CROON.
Specifies initial value of
TOON output F/F (setting “11” is prohibited.)
Inverts output upon match
between TMOn and CRO1n.
Sets one-shot pulse output mode.
(d) Prescaler mode register On (PRMOnN)
ES1n1 ES1n0 ESOn1  ESONnO 3 2 PRMOn1 PRMONO
PRMOnl 01 ‘ on ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 01 ‘ 0N |

Selects count clock
(setting “11” is prohibited).

Specifies the rising edge
for pulse width detection.

Setting invalid
(setting “10” is prohibited.)

Caution Do not set the CR0O0n and CRO1n registers to 0000H.

Remark n=0to3
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Figure 7-52. Timing of One-Shot Pulse Output Operation with External Trigger (with Rising Edge Specified)

When TMCOn is set to 08H
(TMOn count starts)

.

Count clock I | I | I I | I

TMOn count value  0000H {0001H) XfOOOOHX X N XN+ 1XN+2f M—2fM—1X M M+ 1fm + 2)

( ‘ ( ‘
T

(

CRO1n set value N " N " N " N

CROON set value M ‘ M ‘ M I\‘/I
TIOON pin input . _L‘ "
INTTMO1n : : :
INTTMOON " " "
TOON pin output ) ) K

Caution 16-bit timer counter On starts operating as soon as a value other than 00 (operation stop mode) is
set to the TMCOn2 and TMCOnN3 bits.

Remark N <M
n=0to3
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7.5 Special Use of TMOn

7.5.1 Rewriting CRO1n during TMOn operation

In principle, rewriting CROOn and CRO1n of the 78K0/FE2 when they are used as compare registers is prohibited
while TMOn is operating (TMCOn3 and TMCOn2 = other than 00).

However, the value of CRO1n can be changed, even while TMOn is operating, using the following procedure if
CRO1n is used for PPG output and the duty factor is changed (change the value of CRO1n immediately after its value
matches the value of TMOn. If the value of CRO1n is changed immediately before its value matches TMOn, an

unexpected operation may be performed).

| Procedure for changing value of CRO1n |

<1>
<2>
<3>
<4>
<5>
<6>

<7>

Disable interrupt INTTMO1n (TMMKO1n = 1).

Disable reversal of the timer output when the value of TMOn matches that of CR01n (TOCOn4 = 0).
Change the value of CRO1n.

Wait for one cycle of the count clock of TMOn.

Enable reversal of the timer output when the value of TMOn matches that of CRO1n (TOCONn4 = 1).
Clear the interrupt flag of INTTMO1n (TMIFO1n = 0) to 0.

Enable interrupt INTTMO1n (TMMKO1n = 0).

Remark For TMIFO1n and TMMKO1n, see CHAPTER 17 INTERRUPT FUNCTIONS.

7.5.2 Setting LVSOn and LVRONn

(1) Usage of LVSOn and LVROn
LVSOn and LVRON are used to set the default value of the TOOn pin output and to invert the timer output without
enabling the timer operation (TMCONn3 and TMCOn2 = 00). Clear LVSOn and LVROn to 00 (default value: low-
level output) when software control is unnecessary.

LVSOn LVROn Timer Output Status
0 0 Not changed (low-level output)
0 1 Cleared (low-level output)
1 0 Set (high-level output)
1 1 Setting prohibited

Remark n=0to3
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(2) Setting LVSOn and LVRONn
Set LVSOn and LVROnN using the following procedure.

Figure 7-53. Example of Flow for Setting LVSOn and LVROn Bits

\

Setting TOCON.OSPEON, TOCON4, TOCON1 bits
\ <1> Setting of timer output operation
Setting TOCON.TOEON bit

|
Setting TOCON.LVSOn, LVRON bits <2> Setting of timer output F/F
|
Setting TMCONn.TMCOn3, TMCON2 bits <3> Enabling timer operation

Caution Be sure to set LVSOn and LVRON following steps <1>, <2>, and <3> above.
Step <2> can be performed after <1> and before <3>.

Figure 7-54. Timing Example of LVROn and LVSOn

TOCON.LVSOn bit

TOCON.LVRON bit

Operable bits 00 >

(TMCOn3, TMCOn2) (_01,10,or 11

TOON pin output

INTTMOOn signal

<1> <2> <1> <3><4> <4> <4>

<1> The TOOnN pin output goes high when LVSOn and LVROn = 10.

<2> The TOON pin output goes low when LVSOn and LVROn = 01 (the pin output remains unchanged from the
high level even if LVSOn and LVROnN are cleared to 00).

<3> The timer starts operating when TMCOn3 and TMCOn2 are set to 01, 10, or 11. Because LVSOn and
LVROn were set to 10 before the operation was started, the TOOn pin output starts from the high level.
After the timer starts operating, setting LVSOn and LVROn is prohibited until TMCOn3 and TMCOn2 = 00
(disabling the timer operation).

<4> The output level of the TOON pin is inverted each time an interrupt signal (INTTMOON) is generated.

Remark n=0to 3
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7.6 Cautions for 16-Bit Timer/Event Counters 00 to 03

(1) Restrictions for each channel of 16-bit timer/event counter On
Table 7-5 shows the restrictions for each channel.

Table 7-5. Restrictions for Each Channel of 16-Bit Timer/Event Counter On

Operation Restriction

As interval timer _

As square-wave output

As external event counter

As clear & start mode entered by | Using timer output (TOOnN) is prohibited when detection of the valid edge of the TI01n pin is
TIOON pin valid edge input used. (TOCOn = 00H)

As free-running timer -

As PPG output 0000H < CP01n < CROON < FFFFH
As one-shot pulse output Setting the same value to CR0OOn and CPO1n is prohibited.
As pulse width measurement Using timer output (TOON) is prohibited (TOCOn = 00H)

(2) Timer start errors
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.
This is because counting TMOn is started asynchronously to the count pulse.

Figure 7-55. Start Timing of TMOn Count

Countpuse __ | [ [ [ [ [ [ [[ |

TMOn count value ~ 0000H X 0001H X 0002H X 0003H X 0004H

Timer start
(3) Setting of CR0O0n and CRO1n (clear & start mode entered upon a match between TMOn and CR0ON)
Set a value other than 0000H to CR00On and CRO1n (TMOn cannot count one pulse when it is used as an external

event counter).

Remark n=0to3
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(4) Timing of holding data by capture register

(5)

(6)

(a) When the valid edge is input to the TIOOn/TI01n pin and the reverse phase of the TI00On pin is detected while

CRO0OON/CRO1n is read, CRO1n performs a capture operation but the read value of CROOn/CRO1n is not
guaranteed. At this time, an interrupt signal (INTTMOOn/INTTMO1n) is generated when the valid edge of the
TIOON/TI01n pin is detected (the interrupt signal is not generated when the reverse-phase edge of the TIOOn
pin is detected).

When the count value is captured because the valid edge of the TIOOn/TI01n pin was detected, read the

value of CROOn/CRO1n after INTTMOON/INTTMO1n is generated.

Figure 7-56. Timing of Holding Data by Capture Register

Count pulse _| L1 L1 1 I_:_l |_| |_| |_

TMOn count value X N XN+1 XN+2 X © X M XM+1 X M+2
Edge input | . |

INTTMO1n []

Capture read signal | |

Value captured to CRO1n X X . N+ 1 ¢
Capture operation Capture operation is performed

but read value is not guaranteed.

(b) The values of CROOn and CRO1n are not guaranteed after 16-bit timer/event counter On stops.

Setting valid edge

Set the valid edge of the TI0On pin while the timer operation is stopped (TMCOn3 and TMCOn2 = 00). Set the

valid edge by using ESOn0 and ESOn1.

Re-triggering one-shot pulse

Make sure that the trigger is not generated while an active level is being output in the one-shot pulse output mode.

Be sure to input the next trigger after the current active level is output.

Remark n=0to 3
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(7) Operation of OVFOn flag

(a) Setting OVFON flag (1)
The OVFOn flag is set to 1 in the following case, as well as when TMOn overflows.

Select the clear & start mode entered upon a match between TMOn and CROON.
2

Set CROONn to FFFFH.
A

When TMOn matches CR0On and TMOn is cleared from FFFFH to 0000H

Figure 7-57. Operation Timing of OVFOn Flag

Count pulse _| | | | | | | | |_

CROON FFFFH

TMon  FFFEH X FFFFH X 0000H X 0001H X

OVFOn
INTTMOON [

(b) Clearing OVFOn flag
Even if the OVFOn flag is cleared to O after TMOn overflows and before the next count clock is counted

(before the value of TMOn becomes 0001H), it is set to 1 again and clearing is invalid.

(8) One-shot pulse output
One-shot pulse output operates correctly in the free-running timer mode or the clear & start mode entered by the
TIOOn pin valid edge. The one-shot pulse cannot be output in the clear & start mode entered upon a match
between TMOn and CROON.

Remark n=0to3
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(9) Capture operation

(a)

(b)

(c)

(d)

When valid edge of TIOOn is specified as count clock
When the valid edge of TIOOn is specified as the count clock, the capture register for which TI0On is specified
as a trigger does not operate correctly.

Pulse width to accurately capture value by signals input to TI01n and TI0OOn pins
To accurately capture the count value, the pulse input to the TIOOn and TI01n pins as a capture trigger must
be wider than two count clocks selected by PRMOn (see Figure 7-13).

Generation of interrupt signal
The capture operation is performed at the falling edge of the count clock but the interrupt signals (INTTMOONn
and INTTMO1n) are generated at the rising edge of the next count clock (see Figure 7-13).

Note when CRCOn1 (bit 1 of capture/compare control register On (CRCOn)) is set to 1

When the count value of the TMOn register is captured to the CROOn register in the phase reverse to the
signal input to the TIOOn pin, the interrupt signal (INTTMOON) is not generated after the count value is
captured. If the valid edge is detected on the TlI01n pin during this operation, the capture operation is not
performed but the INTTMOON signal is generated as an external interrupt signal. Mask the INTTMOOn signal
when the external interrupt is not used.

(10) Edge detection

(a)

(b)

Specifying valid edge after reset

If the operation of the 16-bit timer/event counter On is enabled after reset and while the TIOOn or TI01n pin is
at high level and when the rising edge or both the edges are specified as the valid edge of the TI00n or TIO1n
pin, then the high level of the TIOOn or TI01n pin is detected as the rising edge. Note this when the TIOOn or
TI01n pin is pulled up. However, the rising edge is not detected when the operation is once stopped and
then enabled again.

Sampling clock for eliminating noise

The sampling clock for eliminating noise differs depending on whether the valid edge of TI0On is used as the
count clock or capture trigger. In the former case, the sampling clock is fixed to frrs. In the latter, the count
clock selected by PRMOn is used for sampling.

When the signal input to the TIOOn pin is sampled and the valid level is detected two times in a row, the valid
edge is detected. Therefore, noise having a short pulse width can be eliminated (see Figure 7-13).

(11) Timer operation
The signal input to the TIOON/TI0O1n pin is not acknowledged while the timer is stopped, regardless of the

operation mode of the CPU.

Remarks 1. frrs: Peripheral hardware clock frequency

2. n=0to 3
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8.1 Functions of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 have the following functions.

e Interval timer

e External event counter

e Square-wave output

e PWM output

Figures 8-1 and 8-2 show the block diagrams of 8-bit timer/event counters 50 and 51.

Figure 8-1. Block Diagram of 8-Bit Timer/Event Counter 50

Internal bus

U

© TO50/TI50/
P17

8-bit timer compare
register 50 (CR50 5 Selector INTTM50
TI50/TO50/ gster 50 (CRS0) 3 |Selector
P170—] Match | S Note 1 To TMHO
fos —= o[ — To UARTO
ffPR%ZZ — g s S Q 5 To UART6
frese o 2 | [ebittimer OVF =D 5 L 8
frrs/28 — @ counter 50 (TM50) R 3
frrs/213  ——=
Clear 1
Note 2 Output latch
3 S [ [inven (b17)
R level
Selemi
—t L |1
[reLso2lteLsotfreLsod] [TCE50TMC506 |LVS50|LVR50/TMC501 [TOE50)
Timer clock selection 8-bit timer mode control
register 50 (TCL50) register 50 (TMC50)

Internal bus

Notes 1.

Timer output F/F

2. PWM output F/F
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Figure 8-2. Block Diagram of 8-Bit Timer/Event Counter 51

2 Internal bus

U

8-bit timer compare
register 51 (CR51)

TI51/TO51/P33/INTP4 ©— Match
frRs —=
fers/2 —

fers/2%  —=

INTTMS51

Note 1

Mask circuit

Selector

— Q I}
frrg/2® —| © | [8bittimer OVF = D)5 L DTS
frRs/28  ——= counter 51 (TM51) R g
frrs/212  ——=
Clear .}
Note 2 Output latch
bay | [PM33
3 S Invert
R level
Soedior] *
.

TCL512 TOL510 |TCE51 [TMC516 |LVS51] LVR51|TMC511 [TOE51|
Timer clock selection 8-bit timer mode control

register 51 (TCL51) register 51 (TMC51)

TO51/T151/

@ P33/INTP4

Internal bus

Notes 1. Timer output F/F
2. PWM output F/F
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8.2 Configuration of 8-Bit Timer/Event Counters 50 and 51
8-bit timer/event counters 50 and 51 include the following hardware.

Table 8-1. Configuration of 8-Bit Timer/Event Counters 50 and 51

ltem Configuration

Timer register 8-bit timer counter 5n (TM5n)

Register 8-bit timer compare register 5n (CR5n)

Timer input TI5n

Timer output TO5n

Control registers Timer clock selection register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)
Port mode register 1 (PM1) or port mode register 3 (PM3)
Port register 1 (P1) or port register 3 (P3)

(1) 8-bit timer counter 5n (TM5n)
TM5n is an 8-bit register that counts the count pulses and is read-only.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 8-3. Format of 8-Bit Timer Counter 5n (TM5n)

Address: FF16H (TM50), FF1FH (TM51) After reset: 00H R

Symbol 7 6 5 4 3 2 1 0

o [T T T T T T T

In the following situations, the count value is cleared to 00H.

<1> Reset signal generation

<2> When TCE5n is cleared

<3> When TM5n and CR5n match in the mode in which clear & start occurs upon a match of the TM5n and
CR5n.

Remark n=0,1
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(2) 8-bit timer compare register 5n (CR5n)
CR5n can be read and written by an 8-bit memory manipulation instruction.
Except in PWM mode, the value set in CR5n is constantly compared with the 8-bit timer counter 5n (TM5n) count
value, and an interrupt request (INTTM5n) is generated if they match.
In PWM mode, when the TO5n pin becomes active due to a TM5n overflow and the values of TM5n and CR5n
match, the TO5n pin becomes inactive.
The value of CR5n can be set within 00H to FFH.
Reset signal generation clears CR5n to O0H.

Figure 8-4. Format of 8-Bit Timer Compare Register 5n (CR5n)

Address: FF17H (CR50), FF41H (CR51) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

e [T T T T T T T ]

Cautions 1. In the mode in which clear & start occurs on a match of TM5n and CR5n (TMC5n6 = 0), do
not write other values to CR5n during operation.
2. In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock
selected by TCL5n) or more.

Remark n=0,1
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8.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51
The following four registers are used to control 8-bit timer/event counters 50 and 51.
e Timer clock selection register 5n (TCL5n)
¢ 8-bit timer mode control register 5n (TMC5n)
e Port mode register 1 (PM1) or port mode register 3 (PM3)

e Port register 1 (P1) or port register 3 (P3)

(1) Timer clock selection register 5n (TCL5n)

This register sets the count clock of 8-bit timer/event counter 5n and the valid edge of the TI5n pin input.

TCL5n can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears TCL5n to 00H.

Remark n=0,1

Figure 8-5. Format of Timer Clock Selection Register 50 (TCL50)

Address: FF6AH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL50 0 0 0 0 0 TCL502 TCL501 TCL500
TCL502 TCL501 TCL500 Count clock selection
frRs = 4 frRs = 8 frrRs = 10 frrs = 20
MHz MHz MHz MHz
0 0 0 TI50 pin falling edge"*®’
0 0 1 TI50 pin rising edge™*?
0 1 0 frrs 4 MHz 8 MHz 10 MHz 20 MHz
0 1 1 frrs/2 2 MHz 4 MHz 5 MHz 10 MHz
1 0 0 frrs/2 1 MHz 2 MHz 2.5 MHz 5 MHz
1 0 1 frrs/2° 62.5 kHz 125 kHz 156.25 kHz | 312.5 kHz
1 1 0 frrs/2° 15.62 kHz | 31.25kHz | 39.06 kHz | 78.13 kHz
1 1 1 frrs/2" 0.48 kHz 0.97 kHz 1.22 kHz 2.44 kHz
Notes 1. In the on-board mode, the FLMDO pin falling edge is selected.

2. Inthe on-board mode, the FLMDO pin rising edge is selected.

Cautions 1. When rewriting TCL50 to other data, stop the timer operation beforehand.

2. Be sure to set bits 3to 7to0 0.

Remark frrs: Peripheral hardware clock frequency
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Figure 8-6. Format of Timer Clock Selection Register 51 (TCL51)

Address: FF8CH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 TCL512 TCL511 TCL510
TCL512 TCL511 TCL510 Count clock selection
frrs = 4 frrRs = 8 frrRs = 10 frrs = 20
MHz MHz MHz MHz
0 0 0 TI51 pin falling edge
0 0 1 TI51 pin rising edge
0 1 0 frrs 4 MHz 8 MHz 10 MHz 20 MHz
0 1 1 frrs/2 2 MHz 4 MHz 5 MHz 10 MHz
1 0 0 frrs/2°* 500 kHz 1 MHz 625 kHz 1.25 MHz
1 0 1 frrs/2° 62.5 kHz 125 kHz 156.25 kHz | 312.5 kHz
1 1 0 frrs/2° 15.62kHz | 31.25kHz |39.06 kHz | 78.13 kHz
1 1 1 frrs/2" 0.97 kHz 1.95 kHz 2.44 kHz 4.88 kHz

Cautions 1. When rewriting TCL51 to other data, stop the timer operation beforehand.

2. Be sure to set bits 3to 7to 0.

Remark frrs: Peripheral hardware clock frequency
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(2) 8-bit timer mode control register 5n (TMC5n)
TMC5n is a register that performs the following five types of settings.

<1> 8-bit timer counter 5n (TM5n) count operation control

<2>
<3>
<4>

<5>

8-bit timer counter 5n (TM5n) operating mode selection

Timer output F/F (flip flop) status setting
Active level selection in timer F/F control or PWM (free-running) mode.
Timer output control

TMC5n can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Remark n=0,1

Address: FF6BH

Figure 8-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: OOH R/W"™

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC50 TCE50 TMC506 0 0 LVS50 LVR50 TMC501 TOES50

TCE50 TM50 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

TMC506 TM50 operating mode selection
0 Mode in which clear & start occurs on a match between TM50 and CR50
1 PWM (free-running) mode

LVS50 LVR50 Timer output F/F status setting

0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TMC501 In other modes (TMC506 = 0) In PWM mode (TMC506 = 1)

Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low
TOE50 Timer output control

0 Qutput disabled (TM50 output is low level)
1 Output enabled

Note Bits 2 and 3 are write-only.

(Refer to Cautions and Remarks on the next page.)
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Figure 8-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

Address: FF43H  Afterreset: 00H R/W"™

Symbol
TMC51

<7> 6 5 4 <3> <2> 1 <0>
TCE51 TMC516 0 0 LVS51 LVR51 TMC511 TOE51
TCE51 TM51 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start
TMC516 TM51 operating mode selection
0 Mode in which clear & start occurs on a match between TM51 and CR51
1 PWM (free-running) mode
LVS51 LVR51 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TMC511 In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)
Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low
TOES5A Timer output control
0 Output disabled (TM51 output is low level)
1 Qutput enabled

Note Bits 2 and 3 are write-only.

Cautions 1.
2.

Remarks 1.
2.
3.

The settings of LVS5n and LVR5n are valid in other than PWM mode.
Perform <1> to <4> below in the following order, not at the same time.
<1> Set TMC5n1, TMC5n6: Operation mode setting

<2> Set TOE5n to enable output: Timer output enable

<3> Set LVS5n, LVR5n (see Caution 1):  Timer F/F setting

<4> Set TCE5n

Stop operation before rewriting TMC5n6.

In PWM mode, PWM output is made inactive by clearing TCE5n to 0.

If LVS5n and LVR5n are read, the value is 0.

The values of the TMC5n6, LVS5n, LVR5n, TMC5n1, and TOE5n bits are reflected at the TO5n pin
regardless of the value of TCE5n.

n=0,1
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(3) Port mode registers 1 and 3 (PM1, PM3)
These registers set port 1 and 3 input/output in 1-bit units.

When using the P17/TO50/TI50 and P33/TO51/TI51/INTP4 pins for timer output, clear PM17 and PM33 and the
output latches of P17 and P33 to 0.

When using the P17/TO50/T150 and P33/TO51/TI51/INTP4 pins for timer input, set PM17 and PM33 to 1. The
output latches of P17 and P33 at this time may be 0 or 1.

PM1 and PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to FFH.

Figure 8-9. Format of Port Mode Register 1 (PM1)

Address: FF21H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 ‘ PM16 ‘ PM15 ‘ PM14 ‘ PM13 ‘ PM12 ‘ PM11 ‘ PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Figure 8-10. Format of Port Mode Register 3 (PM3)

Address: FF23H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30 |
PM3n P3n pin I/O mode selection (n =0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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8.4 Operations of 8-Bit Timer/Event Counters 50 and 51

8.4.1 Operation as interval timer

8-bit timer/event counter 5n operates as an interval timer that generates interrupt requests repeatedly at intervals
of the count value preset to 8-bit timer compare register 5n (CR5n).

When the count value of 8-bit timer counter 5n (TM5n) matches the value set to CR5n, counting continues with the
TM5n value cleared to 0 and an interrupt request signal (INTTM5n) is generated.

The count clock of TM5n can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n
(TCL5n).

<1> Set the registers.
e TCL5n: Select the count clock.
e CRb5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n
and CR5n.
(TMC5n = 0000xxx0B x = Don’t care)
<2> After TCE5Sn = 1 is set, the count operation starts.
<3> If the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
<4> INTTMbn is generated repeatedly at the same interval.
Set TCE5n to 0 to stop the count operation.

Caution Do not write other values to CR5n during operation.
Figure 8-11. Interval Timer Operation Timing (1/2)

(a) Basic operation

TMsn countvalue __ 00H XotHX X N XooHXotHX X N XooH¥otHX X N X
A A A !
Count start Clear Clear E
CR5n N o N o N Y

Interrupt acknowledged Interrupt acknowledged

Interval time Interval time

Remark Interval time = (N + 1) x t

N = 00H to FFH
n=0,1
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Figure 8-11. Interval Timer Operation Timing (2/2)

(b) When CR5n = 00H

lg—— !
1 1
1 1
Count clock | | | | | | | | | | | |
1 1 1 1 1 1
TM5n 00H ' OOH 1 O0H ! | | |
CR5n 00H ' 0OH

TCE5n|
INTTM5n ||||||||||||

1 1
-
1 1

Interval time

(c) When CR5n = FFH

| .
Count clock | | | | . I | I | I | | | I | . I | I | I | | | I |
TM5n [0t [ |FE|FFi00| N |FE|FFi00|
1 1
CR5n FF N FF | N FF

:

TCESn | |

1

INTTM5n [] [ ]

A A
Interrupt acknowledged Interrupt

1
1
! acknowledged
1

Interval time

Remark n=0, 1
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8.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses to be input to the TI5n pin by 8-bit timer
counter 5n (TM5n).

TM5n is incremented each time the valid edge specified by timer clock selection register 5n (TCL5n) is input.
Either the rising or falling edge can be selected.

When the TM5n count value matches the value of 8-bit timer compare register 5n (CR5n), TM5n is cleared to 0
and an interrupt request signal (INTTM5n) is generated.

Whenever the TM5n value matches the value of CR5n, INTTM5n is generated.

<1> Set each register.
e Set the port mode register (PM17 or PM33)"" to 1.
e TCL5n: Select TI5n pin input edge.
TI5n pin falling edge — TCL5n = 00H
TI5n pin rising edge — TCL5n = 01H
e CR5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on match of TM5n and
CRb5n, disable the timer F/F inversion operation, disable timer output.
(TMC5n = 0000xx00B x = Don't care)
<2> When TCESn = 1 is set, the number of pulses input from the TI5n pin is counted.
<3> When the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
<4> After these settings, INTTM5n is generated each time the values of TM5n and CR5n match.

Note 8-bit timer/event counter 50: PM17
8-bit timer/event counter 51: PM33

Figure 8-12. External Event Counter Operation Timing (with Rising Edge Specified)

e LT LT T LT L LfL

A l
Count start :
- |
TM5n countvalue _ X 00 X 01 X 02 X 03 X 04 Xo5s X  XN-1X N X 0o X 01 X 02 X 03 X
|
CR5n o N

INTTM5n []

Remark N =00H to FFH
n=0,1
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8.4.3 Square-wave output operation

A square wave with any selected frequency is output at intervals determined by the value preset to 8-bit timer
compare register 5n (CR5n).

The TO5n pin output status is inverted at intervals determined by the count value preset to CR5n by setting bit O
(TOE5N) of 8-bit timer mode control register 5n (TMC5n) to 1. This enables a square wave with any selected
frequency to be output (duty = 50%).

<1> Set each register.

Clear the port output latch (P17 or P33)"*° and port mode register (PM17 or PM33)"* to 0.

TCL5n: Select the count clock.

CR5n: Compare value

TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n and

CR5n.
LVS5n | LVR5n Timer Output F/F Status Setting
1 0 High-level output
0 1 Low-level output

Timer output F/F inversion enabled
Timer output enabled
(TMC5n = 00001011B or 00000111B)

<2> After TCE5Sn = 1 is set, the count operation starts.
<3> The timer output F/F is inverted by a match of TM5n and CR5n. After INTTM5n is generated, TM5n is
cleared to OOH.
<4> After these settings, the timer output F/F is inverted at the same interval and a square wave is output from
TO5N.
The frequency is as follows.
Frequency = 1/2t (N + 1)
(N: OOH to FFH)

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

Caution Do not write other values to CR5n during operation.

Remark n=0,1
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Figure 8-13. Square-Wave Output Operation Timing

ot 1

=]
Count clock | | | | I | I | I | I | I | I | I | I | I | I | I
o | o |
1 1
T™sn countvalue __00H Y otHYo2HY ~~ YN-1] N Yoon YotHJ o2} ~~ YN-1] N YooH

yAN 1 1
Count start X X
1 1

CR5n N 1 |

1
1
|
TO5nNote L [ |_

Note The initial value of TO5n output can be set by bits 2 and 3 (LVR5n, LVS5n) of 8-bit timer mode control
register 5n (TMC5n).

8.4.4 PWM output operation

8-bit timer/event counter 5n operates as a PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register 5n
(TMC5n) is set to 1.

The duty pulse determined by the value set to 8-bit timer compare register 5n (CR5n) is output from TO5n.

Set the active level width of the PWM pulse to CR5n; the active level can be selected with bit 1 (TMC5n1) of
TMC5n.

The count clock can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n (TCL5n).

PWM output can be enabled/disabled with bit 0 (TOE5n) of TMC5n.

Caution In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock selected
by TCL5n) or more.

Remark n=0, 1
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(1) PWM output basic operation

<1> Set each register.
¢ Clear the port output latch (P17 or P33)"* and port mode register (PM17 or PM33)"* to 0.
e TCL5n: Select the count clock.
e CR5n: Compare value
e TMC5n: Stop the count operation, select PWM mode.
The timer output F/F is not changed.

TMC5n1 Active Level Selection

0 Active-high

1 Active-low

Timer output enabled
(TMC5n = 01000001B or 01000011B)

<2> The count operation starts when TCE5n = 1.
Clear TCE5n to 0 to stop the count operation.

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

| PWM output operation |
<1> PWM output (output from TO5n) outputs an inactive level until an overflow occurs.

<2> When an overflow occurs, the active level is output. The active level is output untii CR5n matches the
count value of 8-bit timer counter 5n (TM5n).
<3> After the CR5n matches the count value, the inactive level is output until an overflow occurs again.
<4> Operations <2> and <3> are repeated until the count operation stops.
<5> When the count operation is stopped with TCE5n = 0, PWM output becomes inactive.
For details of timing, see Figures 8-14 and 8-15.
The cycle, active-level width, and duty are as follows.
e Cycle = 2%
o Active-level width = Nt
e Duty = N/2°
(N = 00H to FFH)

Remark n=0,1
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Figure 8-14. PWM Output Operation Timing

(a) Basic operation (active level = H)

|t|

Count clock |||| |||||||||| |||||| |||||||||| ||||||
TM5n __00H[01H] |FFH|OOH|01H|02H| | N |N+1| |FFH|00H|01H|O2H| |M| 00H
1
1 1

CR5n N . . . .
| | | | | |
TCE5N _I 0T 1 1 0T 1 0T 1 1 0T |
I I I I I 1 I
| 1 1 1 1 1 1
INTTM5n ! . [ ' . L I_I ' !
1 1 1
1 1 —
TOSn . . ' | |_ - '—l_ _|_
<1> * *
<2> Active level <3> Inactive level Actlve level

(b) CR5n = 00H

|t|

Countclock ___T LT S [ Iy A Iy RO I Iy Iy _I_L,.I_I_I_L

TM5n __00H [01H] . |FFH|00H|01H|02H| . TN |N+1|N+2| |FFH|00H|01H|02H| |M|00H
1
CRsn —_00H .. , S— S
! 1 1
TCE5n_| . ! o . i "_|_
1 1 ! :
INTTM5n ___ - 1 - .. |_I — !
TOsn L | . ! .. .. ! !
4 4
Inactive level Inactive level

(c) CR5n = FFH

1 t 1
TM5n —_00H [01H] |FFH|00H|01H|02H| TN INeIINe - |FFH|00H|01H|02H| - |M|00H

CR5n FFH . o . .
1 1 1 1 1 :
TCES5n . | . . T R
— o B :
INTTM5n ! N : . I o
; : ! L !
TO5n ! | |
1
f } . _
Inactive level Active level Active level Inactive level
Inactive level

Remarks 1. <1> to <3> and <5> in Figure 8-14 (a) correspond to <1> to <3> and <5> in | PWM output operation | in
8.4.4 (1) PWM output basic operation.
2. n=0,1
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(2) Operation with CR5n changed
Figure 8-15. Timing of Operation with CR5n Changed

(a) CRb5n value is changed from N to M before clock rising edge of FFH
— Value is transferred to CR5n at overflow immediately after change.

Lt

-
1 1
Countclock|||||||_||_||_||—||—||—||—||—||—||—||—||—||—||—||—||—|'—||—||—||—||—||—|I—|
1 1 1 1 1 1 1

1
TM5n_ N INs1IN+2] . [FEHRT 0oHToTHT02HT ST MMl T TFFHTOOHTOIHT02HT - - [ M M+ [W+2]

1
|
CRsn N A M : : . .
1 1 1 1 1 1 1 1
TCE5n H | | | | | | | |
INTTM5n X ! M ! I | | |
1 1 1 1 1 1 1
ToSn T L. : f 1 i |'
ﬁ L<2>
<1> CR5n change (N —» M)
(b) CR5n value is changed from N to M after clock rising edge of FFH
— Value is transferred to CR5n at second overflow.
[
-]
Count clock |||||||||||.|||||||||||||||||||||||||||||||||||||||||||

1 ! 1 1 1 1 1

T™M5n TN N2l .- Ao o on] 1. - [N INeiNe2l - - —TFrAoon (o o] - -~ T M IMeilv=2]
; ! ! ! ! : :
CR5n N X N . X M .
1 1 1 1 1 1 1
TCE5n ™ H | | | | | | |
INTTM5n ! "I ! ' m I |
1 1 1 1 1 1 1
TO5n | : | | : | |I

<1> CR5n change (N — M) <2>

Caution When reading from CR5n between <1> and <2> in Figure 8-15, the value read differs from the
actual value (read value: M, actual value of CR5n: N).
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8.5 Cautions for 8-Bit Timer/Event Counters 50 and 51

(1) Timer start error
An error of up to one clock may occur in the time required for a match signal to be generated after timer start

This is because 8-bit timer counters 50 and 51 (TM50, TM51) are started asynchronously to the count clock.
Figure 8-16. 8-Bit Timer Counter 5n Start Timing

Count clock | | | | | | | |

00H X 01H X 02H X 03H X 04H

TM5n count value

Timer start

Remark n=0,1
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9.1 Functions of 8-Bit Timers HO and H1
8-bit timers HO and H1 have the following functions.
e Interval timer
e PWM output mode
e Square-wave output
o Carrier generator mode (8-bit timer H1 only)
9.2 Configuration of 8-Bit Timers HO and H1

8-bit timers HO and H1 include the following hardware.

Table 9-1. Configuration of 8-Bit Timers HO and H1

Item Configuration
Timer register 8-bit timer counter Hn
Registers 8-bit timer H compare register On (CMPOn)
8-bit timer H compare register 1n (CMP1n)
Timer output TOHN
Control registers 8-bit timer H mode register n (TMHMDn)

8-bit timer H carrier control register 1 (TMCYC1)"*
Port mode register 1 (PM1)
Port register 1 (P1)

Note 8-bit timer H1 only

Remark n=0, 1

Figures 9-1 and 9-2 show the block diagrams.
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Figure 9-1. Block Diagram of 8-Bit Timer HO

8

Internal bus 8
8-bit timer H mode register 0
(TMHMDO)
ITMHEO ‘ CKS02 ‘ CKS01 ‘ CKS00 ‘TMMDO1 ‘TMMDOO ‘ TOLEVO ‘ TOENOI o o
8-bit timer H 8-bit timer H
compare register compare register
10 (CMP10) 00 (CMPOO)
3 2
Decoder ©TOHO/P15
Selector
Match [ Interrupt F/F Output Level Out(pPu1t 5I:;1tch PM15
generator LR_I controller inversion
frRs — ‘ ‘
frRs/2 — ™ 5 >—l_\
fers/22 —= § 8-bit timer
fpRs/2® ——= % — counter HO
frrs/210 ——=f @ Clear
8-bit timer/ ——=
event counter 50
output PWM mode signal \
Timer H enable signal {>o &L-
INTTMHO
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Figure 9-2. Block Diagram of 8-Bit Timer H1

Internal bus

8-bit timer H mode

register 1 (TMHMD1)

{

{

8-bit timer H carrier
control register 1

[ M1 | cks12 | ckst1 | cks1o [ D11 TMmD10| TOLEV1 | TOEN1 |

frrs/22 ——
frrs/24 ——
frrs/28 ——=
fPrs/212 ——

frRs ——

Selector

fRL ——
fa/2? ——
fa/29 ——

0

Carrier generator mode signal

8-bit timer H g-bittimer H | | RMC1| NRZB1| NRZ1 | (TMCYC1)
compare compare % % L
register 11 register 01
(CMP11) (CMPO1) . Reload/ INTTM51
interrupt control |« —
TOH1/
©INTP5/
P16
| Selector
Match | Interrupt F/F Output | Level Output latch
A PM16
] generator R controller —||nver5|on (P16)
8-bit timer
counter H1
Clear

PWM mode signal

Timer H enable signal

)

>

INTTMH1
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CHAPTER 9 8-BIT TIMERS HO AND H1

Q)

)

8-bit timer H compare register On (CMPOn)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in all of the
timer operation modes.

This register constantly compares the value set to CMPOn with the count value of the 8-bit timer counter Hn and,
when the two values match, generates an interrupt request signal (INTTMHn) and inverts the output level of
TOHN.

Rewrite the value of CMPOn while the timer is stopped (TMHEnN = 0).

A reset signal generation clears this register to 00H.

Figure 9-3. Format of 8-Bit Timer H Compare Register On (CMPOn)

Address: FFO2H (CMP00), FF1AH (CMPO1)  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

own [ [T [ [ T [ T ]

Caution CMPON cannot be rewritten during timer count operation. CMPOn can be refreshed (the same
value is written) during timer count operation.

8-bit timer H compare register 1n (CMP1n)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in the
PWM output mode and carrier generator mode.

In the PWM output mode, this register constantly compares the value set to CMP1n with the count value of the 8-
bit timer counter Hn and, when the two values match, inverts the output level of TOHNn. No interrupt request
signal is generated.

In the carrier generator mode, the CMP1n register always compares the value set to CMP1n with the count value
of the 8-bit timer counter Hn and, when the two values match, generates an interrupt request signal (INTTMHn).
At the same time, the count value is cleared.

CMP1n can be refreshed (the same value is written) and rewritten during timer count operation.

If the value of CMP1n is rewritten while the timer is operating, the new value is latched and transferred to CMP1n
when the count value of the timer matches the old value of CMP1n, and then the value of CMP1n is changed to
the new value. If matching of the count value and the CMP1n value and writing a value to CMP1n conflict, the
value of CMP1n is not changed.

A reset signal generation clears this register to 00H.

Figure 9-4. Format of 8-Bit Timer H Compare Register 1n (CMP1n)

Address: FFOEH (CMP10), FF1BH (CMP11)  After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0

own [ [T [ [ T T [ ]

Caution In the PWM output mode and carrier generator mode, be sure to set CMP1n when starting the
timer count operation (TMHENn = 1) after the timer count operation was stopped (TMHEn = 0)
(be sure to set again even if setting the same value to CMP1n).

Remark n=0,1
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9.3 Registers Controlling 8-Bit Timers HO and H1
The following four registers are used to control 8-bit timers HO and H1.

8-bit timer H mode register n (TMHMDn)

8-bit timer H carrier control register 1 (TMCYC1)"™*
¢ Port mode register 1 (PM1)

o Port register 1 (P1)

Note 8-bit timer H1 only
(1) 8-bit timer H mode register n (TMHMDn)
This register controls the mode of timer H.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Remark n=0,1
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CHAPTER 9 8-BIT TIMERS HO AND H1

Address: FF69H  After reset: 00H R/W

Symbol <7>

Figure 9-5. Format of 8-Bit Timer H Mode Register 0 (TMHMDO)

6

5

4

3

2

<1>

<0>

TMHMDOl TMHEO | CKS02 | CKSO01 | CKS00 |TMMDO1 |TMMDOO | TOLEVO | TOENO |

TMHEO Timer operation enable
0 Stops timer count operation (Counter is cleared to 0)
1 Enables timer count operation (Count operation started by inputting clock)
CKS02 CKSO01 CKS00 Count clock selection
frrs = 4 frrs=8 | frrs =10 | frrs =20
MHz MHz MHz MHz
0 0 0 frrs 4 MHz 8 MHz 10 MHz | 20 MHz
0 0 1 fers/2 2 MHz 4 MHz 5 MHz 10 MHz
0 1 0 frrs/2° 1 MHz 2 MHz 25MHz |5MHz
0 1 1 frrs/2° 62.5 kHz | 125 kHz | 156.25 kHz| 312.5 kHz
1 0 0 fers/2"° 3.90kHz |7.81kHz |9.77 kHz | 19.54 kHz
1 0 1 TM50 output™™®

Other than above

Setting prohibited

TMMDO1 | TMMDOO Timer operation mode
0 0 Interval timer mode
1 0 PWM output mode

Other than above

Setting prohibited

TOLEVO Timer output level control (in default mode)
0 Low level
1 High level

TOENO Timer output control
0 Disables output

Enables output

Note When TM50 output as the count clock.
e Setto PWM mode (TMC506 = 1) after the following order to bellow.
<1>Set the count clock to make the duty = 50%.
<2>Start the operation of 8-bit timer/event counter 50.
e Set to Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 =

0) after the following order to bellow.
<1>Enable the timer F/F inversion operation (TMC501 = 1).
<2>Start the operation of 8-bit timer/event counter 50.
It is not necessary to enable the TO50 pin as a timer output pin in any mode.
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Cautions 1. When TMHEO = 1, setting the other bits of TMHMDO is prohibited. However, TMHMDO can be
refreshed (the same value is written).
2. In the PWM output mode, be sure to set 8-bit timer H compare register 10 (CMP10) when
starting the timer count operation (TMHEO = 1) after the timer count operation was stopped
(TMHEO = 0) (be sure to set again even if setting the same value to CMP10).

Remarks 1. frrs: Peripheral hardware clock frequency
2. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50

Figure 9-6. Format of 8-Bit Timer H Mode Register 1 (TMHMD1)

Address: FFFAH  After reset: 00H R/W
Symbol <7> 6 5 4 3 2 <1> <0>
TMHMD1 | TMHE1 ’ CKS12 ’ CKS11 ’ CKS10 ’TMMD11 ’TMMD10 ’ TOLEVA ’ TOEN1 |

TMHE1 Timer operation enable
0 Stops timer count operation (Counter is cleared to 0)
1 Enables timer count operation (Count operation started by inputting clock)
CKS12 CKS11 CKS10 Count clock selection
frrs = 4 frrRs =8 | frrs =10 | frrs =20
MHz MHz MHz MHz
0 0 0 frrs 4 MHz 8 MHz 10 MHz | 20 MHz
0 0 1 frrs/2° 1 MHz 2 MHz 25MHz |5MHz
0 1 0 fers/2* 500 kHz | 1 MHz 625 kHz | 1.25 MHz
0 1 1 frrs/2° 62.5kHz | 125 kHz | 156.25 kHz| 312.5 kHz
1 0 0 frrs/2" 0.97 kHz | 1.95kHz | 2.44 kHz |4.88 kHz
1 0 1 fru/2’ 1.88 kHz (TYP.)
1 1 0 fr/2° 0.47 kHz (TYP.)
1 1 1 fRL 240 kHz (TYP.)
TMMD11 | TMMD10 Timer operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
0 0 Setting prohibited
TOLEVA Timer output level control (in default mode)
0 Low level
1 High level
TOEN1 Timer output control
0 Disables output
1 Enables output
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Cautions 1. When TMHE1 = 1, setting the other bits of TMHMD?1 is prohibited. However, TMHMD1 can be
refreshed (the same value is written).

2. In the PWM output mode and carrier generator mode, be sure to set 8-bit timer H compare
register 11 (CMP11) when starting the timer count operation (TMHE1 = 1) after the timer count
operation was stopped (TMHE1 = 0) (be sure to set again even if setting the same value to
CMP11).

3. When the carrier generator mode is used, set so that the count clock frequency of TMH1
becomes more than 6 times the count clock frequency of TM51.

Remarks 1. frrs: Peripheral hardware clock frequency
2. frL:  Internal low-speed oscillation clock frequency

(2) 8-bit timer H carrier control register 1 (TMCYC1)
This register controls the remote control output and carrier pulse output status of 8-bit timer H1.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 9-7. Format of 8-Bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FFEEH  After reset: 00H  R/WN°®

7 6 5 4 3 2 1 <0>
T™™cYct [ o 0 0 0 0 | RMC1 | NRZB1 | NRZ1 |

RMC1 NRZB1 Remote control output

0 0 Low-level output

0 1 High-level output at rising edge of INTTM51 signal input

1 0 Low-level output

1 1 Carrier pulse output at rising edge of INTTM51 signal input
NRZ1 Carrier pulse output status flag

0 Carrier output disabled status (low-level status)

1 Carrier output enabled status

(RMCH1 = 1: Carrier pulse output, RMC1 = 0: High-level status)

Note Bit O is read-only.
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(3) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P15/TOHO and P16/TOH1/INTP5 pins for timer output, clear PM15 and PM16 and the output
latches of P15 and P16 to 0.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 9-8. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 ’ PM16 ’ PM15 ’ PM14 ’ PM13 ’ PM12 ’ PM11 ’ PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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9.4 Operation of 8-Bit Timers HO and H1

9.4.1 Operation as interval timer/square-wave output

When 8-bit timer counter Hn and compare register On (CMPONn) match, an interrupt request signal (INTTMHn) is
generated and 8-bit timer counter Hn is cleared to 00H.

Compare register 1n (CMP1n) is not used in interval timer mode. Since a match of 8-bit timer counter Hn and the
CMP1n register is not detected even if the CMP1n register is set, timer output is not affected.

By setting bit 0 (TOENN) of timer H mode register n (TMHMDn) to 1, a square wave of any frequency (duty = 50%)
is output from TOHn.

(1) Usage
Generates the INTTMHn signal repeatedly at the same interval.

<1> Set each register.
Figure 9-9. Register Setting During Interval Timer/Square-Wave Output Operation

(i) Setting timer H mode register n (TMHMDn)

TMHEn CKSn2 CKSn1 CKSn0O TMMDn1 TMMDnO TOLEVn TOENn
TMHMDnl 0 ‘ 0/ ‘ 0/ ‘ 01 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/ |

L Timer output setting

—————— Timer output level inversion setting

Interval timer mode setting

Count clock (fcnt) selection

Count operation stopped

(ii) CMPON register setting
e Compare value (N)

<2> Count operation starts when TMHEnN = 1.

<3> When the values of 8-bit timer counter Hn and the CMPOn register match, the INTTMHn signal is generated
and 8-bit timer counter Hn is cleared to 00H.

Interval time = (N +1)/fcnT

<4> Subsequently, the INTTMHn signal is generated at the same interval. To stop the count operation, clear
TMHERN to 0.

Remark n=0,1
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(2) Timing chart
The timing of the interval timer/square-wave output operation is shown below.

Figure 9-10. Timing of Interval Timer/Square-Wave Output Operation (1/2)

(a) Basic operation

Count clock |||| ||||||||<||||||

é Count start

> T

( X N X ooH X ot X X N X ooH XotHooH

Clear

8-bit timer counter Hn OOHX 01H X

CMPOn ! N

L

h

INTTMHn __: ) | |
, , Interval time |
: ] ) ]
TOHn ! .
<1> <2> <2> <3>
Level inversion, Level inversion,

match interrupt occurrence, match interrupt occurrence,
8-bit timer counter Hn clear 8-bit timer counter Hn clear

<1> The count operation is enabled by setting the TMHERN bit to 1. The count clock starts counting no more than
1 clock after the operation is enabled.

<2> When the values of 8-bit timer counter Hn and the CMPOn register match, the value of 8-bit timer counter Hn
is cleared, the TOHn output level is inverted, and the INTTMHn signal is output.

<3> The INTTMHn signal and TOHn output become inactive by clearing the TMHERN bit to O during timer Hn
operation. If these are inactive from the first, the level is retained.

Remark n=0, 1
N =01H to FEH
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Figure 9-10. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMPOn = FFH

Count clock ||||g<||||||||g<||||||

4 Count start

ooH X o1H X X FEH X FFHAX 00H X X FEH X FFHAX OOHX:

, . Clear
1 :

8-bit timer counter Hn

» Clear

CMPON FFH

TMHEn J

TOHN

Interval time

(c) Operation when CMPOn = 00H

comeoss [ L[ L L L

Count start !

x
8-bit timer counter Hn E 00H
CMPON 00H

TMHEn J |_

INTTMHn

TOHN | | | | | | | | |_| |_

' '
L
' '

Interval time

Remark n=0, 1
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9.4.2 Operation as PWM output mode

In PWM output mode, a pulse with an arbitrary duty and arbitrary cycle can be output.

8-bit timer compare register On (CMPON) controls the cycle of timer output (TOHN). Rewriting the CMPOn register
during timer operation is prohibited.

8-bit timer compare register 1n (CMP1n) controls the duty of timer output (TOHn). Rewriting the CMP1n register
during timer operation is possible.

The operation in PWM output mode is as follows.

TOHN output becomes active and 8-bit timer counter Hn is cleared to 0 when 8-bit timer counter Hn and the
CMPOnN register match after the timer count is started. TOHn output becomes inactive when 8-bit timer counter Hn
and the CMP1n register match.

(1) Usage
In PWM output mode, a pulse for which an arbitrary duty and arbitrary cycle can be set is output.

<1> Set each register.
Figure 9-11. Register Setting in PWM Output Mode

(i) Setting timer H mode register n (TMHMDn)

TMHEn CKSn2 CKSni CKSn0 TMMDni TMMDnO TOLEVn TOENn
TMHMDn|0‘0/1‘O/1‘O/1‘ 1‘0‘0/1‘1|

| | L] L

Timer output enabled

Timer output level inversion setting

PWM output mode selection

Count clock (fent) selection

Count operation stopped

(ii) Setting CMPOnN register
e Compare value (N): Cycle setting

(iii) Setting CMP1n register
e Compare value (M): Duty setting

Remarks 1. n=0, 1
2. 0OH < CMP1n (M) < CMPOn (N) < FFH
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<2>

<3>

<4>

<5>

<6>

The count operation starts when TMHERN = 1.

The CMPOnN register is the compare register that is to be compared first after counter operation is enabled.
When the values of 8-bit timer counter Hn and the CMPOn register match, 8-bit timer counter Hn is cleared,
an interrupt request signal (INTTMHn) is generated, and TOHn output becomes active. At the same time,
the compare register to be compared with 8-bit timer counter Hn is changed from the CMPOn register to the
CMP1n register.

When 8-bit timer counter Hn and the CMP1n register match, TOHn output becomes inactive and the
compare register to be compared with 8-bit timer counter Hn is changed from the CMP1n register to the
CMPON register. At this time, 8-bit timer counter Hn is not cleared and the INTTMHn signal is not
generated.

By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained.

To stop the count operation, set TMHEN = 0.

If the setting value of the CMPOnN register is N, the setting value of the CMP1n register is M, and the count clock

frequency is fent, the PWM pulse output cycle and duty are as follows.

PWM pulse output cycle = (N + 1)/fent
Duty = Active width : Total width of PWM = (M + 1) : (N + 1)

Cautions 1. In PWM output mode, three operation clocks (signal selected using the CKSn2 to CKSn0

bits of the TMHMDn register) are required to transfer the CMP1n register value after
rewriting the register.

2. Be sure to set the CMP1n register when starting the timer count operation (TMHEN = 1) after
the timer count operation was stopped (TMHEnN = 0) (be sure to set again even if setting the
same value to the CMP1n register).

Remark n=0, 1
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)

8-bit

<

Timing chart
The operation timing in PWM output mode is shown below.

Caution Make sure that the CMP1n register setting value (M) and CMPOn register setting value (N) are
within the following range.
00H < CMP1n (M) < CMPOn (N) < FFH

Figure 9-12. Operation Timing in PWM Output Mode (1/4)

(a) Basic operation

canaosc [ LI T T T

IO (2 S (=) (0 (10 (20 N (3 (0 (o () (3

CMPON A5H

CMP1n 01H

TMHEn J

INTTMHnN

]

TOHN
(TOLEVn = 0)

—_—
A

<1> E<2> E<3>
TOHnN ' ' ' ' ' '
(TOLEVn = 1) |_| |_| |_|

1> The count operation is enabled by setting the TMHERN bit to 1. Start 8-bit timer counter Hn by masking one

count clock to count up. At this time, TOHn output remains inactive (when TOLEVn = 0).

<2> When the values of 8-bit timer counter Hn and the CMPOn register match, the TOHn output level is inverted,

the value of 8-bit timer counter Hn is cleared, and the INTTMHn signal is output.

<3> When the values of 8-bit timer counter Hn and the CMP1n register match, the level of the TOHn output is

returned. At this time, the 8-bit timer counter value is not cleared and the INTTMHn signal is not output.

<4> Clearing the TMHER bit to 0 during timer Hn operation makes the INTTMHn signal and TOHn output inactive.
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Remark n=0, 1
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Figure 9-12. Operation Timing in PWM Output Mode (2/4)
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(c) Operation when CMPOn
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Remark n=0,1
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Figure 9-12. Operation Timing in PWM Output Mode (3/4)
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(d) Operation when CMPOn
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Remark n=0, 1
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Figure 9-12. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP1n (CMP1n = 01H — 03H, CMPOn = A5H)
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The count operation is enabled by setting TMHENn = 1. Start 8-bit timer counter Hn by masking one count
clock to count up. At this time, the TOHn output remains inactive (when TOLEVn = 0).

The CMP1n register value can be changed during timer counter operation. This operation is asynchronous
to the count clock.

When the values of 8-bit timer counter Hn and the CMPOn register match, the value of 8-bit timer counter Hn
is cleared, the TOHnN output becomes active, and the INTTMHn signal is output.

If the CMP1n register value is changed, the value is latched and not transferred to the register. When the
values of 8-bit timer counter Hn and the CMP1n register before the change match, the value is transferred to
the CMP1n register and the CMP1n register value is changed (<2>’).

However, three count clocks or more are required from when the CMP1n register value is changed to when
the value is transferred to the register. If a match signal is generated within three count clocks, the changed
value cannot be transferred to the register.

When the values of 8-bit timer counter Hn and the CMP1n register after the change match, the TOHn output
becomes inactive. 8-bit timer counter Hn is not cleared and the INTTMHn signal is not generated.

Clearing the TMHER bit to 0 during timer Hn operation makes the INTTMHn signal and TOHn output inactive.

Remark n=0,1
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9.4.3 Carrier generator mode operation (8-bit timer H1 only)

T

he carrier clock generated by 8-bit timer H1 is output in the cycle set by 8-bit timer/event counter 51.

In carrier generator mode, the output of the 8-bit timer H1 carrier pulse is controlled by 8-bit timer/event counter 51,

and the carrier pulse is output from the TOH1 output.

Q)

)

258

Carrier generation

In carrier generator mode, 8-bit timer H compare register 01 (CMPO01) generates a low-level width carrier pulse
waveform and 8-bit timer H compare register 11 (CMP11) generates a high-level width carrier pulse waveform.
Rewriting the CMP11 register during 8-bit timer H1 operation is possible but rewriting the CMPO1 register is
prohibited.

Carrier output control
Carrier output is controlled by the interrupt request signal (INTTM51) of 8-bit timer/event counter 51 and the
NRZB1 and RMC1 bits of the 8-bit timer H carrier control register (TMCYC1). The relationship between the
outputs is shown below.

RMC1 Bit NRZB1 Bit Output
0 0 Low-level output
0 1 High-level output
1 0 Low-level output
1 1 Carrier pulse output
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To control the carrier pulse output during a count operation, the NRZ1 and NRZB1 bits of the TMCYC1 register
have a master and slave bit configuration. The NRZ1 bit is read-only but the NRZB1 bit can be read and written.
The INTTM51 signal is synchronized with the 8-bit timer H1 count clock and output as the INTTM5H1 signal. The
INTTM5H1 signal becomes the data transfer signal of the NRZ1 bit, and the NRZB1 bit value is transferred to the
NRZ1 bit. The timing for transfer from the NRZB1 bit to the NRZ1 bit is as shown below.

Figure 9-13. Transfer Timing

TMHE1 _|
otk —J LML LML
count clock !
st T
INTTM5H1 |_| |_|

<1> ! !
NRZ1 0 X 1 X 0
//<2> /
NRZzB1 1 X 0 X 1

RMC1 |

<1> The INTTM51 signal is synchronized with the count clock of 8-bit timer H1 and is output as the INTTM5H1
signal.

<2> The value of the NRZB1 bit is transferred to the NRZ1 bit at the second clock from the rising edge of the
INTTM5H1 signal.

Cautions 1. Do not rewrite the NRZB1 bit again until at least the second clock after it has been
rewritten, or else the transfer from the NRZB1 bit to the NRZ1 bit is not guaranteed.
2. When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is
generated at the timing of <1>. When 8-bit timer/event counter 51 is used in a mode other
than the carrier generator mode, the timing of the interrupt generation differs.
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(3) Usage
Outputs an arbitrary carrier clock from the TOH1 pin.

<1>

TMHMDA |

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>

260

Set each register.
Figure 9-14. Register Setting in Carrier Generator Mode

(i) Setting 8-bit timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

0‘0/1‘0/1‘0/1‘0‘1‘0/1‘1|

| | L] L

Timer output enabled

Timer output level inversion setting

Carrier generator mode selection

Count clock (fenr) selection

Count operation stopped

(ii) CMPO1 register setting
o Compare value

(iii) CMP11 register setting
e Compare value

(iv) TMCYC1 register setting
e RMC1 =1 ... Remote control output enable bit
e NRZB1 = 0/1 ... carrier output enable bit

(v) TCL51 and TMC51 register setting
¢ See 8.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51.

When TMHE1 = 1, 8-bit timer H1 starts counting.

When TCE51 of 8-bit timer mode control register 51 (TMC51) is set to 1, 8-bit timer/event counter 51 starts
counting.

After the count operation is enabled, the first compare register to be compared is the CMPO1 register.
When the count value of 8-bit timer counter H1 and the CMPO1 register value match, the INTTMH1 signal
is generated, 8-bit timer counter H1 is cleared, and at the same time, the compare register to be compared
with 8-bit timer counter H1 is switched from the CMPO1 register to the CMP11 register.

When the count value of 8-bit timer counter H1 and the CMP11 register value match, the INTTMH1 signal
is generated, 8-bit timer counter H1 is cleared, and at the same time, the compare register to be compared
with 8-bit timer counter H1 is switched from the CMP11 register to the CMPO01 register.

By performing procedures <4> and <5> repeatedly, a carrier clock is generated.

The INTTM51 signal is synchronized with count clock of 8-bit timer H1 and output as the INTTM5H1 signal.
The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

When the NRZ1 bit is high level, a carrier clock is output from the TOH1 pin.

By performing the procedures above, an arbitrary carrier clock is obtained. To stop the count operation,
clear TMHE1 to 0.

User's Manual U17554EJ4V0OUD



CHAPTER 9 8-BIT TIMERS HO AND H1

If the setting value of the CMPO1 register is N, the setting value of the CMP11 register is M, and the count clock
frequency is fcnt, the carrier clock output cycle and duty are as follows.

Carrier clock output cycle = (N + M + 2)/fcnt
Duty = High-level width : Carrier clock output width=(M+ 1) : (N+ M + 2)

Cautions 1. Be sure to set the CMP11 register when starting the timer count operation (TMHE1 = 1)
after the timer count operation was stopped (TMHE1 = 0) (be sure to set again even if
setting the same value to the CMP11 register).

2. Set so that the count clock frequency of TMH1 becomes more than 6 times the count clock
frequency of TM51.

(4) Timing chart
The carrier output control timing is shown below.

Cautions 1. Set the values of the CMP01 and CMP11 registers in a range of 01H to FFH.

2. In the carrier generator mode, three operating clocks (signal selected by CKS12 to CKS10
bits of TMHMD1 register) or more are required from when the CMP11 register value is
changed to when the value is transferred to the register.

3. Be sure to set the RMC1 bit before the count operation is started.
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<1>

<2>

<3>

<4>

<5>

<6>

<7>
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Figure 9-15. Carrier Generator Mode Operation Timing (1/3)

(a) Operation when CMP01 =N, CMP11 =N

8-bit timer Hn
count clock [ 3_|_|_
8-bit timer counter
L mer Cour e ooRXC X Y00RX X XGaRC X T XG0R X XGeRC X XGoB X
CMPNO ‘ N . § ‘
CMPn1 N . i
TMHEn — |
INTTMHnN 3 .
<o> <4>
<1> <2> ' . |
Carrierclock ~ — I\ . —

8-bit timer 5n m

count clock

TM5n count value 00HX01H) L X00HX01H) L O1H

CR5n . . [ L

TCE5n |

INTTM5n . |

INTTM5HnN " .

NRZBn 0 X 1) )I( 0 X 1 X 0

NRZn Q .

e nipiaipligighiglipiipipigigligigigiglighiy!
TOHn , ML Lrs<r o

When TMHE1 = 0 and TCE51 = 0, 8-bit timer counter H1 operation is stopped.

When TMHE1 = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock is held
at the inactive level.

When the count value of 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register. 8-bit timer counter H1 is cleared to
OOH.

When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO1 register. 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to 50% is generated.
When the INTTM51 signal is generated, it is synchronized with 8-bit timer H1 count clock and output as the
INTTM5H1 signal.

The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

When NRZ1 = 0 is set, the TOH1 output becomes low level.
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<1>
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<7>

Figure 9-15. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11 =M

8-bit timer Hn
count clock —ﬁ
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INTTMHN
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8-bit timer 5n
count clock

TM5n count value
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TCE5n

INTTM5n

INTTM5HnN

NRZBn

X
NRZn ]
Carrier clock _U_U_LTU_?.I_L UL
TOHn UL Ut

When TMHE1 = 0 and TCE51 = 0, 8-bit timer counter H1 operation is stopped.

When TMHE1 = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock is held
at the inactive level.

When the count value of 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register. 8-bit timer counter H1 is cleared to
00H.

When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO1 register. 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to other than 50% is
generated.

When the INTTM51 signal is generated, it is synchronized with 8-bit timer H1 count clock and output as the
INTTM5H1 signal.

A carrier signal is output at the first rising edge of the carrier clock if NRZ1 is set to 1.

When NRZ1 = 0, the TOH1 output is held at the high level and is not changed to low level while the carrier
clock is high level (from <6> and <7>, the high-level width of the carrier clock waveform is guaranteed).
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Figure 9-15. Carrier Generator Mode Operation Timing (3/3)

(c) Operation when CMP11 is changed

8-bit timer H1
count clock

(N XoorXorH) 00K

CMPO1 ( ( (
<3> <3>’
(S s dpmmmmmmma 4 T
CMP11 M M, (L) X L
TMHEA

INTTMH1 { _| { T _|

<2> r <4> <5>

Carrier clock <1>

When TMHE1 = 1 is set, 8-bit timer H1 starts a count operation. At that time, the carrier clock is held at the
inactive level.

When the count value of 8-bit timer counter H1 matches the CMPO1 register value, 8-bit timer counter H1 is
cleared and the INTTMH1 signal is output.

The CMP11 register can be rewritten during 8-bit timer H1 operation, however, the changed value (L) is
latched. The CMP11 register is changed when the count value of 8-bit timer counter H1 and the CMP11
register value before the change (M) match (<3>).

When the count value of 8-bit timer counter H1 and the CMP11 register value before the change (M) match,
the INTTMH1 signal is output, the carrier signal is inverted, and 8-bit timer counter H1 is cleared to O0H.

The timing at which the count value of 8-bit timer counter H1 and the CMP11 register value match again is
indicated by the value after the change (L).
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10.1 Functions of Watch Timer
The watch timer has the following functions.

o Watch timer
e Interval timer

The watch timer and the interval timer can be used simultaneously.
Figure 10-1 shows the watch timer block diagram.

Figure 10-1. Block Diagram of Watch Timer

. fwx/24 =
Clear g | fwx . - £
S 5-bit counter fwx/2 8 = INTWT
7 = ey ©
fers/2 S 11-bit prescaler @ 2
8 fw Clear
fsus 3 fw/2% | fwi/25 | fwi/28 [fw/27 |fwi/ 28| fw/210 /2" [fw/2° 4
S
§ INTWTI
[0
(7))
[ wrmz | wrme | wims | wrma | wrms | wrmz | wimt | wTwmo |
Watch timer operation
mode register (WTM)
2 Internal bus 2

Remark frrs: Peripheral hardware clock frequency
fsue: Subsystem clock frequency
fw:  Watch timer clock frequency (frrs/2” or fsus)
fwx:  fw or fw/2°
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(1) Watch timer
When the high-speed system clock or subsystem clock is used, interrupt requests (INTWT) are generated at
preset intervals.

Table 10-1. Watch Timer Interrupt Time

Interrupt Time When Operated at | When Operated at | When Operated at | When Operated at | When Operated at
fsus = 32.768 kHz frrs = 4 MHz frrRs = 5 MHz frrs = 10 MHz frrs = 20 MHz
2'/fw 488 us 0.51 ms 410 us 205 us 102 us
2°/fw 977 us 1.03 ms 819 us 410 us 205 us
2%/fw 0.25s 0.26 s 0.210s 0.105s 520 us
2%ffw 05s 0.53 s 0.419 s 0.210s 0.105 s
Remark frrs: Peripheral hardware clock frequency

fsus: Subsystem clock frequency

fw:

(2) Interval timer
Interrupt requests (INTWTI) are generated at preset time intervals.

Watch timer clock frequency (frrs/2” or fsus)

Table 10-2. Interval Timer Interval Time

Interrupt Time When Operated at | When Operated at | When Operated at | When Operated at | When Operated at
fsus = 32.768 kHz frrs = 4 MHz frrRs = 5 MHz frrs = 10 MHz frrs = 20 MHz
2'/fw 488 us 0.51ms 410 us 205 us 102 us
2°/fw 977 us 1.083 ms 820 us 410 us 205 us
2%/fw 1.95 ms 2.05 ms 1.64 ms 820 us 410 us
2'ffw 3.91 ms 4.1 ms 3.28 ms 1.64 ms 820 us
2°ffw 7.81 ms 8.2ms 6.55 ms 3.28 ms 1.64 ms
2°ffw 15.6 ms 16.4 ms 13.1 ms 6.55 ms 3.28 ms
2w 31.3ms 32.75 ms 26.2 ms 13.1 ms 6.55 ms
2" ffw 62.5 ms 65.55 ms 52.4 ms 26.2ms 13.1 ms
Remark frrs: Peripheral hardware clock frequency

fsus: Subsystem clock frequency

fw:

10.2 Configuration of Watch Timer

The watch timer includes the following hardware.

266

Watch timer clock frequency (frrs/2” or fsus)

Table 10-3. Watch Timer Configuration

Item Configuration
Counter 5 bits x 1
Prescaler 11 bits x 1

Control register

Watch timer operation mode register (WTM)
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10.3 Register Controlling Watch Timer

The watch timer is controlled by the watch timer operation mode register (WTM).

o Watch timer operation mode register (WTM)
This register sets the watch timer count clock, enables/disables operation, prescaler interval time, and 5-bit

counter operation control.

WTM is set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears WTM to O0H.

Figure 10-2. Format of Watch Timer Operation Mode Register (WTM)

Address: FF8FH After reset: 00H R/W

Symbol
WTM

7 6 5 4 3 2 <1> <0>
WTM7 WTM6 WTM5 WTM4 WTM3 WTM2 WTMH1 WTMO
WTM7 Watch timer count clock selection (fw)

fsus = 32.768 kHz | frrs = 4 MHz frRs = 8 MHz | frrs = 10 MHz | frrs = 20 MHz
0 frrs/2’ - 31.25 kHz 62.5 kHz 78.125 kHz 156.25 kHz
1 fsus 32.768 kHz -
WTM6 WTM5 WTM4 Prescaler interval time selection

0 0 0 2w

0 0 1 2°ffw

0 1 0 2w

0 1 1 2'ffw

1 0 0 2°/fw

1 0 1 2°ffw

1 1 0 2w

1 1 1 2" ffw
WTM3 WTM2 Interrupt time selection

0 0 2"/fw

0 1 2"/w

1 0 2°ffw

1 1 2'ffw
WTM1 5-bit counter operation control

0 Clear after operation stop

1 Start
WTMO Watch timer operation enable

0 Operation stop (clear both prescaler and 5-bit counter)

Operation enable
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Caution Do not change the count clock and interval time (by setting bits 4 to 7 (WTM4 to WTM7) of WTM)
during watch timer operation.

Remarks 1. fw: Watch timer clock frequency (frrs/2” or fsus)

2. frrs: Peripheral hardware clock frequency
3. fsue: Subsystem clock frequency

268 User's Manual U17554EJ4VOUD



CHAPTER 10 WATCH TIMER

10.4 Watch Timer Operations

10.4.1 Watch timer operation

The watch timer generates an interrupt request signal (INTWT) at a specific time interval by using the peripheral
hardware clock or subsystem clock.

When bit 0 (WTMO) and bit 1 (WTM1) of the watch timer operation mode register (WTM) are set to 1, the count
operation starts. When these bits are cleared to 0, the 5-bit counter is cleared and the count operation stops.

When the interval timer is simultaneously operated, zero-second start can be achieved only for the watch timer by
clearing WTM1 to 0. In this case, however, the 11-bit prescaler is not cleared. Therefore, an error up to 2° x 1/fw
seconds occurs in the first overflow (INTWT) after zero-second start.

The interrupt request is generated at the following time intervals.

Table 10-4. Watch Timer Interrupt Time

WTM3 | WTM2 | Interrupt Time |When Operated at| When Operated at| When Operated at| When Operated at|When Operated at
Selection fsus = 32.768 kHz frrs = 4 MHz frrs = 5 MHz frrRs = 10 MHz fers = 20 MHz
(WTM7 = 1) (WTM7 = 0) (WTM7 = 0) (WTM7 = 0) (WTM7 = 0)
0 0 2"%/fw 05s 0.58 s 0.419 s 0.210s 0.105s
0 1 2%/ fw 0.25s 0.26 s 0.210s 0.105 s 52.5 ms
1 0 2°ffw 977 us 1.03 ms 819 us 410 us 205 us
1 1 2'/fw 488 us 0.51 ms 410 us 205 us 102 us
Remarks 1. fw: Watch timer clock frequency (frrs/2” or fsus)

2. fers: Peripheral hardware clock frequency
3. fsus: Subsystem clock frequency
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10.4.2 Interval timer operation
The watch timer operates as interval timer which generates interrupt requests (INTWTI) repeatedly at an interval of

the preset count value.
The interval time can be selected with bits 4 to 6 (WTM4 to WTM®6) of the watch timer operation mode register

interrupt INTWTI

T |

(WTM).
When bit 0 (WTMO) of the WTM is set to 1, the count operation starts. When this bit is set to 0, the count operation
stops.
Table 10-5. Interval Timer Interval Time
WTM6 | WTM5 | WTM4 | Interval Time | When Operated | When Operated | When Operated | When Operated | When Operated
at fsus = 32.768 | at frrs =4 MHz | at frrs = 5 MHz |at frrs = 10 MHz | at fers = 20 MHz
kHz (WTM7 =1) | (WTM7 =0) (WTM7 = 0) (WTM7 = 0) (WTM7 = 0)
0 0 0 2w 488 us 0.51 ms 410 s 205 us 102 us
0 0 1 2w 977 us 1.03 ms 820 us 410 us 205 us
0 1 0 2%/fw 1.95 ms 2.05ms 1.64 ms 820 us 410 us
0 1 1 2'/fw 3.91 ms 41ms 3.28 ms 1.64 ms 820 us
1 0 0 2%fw 7.81 ms 8.2 ms 6.55 ms 3.28 ms 1.64 ms
1 0 1 2°/fw 15.6 ms 16.4 ms 13.1ms 6.55 ms 3.28 ms
1 1 0 2w 31.3ms 32.75 ms 26.2 ms 13.1 ms 6.55 ms
1 1 1 2" ffw 62.5ms 65.55 ms 52.4 ms 26.2 ms 13.1 ms
Remarks 1. fw: Watch timer clock frequency (frrs/2” or fsus)
2. frrs: Peripheral hardware clock frequency
3. fsus: Subsystem clock frequency
Figure 10-3. Operation Timing of Watch Timer/Interval Timer
5-bit counter
OH
Overflow Overflow
Start ‘ :
| |
Count clock |||||||| |||||||||||| ||||'||
| === | ===
Watch timer | ‘
interrupt INTWT ; -—- !—I - !—l
| Interrupt time of watch timer (0.5 s), Interrupt time of watch timer (0.5 s) :
Interval ti | ‘
nterval timer : I—I____ I_I I—I____ '—I
| |
I
|
|

Interval time

m

Remark fw: Watch timer clock frequency
Figures in parentheses are for operation with fw = 32.768 kHz (WTM7 =1, WTM3, WTM2 = 0, 0)
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CHAPTER 10 WATCH TIMER

10.5 Cautions for Watch Timer

When operation of the watch timer and 5-bit counter is enabled by the watch timer mode control register (WTM) (by
setting bits 0 (WTMO0) and 1 (WTM1) of WTM to 1), the interval until the first interrupt request (INTWT) is generated
after the register is set does not exactly match the specification made with bits 2 and 3 (WTM2, WTM3) of WTM.
Subsequently, however, the INTWT signal is generated at the specified intervals.

Figure 10-4. Example of Generation of Watch Timer Interrupt Request (INTWT) (When Interrupt Period = 0.5 s)

It takes 0.515625 seconds for the first INTWT to be generated (2° x 1/32768 = 0.015625 s longer). INTWT is then
generated every 0.5 seconds.

WTMO, WTM1

0.515625 s 05s

S R

05s !
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11.1 Functions of Watchdog Timer

The watchdog timer operates on the internal low-speed 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.

o |f the watchdog timer counter overflows

e If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

e If data other than “ACH” is written to WDTE

o |f data is written to WDTE during a window close period

e If the instruction is fetched from an area not set by the IMS and IXS registers (detection of an invalid check while
the CPU hangs up)

e If the CPU accesses an area that is not set by the IMS and IXS registers (excluding FBOOH to FFFFH) by
executing a read/write instruction (detection of an abnormal access during a CPU program loop)

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1.
For details of RESF, see CHAPTER 19 RESET FUNCTION.
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11.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 11-1. Configuration of Watchdog Timer

ltem

Configuration

Control register

Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, and window open period are set by the option byte.

Table 11-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer

Option Byte (0080H)

Window open period

Bits 6 and 5 (WINDOW1, WINDOWO)

Controlling counter operation of watchdog timer

Bit 4 (WDTON)

Overflow time of watchdog timer

Bits 3 to 1 (WDCS2 to WDCS0)

Remark For the option byte, see CHAPTER 23 OPTION BYTE.

Figure 11-1. Block Diagram of Watchdog Timer
CPU access signal CPU access
error detector
WDCS2 to WDCS0
of option byte (0080H) i
21%fgL to
Clock .| 2R gvesg‘llow Reset
fr/2 input 17-bit Selector g output |—— Internal reset signal
controller counter controller
Count clear Window size
signal determination
signal
WINDOW1 and WINDOWO
of option byte (0080H) —| Clear, reset control
WDTON of Watchdog timer enable
option byte register (WDTE)
(0080H) ﬁ
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)
Writing ACH to WDTE clears the watchdog timer counter and starts counting again.
This register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 9AH or 1AH""™,

Figure 11-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FF9BH  After reset: 9AH/1AHN®  R/W
Symbol 7 6 5 4 3 5 ] 0

WDTE | |

Note The WDTE reset value differs depending on the WDTON setting value of the option byte (0080H). To
operate watchdog timer, set WDTON to 1.

WDTON Setting Value WDTE Reset Value
0 (watchdog timer count operation disabled) 1AH
1 (watchdog timer count operation enabled) 9AH

Cautions 1. If a value other than ACH is written to WDTE, an internal reset signal is generated. If the
source clock to the watchdog timer is stopped, however, an internal reset signal is
generated when the source clock to the watchdog timer resumes operation.

2. If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset signal
is generated. If the source clock to the watchdog timer is stopped, however, an internal
reset signal is generated when the source clock to the watchdog timer resumes operation.

3. The value read from WDTE is 9AH/1AH (this differs from the written value (ACH)).
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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 (0080H).

e Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (0080H) to 1
(the counter starts operating after a reset release) (for details, see CHAPTER 23).

WDTON Operation Control of Watchdog Timer Counter/lllegal Access Detection
0 Counter operation disabled (counting stopped after reset), lllegal access detection operation disabled.
1 Counter operation enabled (counting started after reset), lllegal access detection operation enabled.

e Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (0080H) (for details, see
11.4.2 and CHAPTER 23).

¢ Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (0080H) (for
details, see 11.4.3 and CHAPTER 23).

. After a reset release, the watchdog timer starts counting.
. By writing “ACH” to WDTE after the watchdog timer starts counting and before the overflow time set by the

option byte, the watchdog timer is cleared and starts counting again.

. After that, write WDTE the second time or later after a reset release during the window open period. If WDTE is

written during a period other than the window open period, an internal reset signal is generated.

. If the overflow time expires without “ACH” written to WDTE, an internal reset signal is generated.

An internal reset signal is generated in the following cases.

e If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

If data other than “ACH” is written to WDTE

o If the instruction is fetched from an area not set by the IMS and IXS registers (detection of an invalid check
during a CPU program loop)

¢ If the CPU accesses an area not set by the IMS and IXS registers (excluding FBOOH to FFFFH) by executing
a read/write instruction (detection of an abnormal access during a CPU program loop)

Cautions 1. The first writing to WDTE after a reset release clears the watchdog timer, if it is made before

the overflow time regardless of the timing of the writing, and the watchdog timer starts
counting again.

2. If the watchdog timer is cleared by writing “ACH” to WDTE, the actual overflow time may be
different from the overflow time set by the option byte by up to 2/fr. seconds.

3. The watchdog timer can be cleared immediately before the count value overflows (FFFFH).
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Cautions 4.

276

The operation of the watchdog timer in the HALT and STOP modes differs as follows
depending on the set value of bit 0 (LSROSC) of the option byte.

LSROSC = 0 (Internal Low-Speed LSROSC = 1 (Internal Low-Speed
Oscillator Can Be Stopped by Software) Oscillator Cannot Be Stopped)
In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.
In STOP mode

If LSROSC = 0, the watchdog timer resumes counting after the HALT or STOP mode is
released. At this time, the counter is not cleared to 0 but starts counting from the value at
which it was stopped.

If oscillation of the internal low-speed oscillator is stopped by setting LSRSTOP (bit 1 of the
internal oscillator mode register (RCM) = 1) when LSROSC = 0, the watchdog timer stops
operating. At this time, the counter is not cleared to 0.

The watchdog timer continues its operation during self-programming and EEPROM™
emulation of the flash memory. During processing, the interrupt acknowledge time is
delayed. Set the overflow time and window size taking this delay into consideration.
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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.

If an overflow occurs, an internal reset signal is generated. If “ACH” is written to WDTE during the window open

period before the overflow time, the present count is cleared and the watchdog timer starts counting again.
The following overflow time is set.

Table 11-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCSH1 WDCSO0 Overflow Time of Watchdog Timer

0 0 0 2"faL (3.88 ms)

0 0 1 2"/frL (7.76 ms)

0 1 0 2"%/faL (15.52 ms)

0 1 1 2%frL (31.03 ms)

1 0 0 2"/faL (62.06 ms)

1 0 1 2"/ (124.12 ms)

1 1 0 2"/frL (248.24 ms)

1 1 1 2"/fRL (496.48 ms)

Cautions 1. The combination of WDCS2 = WDCS1 = WDCS0 = 0 and WINDOW1 =
WINDOWO = 0 is prohibited.
2. The watchdog timer continues its operation during self-programming and
EEPROM emulation of the flash memory. During processing, the
interrupt acknowledge time is delayed. Set the overflow time and window
size taking this delay into consideration.

Remarks 1. fr.: Internal low-speed oscillation clock frequency
2. (): fro=264 kHz (MAX.)
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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 (0080H). The outline of the window is as follows.

o If “ACH” is written to WDTE during the window open period, the watchdog timer is cleared and starts counting
again.

e Even if “ACH” is written to WDTE during the window close period, an abnormality is detected and an internal
reset signal is generated.

Example: If the window open period is 25%

Counting Overflow
starts time

. . o Window open
’i Window close period (75%) — period (25%)

T T

Internal reset signal is generated Counting starts again when
if ACH is written to WDTE. ACH is written to WDTE.

Caution The first writing to WDTE after a reset release clears the watchdog timer, if it is made before the
overflow time regardless of the
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Remark If the overflow time is set to 2'%/frL, the window close time and open time are as follows.

Setting of Window Open Period

25% 50% 75% 100%

Window close time 0to 3.56 ms 0t02.37 ms 0t00.119 ms None

Window open time 3.561t03.88ms |2.371t03.88 ms 0.119t03.88 ms | 0to 3.88 ms

<When window open period is 25%>
o Overflow time:
2"/fRL (MAX.) = 2'°/264 kHz (MAX.) = 3.88 ms
o Window close time:
0 to 2"frL (MIN.) x (1 — 0.25) = 0 to 2'%/216 kHz (MIN.) x 0.75 = 0 to 3.56 ms
o Window open time:

2°/faL (MIN.) x (1 — 0.25) to 2"*/frL (MAX.) = 2'/216 kHz (MIN.) x 0.75 to 2'/264 kHz (MAX.)

= 3.56 t0 3.88 ms
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CHAPTER 12 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

12.1 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 LSIs. The clock selected with the clock output selection register (CKS) is output.

In addition, the buzzer output is intended for square-wave output of buzzer frequency selected with CKS.

Figure 12-1 shows the block diagram of clock output/buzzer output controller.

Figure 12-1. Block Diagram of Clock Output/Buzzer Output Controller

fPRS ———=] Prescaler

8 {/4 frrs/210 to frrs/213

Selector

BUZ/INTP7/P73

T Output latch
PM73
BZOE L (P73)

BCSO, BCS1

fPRs to fPRs/27

Clock
controller . > © PCL/INTP6/P72
fsus ? 0!
T I T T T CLOE Output latch PM72

(P72)
BZOE | BCS1 | BCSO | CLOE | CCS3 | cCS2 | €CS1 | cCso

@ Clock output selection register (CKS)

g Internal bus g

Selector

*—
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12.2 Configuration of Clock Output/Buzzer Output Controller
The clock output/buzzer output controller includes the following hardware.

Table 12-1. Clock Output/Buzzer Output Controller Configuration

Item Configuration

Control registers Clock output selection register (CKS)
Port mode register 7 (PM7)
Port register 7 (P7)

12.3 Register Controlling Clock Output/Buzzer Output Controller
The following two registers are used to control the clock output/buzzer output controller.

¢ Clock output selection register (CKS)
e Port mode register 7 (PM7)

(1) Clock output selection register (CKS)
This register sets output enable/disable for clock output (PCL) and for the buzzer frequency output (BUZ), and
sets the output clock.
CKS is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears CKS to 00H.

User's Manual U17554EJ4VOUD 281



CHAPTER 12 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

282

Figure 12-2. Format of Clock Output Selection Register (CKS)

Address: FF40H After reset: 00H R/W

Symbol <7> 6 5 <4> 3 2 1 0
CKS BZOE BCS1 BCSO CLOE CCS3 CCs2 CCst CCSo
BZOE BUZ output enable/disable specification
0 Clock division circuit operation stopped. BUZ fixed to low level.
1 Clock division circuit operation enabled. BUZ output enabled.
BCSH1 BCSO BUZ output clock selection
frrs = 10 MHz frrs = 20 MHz
0 0 frrs/2'° 9.77 kHz 19.54 kHz
0 1 frrs/2" 4.88 kHz 9.77 kHz
1 0 frrs/2' 2.44 kHz 4.88 kHz
1 1 frrs/2' 1.22 kHz 2.44 kHz
CLOE PCL output enable/disable specification
0 Clock division circuit operation stopped. PCL fixed to low level.
1 Clock division circuit operation enabled. PCL output enabled.
CCS3 CCSs2 CCSt CCS0 PCL output clock selection"*®
fsus = fers = fers =
32.768 kHz 10 MHz 20 MHz
0 0 0 0 frrs"! - 10 MHz Setting
prohibited"**
0 0 0 1 fers/2 5 MHz 10 MHz
0 0 1 0 frrs/2® 2.5 MHz 5 MHz
0 0 1 1 frrs/2° 1.25 MHz 2.5 MHz
0 1 0 0 frrs/2° 625 kHz 1.25 MHz
0 1 0 1 frrs/2° 312.5 kHz 625 kHz
0 1 1 0 frrs/2° 156.25 kHz | 312.5 kHz
0 1 1 1 frrs/2 78.125 kHz | 156.25 kHz
1 0 0 0 fsus 32.768 kHz -
Other than above Setting prohibited
Notes 1. If the peripheral hardware clock operates on the internal high-speed oscillation clock when 1.8 V < Vop

< 2.7 V, setting CCS3 = CCS2 = CCS1 = CCSO0 = 0 (output clock of PCL: frrs) is prohibited.

2. The PCL output clock prohibits settings if they exceed 10 MHz.

Cautions 1. Set BCS1 and BCS0 when the buzzer output operation is stopped (BZOE = 0).
2. Set CCS3 to CCSO0 while the clock output operation is stopped (CLOE = 0).
Remarks 1. frrs: Peripheral hardware clock frequency

2. fsus: Subsystem clock frequency
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(2) Port mode register 7 (PM7)
This register sets port 7 input/output in 1-bit units.
When using the P72/INTP6/PCL pin for clock output and the P73/INTP7/BUZ pin for buzzer output, set PM72,
PM73 and the output latch of P72, P73 to 0.
PM?7 is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM7 to FFH.

Figure 12-3. Format of Port Mode Register 7 (PM7)

Address: FF27H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM7 | 1 ‘ PM76 ‘ PM75 ‘ PM74 ‘ PM73 ‘ PM72 ‘ PM71 ‘ PM70 |
PM7n P7n pin I/O mode selection (n = 0 to 6)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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12.4 Clock Output/Buzzer Output Controller Operations

12.4.1 Clock output operation
The clock pulse is output as the following procedure.

<1> Select the clock pulse output frequency with bits 0 to 3 (CCSO0 to CCS3) of the clock output selection register
(CKS) (clock pulse output in disabled status).
<2> Set bit 4 (CLOE) of CKS to 1 to enable clock output.

Remark The clock output controller is designed not to output pulses with a small width during output
enable/disable switching of the clock output. As shown in Figure 12-4, be sure to start output from the
low period of the clock (marked with * in the figure). When stopping output, do so after the high-level
period of the clock.

Figure 12-4. Remote Control Output Application Example

12.4.2 Operation as buzzer output
The buzzer frequency is output as the following procedure.

<1> Select the buzzer output frequency with bits 5 and 6 (BCS0, BCS1) of the clock output selection register

(CKS) (buzzer output in disabled status).
<2> Set bit 7 (BZOE) of CKS to 1 to enable buzzer output.
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CHAPTER 13 A/D CONVERTER

13.1 Function of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of up to twelve channels (ANIO
to ANI11) with a resolution of 10 bits.

The A/D converter has the following function.

¢ 10-bit resolution A/D conversion
10-bit resolution A/D conversion is carried out repeatedly for one channel selected from analog inputs ANIO to
ANI11. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

P80/ANI0 ©——
P81/ANI1 ©—
P82/ANI2 ©—
P83/ANI3 ©—=|
P84/ANI4 ©—
P85/ANI5 ©—=|
P86/ANI6 ©——=
P87/ANI7 ©——=
P90/ANI8 ©—|
P91/ANI9 ©—=
P92/ANI10 ©—|
P93/ANI11 ©—=

Selector

Figure 13-1.

Sample & hold circuit

Block Diagram of A/D Converter

ADCS bit ~—

Voltage comparator

Successive
approximation
register (SAR)

Controller |~

A/D conversion result
register (ADCR)

|ADSS ‘ ADS2 ‘ ADS1 ‘ ADSO| |ADPC3‘ADPC2‘ADPC1‘ADPCO| |ADCS ‘ FR2 ‘ FR1 ‘ FRO ‘ Lv1 ‘ Lvo ‘ADCE|

Analog input channel
specification register (ADS)

A/D port configuration

register (ADPC)

A/D converter mode
register (ADM)

AVrer

INTAD

S

Internal bus
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13.2 Configuration of A/D Converter
The A/D converter includes the following hardware.

(1) ANIO to ANI11 pins
These are the analog input pins of the 12-channel A/D converter. They input analog signals to be converted into
digital signals. Pins other than the one selected as the analog input pin can be used as I/O port pins.

(2) Sample & hold circuit
The sample & hold circuit samples the input voltage of the analog input pin selected by the selector when A/D
conversion is started, and holds the sampled voltage value during A/D conversion.

(3) Series resistor string
The series resistor string is connected between AVRrer and AVss, and generates a voltage to be compared with

the sampled voltage value.

Figure 13-2. Circuit Configuration of Series Resistor String

AVRrer ©

P-ch = | o<} ADCS

Series resistor string

AVss ©

(4) Voltage comparator
The voltage comparator compares the sampled voltage value and the output voltage of the series resistor string.

(5) Successive approximation register (SAR)
This register converts the result of comparison by the voltage comparator, starting from the most significant bit
(MSB).
When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D
conversion), the contents of the SAR register are transferred to the A/D conversion result register (ADCR).

(6) 10-bit A/D conversion result register (ADCR)
The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCR register holds the A/D conversion result in its higher 10 bits (the lower 6
bits are fixed to 0).
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@)

®)

)

8-bit A/D conversion result register (ADCRH)
The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCRH register stores the higher 8 bits of the A/D conversion result.

Caution When data is read from ADCR and ADCRH, a wait cycle is generated. Do not read data from
ADCR and ADCRH when the CPU is operating on the subsystem clock and the peripheral
hardware clock is stopped. For details, see CHAPTER 31 CAUTIONS FOR WAIT.

Controller

This circuit controls the conversion time of an input analog signal that is to be converted into a digital signal, as
well as starting and stopping of the conversion operation. When A/D conversion has been completed, this
controller generates INTAD.

AVREeF pin

This pin inputs an analog power/reference voltage to the A/D converter. Make this pin the same potential as the
Vop pin when port 8 and port 9 are used as a digital port.

The signal input to ANIO to ANI11 is converted into a digital signal, based on the voltage applied across AVRer
and AVss.

(10) AVss pin

This is the ground potential pin of the A/D converter. Always use this pin at the same potential as that of the Vss
pin even when the A/D converter is not used.

(11) A/D converter mode register (ADM)

This register is used to set the conversion time of the analog input signal to be converted, and to start or stop the
conversion operation.

(12) A/D port configuration register (ADPC)

This register switches the P80/ANIO to P87/ANI7, P90/ANI8 to P93/ANI11 pins to analog input of A/D converter or
digital I/O of port.

(13) Analog input channel specification register (ADS)

This register is used to specify the port that inputs the analog voltage to be converted into a digital signal.

(14) Port mode register 8 (PM8)

This register switches the P80/ANIO to P87/ANI7 pins to input or output.

(15) Port mode register 9 (PM9)

This register switches the P90/ANI8 to P93/ANI11 pins to input or output.
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13.3 Registers Used in A/D Converter
The A/D converter uses the following seven registers.

e A/D converter mode register (ADM)

o A/D port configuration register (ADPC)

¢ Analog input channel specification register (ADS)
e Port mode register 8 (PM8)

e Port mode register 9 (PM9)

¢ 10-bit A/D conversion result register (ADCR)

e 8-bit A/D conversion result register (ADCRH)

(1) A/D converter mode register (ADM)
This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.
ADM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 13-3. Format of A/D Converter Mode Register (ADM)

Address: FF2AH  After reset: 00OH R/W

Symbol <7> 6 5 4 3 2 1 <0>
ADM | ADCS 0 FRoVet | FRiveet | FRoNetet | Lyqtetet | |yoneet | ADCE
ADCS A/D conversion operation control
0 Stops conversion operation
1 Enables conversion operation
ADCE Comparator operation controlNete 2
0 Stops comparator operation
1 Enables comparator operation (comparator: 1/2AVrer operation)

Notes 1. For details of FR2 to FRO, LV1, LVO, and A/D conversion, see Table 13-2 A/D Conversion Time
Selection.

2. The operation of the comparator is controlled by ADCS and ADCE, and it takes 1 us from operation
start to operation stabilization. Therefore, when ADCS is set to 1 after 1 us or more has elapsed
from the time ADCE is set to 1, the conversion result at that time has priority over the first conversion
result. Otherwise, ignore data of the first conversion.
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Table 13-1. Settings of ADCS and ADCE

ADCS ADCE A/D Conversion Operation
0 0 Stop status (DC power consumption path does not exist)
0 1 Conversion waiting mode (comparator: 1/2AVrer operation, only comparator

consumes power)

1 0 Conversion mode (comparator operation stopped"*)

1 1 Conversion mode (comparator: 1/2AVrer operation)

Note Ignore data of the first conversion because it is not guaranteed range.

Figure 13-4. Timing Chart When Comparator Is Used

Comparator: 1/2AVrer operation

stopped

Comparator oo :’\

Conversion , Conversion , Conversion | Conversion
operation waiting '+ operation

Note To stabilize the internal circuit, the time from the rising of the ADCE bit to the rising of the ADCS bit must be
1 us or longer.

Cautions 1. A/D conversion must be stopped before rewriting bits FRO to FR2, LV1, and LVO to values
other than the identical data.
2. If data is written to ADM, a wait cycle is generated. Do not write data to ADM when the CPU is
operating on the subsystem clock and the peripheral hardware clock is stopped. For details,
see CHAPTER 31 CAUTIONS FOR WAIT.
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(1) 27 V<AVRer<5.5V

Table 13-2. A/D Conversion Time Selection

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Clock (fap)
FR2 | FR1 FRO LV1 LVvVO frrs = 4 MHz frrs = 10 MHz | frrs =20 MHz

0 0 0 0 0 264/frrs Setting prohibited | 26.4 us 13.2 us frrs/12

0 0 1 0 0 | 176/fers 17.6 us 8.8 18" fers/8

0 1 0 0 0 132/frrs 33.0 us 13.2 us 6.6 1s"™ frrs/6

0 1 1 0 0 88/frrs 22.0 us 8.8 1™ Setting prohibited | frrs/4

1 0 0 0 0 66/frrs 16.5 us 6.6 1™ frrs/3

1 0 1 0 0 44/fers 11.0 us™* Setting prohibited fers/2

Other than above Setting prohibited

Note This can be set only when 4.0V <AVrer <55 V.

(2) 23 V<AVRer<2.7V

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Clock (fap)
FR2 | FR1 | FRO | LV1 LvVo frrs = 2 MHz frrs= 5 MHz

0 0 0 0 1 480/frrs Setting prohibited Setting prohibited frrs/12

0 0 1 0 1 320/frrs 64.0 us frrs/8

0 1 0 0 1 240/fers 60.0 us 48.0 us frrs/6

0 1 1 0 1 160/frrs 40.0 us 32.0 us frrs/4

1 0 0 0 1 120/frrs 30.0 us Setting prohibited frrs/3

Other than above Setting prohibited

Cautions 1. Set the conversion times with the following conditions.

4.0V <AVRer<5.5V: fap = 0.6 to 3.6 MHz
2.7V <AVREF < 4.0 V: fap = 0.6 to 1.8 MHz
023V <AVRer< 2.7 V: fap = 0.6 to 1.48 MHz

2. When rewriting FR2 to FRO, LV1, and LVO to other than the same data, stop A/D conversion
once (ADCS = 0) beforehand.

3. Change LV1 and LVO from the default value, when 2.3 V < AVger < 2.7 V.

4. The above conversion time does not include clock frequency errors. Select conversion time,
taking clock frequency errors into consideration.

Remark frrs: Peripheral hardware clock frequency
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Figure 13-5. A/D Converter Sampling and A/D Conversion Timing

ADCS « 1 or ADS rewrite

1§
ADCS
Sampling
timing ([ |
)T
INTAD |_|
[
)]
Wait SAR | Sampling time Successive Transfer | SAR | Sampling time
periodNote | clear conversion time  to ADCR, | clear
INTAD
generation
)}
Conversion time Conversion time

Note For details of wait period, see CHAPTER 31 CAUTIONS FOR WAIT.

(2) 10-bit A/D conversion result register (ADCR)
This register is a 16-bit register that stores the A/D conversion result. The lower 6 bits are fixed to 0. Each time
A/D conversion ends, the conversion result is loaded from the successive approximation register, and is stored in
ADCR in order starting from bit 7 of FF19H. FF19H indicates the higher 8 bits of the conversion result, and
FF18H indicates the lower 2 bits of the conversion result.
ADCR can be read by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 13-6. Format of 10-Bit A/D Conversion Result Register (ADCR)

Address: FF18H, FF19H  After reset: 0000H R

FF19H FF18H
Symbol A AL

ADCR 0 0 0 0 0 0

Cautions 1. When writing to the A/D converter mode register (ADM), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of ADCR may
become undefined. Read the conversion result following conversion completion before
writing to ADM, ADS, and ADPC. Using timing other than the above may cause an incorrect
conversion result to be read.

2. If data is read from ADCR, a wait cycle is generated. Do not read data from ADCR when the
CPU is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 31 CAUTIONS FOR WAIT.
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(3) 8-bit A/D conversion result register (ADCRH)
This register is an 8-bit register that stores the A/D conversion result. The higher 8 bits of 10-bit resolution are
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stored.

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

Reset signal generation clears this register to 00H.

Figure 13-7. Format of 8-Bit A/D Conversion Result Register (ADCRH)

Address: FF19H Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
ADCRH | | | | | | | | |
Cautions 1. When writing to the A/D converter mode register (ADM), analog input channel

specification register (ADS), and A/D port configuration register (ADPC), the contents of
ADCRH may become undefined. Read the conversion result following conversion
completion before writing to ADM, ADS, and ADPC. Using timing other than the above
may cause an incorrect conversion result to be read.

If data is read from ADCRH, a wait cycle is generated. Do not read data from ADCRH
when the CPU is operating on the subsystem clock and the peripheral hardware clock is
stopped. For details, see CHAPTER 31 CAUTIONS FOR WAIT.
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(4) Analog input channel specification register (ADS)
This register specifies the input port of the analog voltage to be A/D converted.

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

Reset signal generation clears this register to 00H.

Figure 13-8. Format of Analog Input Channel Specification Register (ADS)

Address: FF2BH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADS 0 0 0 0 ADS3 ADS2 ADS1 ADSO
ADS3 ADS2 ADS1 ADSO Analog input channel 