LENESAS

C
77
@D
ﬁ\l
7
<
Q
S
-
QD

/8KOR/KC3-L, 78KOR/KES3-L
(On-Chip USB Controller)

User’s Manual: Hardware

—
@)

16-Bit Single-Chip Microcontrollers

uPD78F1022
uPD78F1023
uPD78F1024
uPD78F1025
uPD78F1026

All information contained in these materials, including products and product specifications,
represents information on the product at the time of publication and is subject to change by
Renesas Electronics Corp. without notice. Please review the latest information published by
Renesas Electronics Corp. through various means, including the Renesas Electronics Corp.
website (http://www.renesas.com).

Renesas Electronics
WWw.renesas.com Rev.2.01 Sep 2011



10.

11.

12.

Notice

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

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

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

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

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

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

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

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

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

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

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

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




NOTES FOR CMOS DEVICES

(1) VOLTAGE APPLICATION WAVEFORM AT INPUT PIN: Waveform distortion due to input noise or a
reflected wave may cause malfunction. If the input of the CMOS device stays in the area between VIL
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction. Take care to prevent chattering noise
from entering the device when the input level is fixed, and also in the transition period when the input level
passes through the area between VIL (MAX) and VIH (MIN).

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

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

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

(5) POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately
for each device and according to related specifications governing the device.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or 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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Readers

Purpose

Organization

How to Read This Manual

Conventions

How to Use This Manual

This manual is intended for user engineers who wish to understand the functions of the
78KOR/KC3-L and 78KOR/KE3-L and design and develop application systems and
programs for these devices.
The target products are as follows.

e 78KOR/KC3-L: 4PD78F1022, 78F1023, 78F1024

o 78KOR/KE3-L: uPD78F1025, 78F1026
This manual is intended to give users an understanding of the functions described in the
Organization below.

The 78KOR/KC3-L, KE3-L manual is separated into two parts: this manual and the
instructions edition (common to the 78KOR Microcontroller).

78KOR/KC3-L, KE3-L 78KO0R Microcontroller
User's Manual User’'s Manual
(This Manual) Instructions
e Pin functions e CPU functions
¢ Internal block functions ¢ Instruction set
e Interrupts o Explanation of each instruction

o QOther on-chip peripheral functions
o Electrical specifications

It is assumed that the readers of this manual have general knowledge of electrical
engineering, logic circuits, and microcontrollers.
e To gain a general understanding of functions:

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

e How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a reserved
word in the RA78KOR, and is defined as an sfr variable using the #pragma sfr
directive in the CC78KOR.

¢ To know details of the 78KOR Microcontroller instructions:
— Refer to the separate document 78 KOR Microcontroller Instructions User’s Manual

(RO1US0029E).
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 =1 XXXX OF XXXXB

Decimal S XXX

Hexadecimal ---xxxxH



Related Documents The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
78KOR/KC3-L, KE3-L User’s Manual This manual
<R> 78KOR Microcontroller Instructions User's Manual R0O1US0029E
Documents Related to Development Tools (Software) (User’s Manuals)
Document Name Document No.
CC78KO0R Ver. 2.00 C Compiler Operation U18549E
Language U18548E
RA78KOR Ver. 1.20 Assembler Package Operation U18547E
Language U18546E
SM+ System Simulator Operation U18010E
PM+ Ver. 6.30 U18416E
ID78KOR-QB Ver. 3.20 Integrated Debugger | Operation U17839E
Documents Related to Development Tools (Hardware) (User’s Manuals)
Document Name Document No.
QB-MINI2 On-Chip Debug Emulator with Programming Function U18371E
Documents Related to Flash Memory Programming
Document Name Document No.
<R> | pG-FP5 Flash Memory Programmer User's Manual R20UT0008E

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



Other Documents

Document Name Document No.
<R> | RENESAS MICROCOMPUTER GENERAL CATALOG R0O1CS0001E
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

<R> Note See the “Semiconductor Device Mount Manual” website (http://www2.renesas.com/pkg/en/mount/index.html).

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

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

EEPROM is a trademark of Renesas Electronics Corporation.

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

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

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

CHAPTER 1 OUTLINE

1.1 Features

O Minimum instruction execution time can be changed from high speed (0.05 us: @ 20 MHz operation (When USB is
not in use) with high-speed system clock) to ultra low-speed (61 us: @ 32.768 kHz operation with subsystem clock)
O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

O ROM, RAM capacities

Product name Program memory (ROM) Data memory
Referred to as Part number (RAM)
78KOR/KC3-L (48 pin) 1 PD78F1022 Flash memory 64 KB 6KB
1 PD78F1023 96 KB 8 KB"°
1 PD78F1024 128 KB 8 KB"°
78KOR/KE3-L (64 pin) 1 PD78F1025 96 KB 8 KB"*®
1 PD78F1026 128 KB 8 KB"°

Note Thisis 7 KB when the self-programming function is used.

O On-chip internal high-speed oscillation clocks
e 20 MHz Internal high-speed oscillation clock: 20 MHz (TYP.)
¢ 8 MHz Internal high-speed oscillation clock: 8 MHz (TYP.)
¢ 1 MHz Internal high-speed oscillation clock: 1 MHz (TYP.)

O On-chip single-power-supply flash memory (with prohibition of chip erase/block erase/writing function)

O Self-programming (with boot swap function/flash shield window function)

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

O On-chip watchdog timer (operable with the dedicated internal low-speed oscillation clock)

O On-chip multiplier/divider (16 bits x 16 bits, 32 bits + 32 bits)
O On-chip key interrupt function
O On-chip clock output/buzzer output controller
O On-chip BCD adjustment
O 1/O ports: 53/39 (N-ch open drain: 4)
O Timer: 10 channels
o 16-bit timer: 8 channels
e Watchdog timer: 1 channel
¢ Real-time counter: 1 channel
O Serial interface
e CSI: 1 channel/UART: 1 channel
CSI: 1 channel/lUART: 1 channel/simplified I°C: 1 channel
CSl: 1 channel " /JUART: 1 channel"*° /simplified I°C: 1 channel "*°
UART (LIN-bus supported): 1 channel
I?C: 1 channel

RO1UHO019EJ0201 Rev.2.01
Sep 22, 2011
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78KOR/KC3-L, 78KOR/KE3-L CHAPTER 1 OUTLINE

O USB controller
¢ USB function (Full speed): 1 Channel
Note Only for 78KOR/KE3-L
O 10-bit resolution A/D converter (AVrer = 1.8 to 3.6 V): 8 channels
<R> O Power supply voltage: Vopo= 1.8 to 3.6 V (When USB is not in use), Vob = 3.0 to 3.6 V (When USB is in use),
O Operating ambient temperature: Ta= —40 to +85°C

1.2 Applications

O Equipment using USB interface
O Audio visual equipment

O Home appliances

O Industrial equipment

O Health care equipment

1.3 Ordering Information

o Flash memory version (Lead free products)

78KOR/Kx3-L Package Part Number
Microcontroller
<R>| 78KOR/KC3-L 48 pin Plastic TQFP(Fine pitch)(7x7) 1 PD78F1022GA-HAA-AX, 78F1023GA-HAA-AX,
78F1024GA-HAA-AX
48 pin Plastic WQFN(Fine pitch)(7x7) 1 PD78F1022K8-5B4-AX, 78F1023K8-5B4-AX,
78F1024K8-5B4-AX,
<R>] 78KOR/KE3-L 64 pin Plastic LQFP(Fine pitch)(10x10) 1 PD78F1025GB-GAH-AX, 78F1026GB-GAH-AX
64 pin Plastic TQFP(Fine pitch)(7x7) 1 PD78F1025GA-HAB-AX, 78F1026GA-HAB-AX
64 pin Plastic FBGA(5x5) 1 PD78F1025F1-AN9-A, 78F1026F 1-AN9-A

Caution The 78K0OR/KC3-L, 78KOR/KE3-L has an on-chip debug function, which is provided for development
and evaluation. Do not use the on-chip debug function in products designated for mass production,
because the guaranteed number of rewritable times of the flash memory may be exceeded when this
function is used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not
liable for problems occurring when the on-chip debug function is used.

RO1UHO019EJ0201 Rev.2.01 17
Sep 22, 2011 /-{ENESAS
]



78KOR/KC3-L, 78KOR/KE3-L CHAPTER 1 OUTLINE

1.4 Pin Configuration (Top View)

e 48-pin plastic TQFP (Fine pitch) (7 x 7)
<R> e 48-pin plastic WQFN (7 x 7)
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Cautions 1. Make AVss and EVss the same potential as Vss.
<R> 2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
3. P20/ANIO to P27/ANI7 are set as analog inputs in the order of P27/ANI7, ..., P20/ANIO by the A/D
port configuration register (ADPC). When using P20/ANIO to P27/ANI7 as analog inputs, start
designing from P27/ANI17 (see 10.3 (6) A/D port configuration register (ADPC) for details).
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CHAPTER 1 OUTLINE

<R>
<R>

<R>

e 64-pin plastic TQFP (7 x 7)
e 64-pin plastic LQFP (10 x 10)
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P123/XT1 O—={ 8 41 f=—0O P13/TXD3

FLMDO O——
P122/X2/[EXCLK O——=
P121/X1 O——=
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Cautions 1. Make AVss and EVss the same potential as Vss.
2. Please make EVDD the same potential as VDD.
3. Connect the REGC pin to Vssvia a capacitor (0.47 to 1 uF).

4. P20/ANIO - P27/ANI7 are set as analog inputs in the order of P27/ANI7, ..., P20/ANIO by the A/D port
configuration register (ADPC). When using P20/ANI0O to P27/ANI7 as analog inputs, start
designing from P27/ANI17 (see 10.3 (6) A/D port configuration register (ADPC) for details).
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78KOR/KC3-L, 78KOR/KE3-L CHAPTER 1 OUTLINE

<R> e 64-pin plastic FBGA (5 x 5)

Top View Bottom View
SEOEONORORONONS 8 OJOXONONONOXOXO)
SEOEO RO RORONONS 7 OJOXONONONOXOXO)
SEOEOEORORORORS 6 OXOXOXONORONOXO)
SEOEONORORONONS 5 OJOXONONONOXOXO)
SEOIO RO RORONONS 4 OJOXONONONOXOXO)
SEOEONORORONONS 3 OJOXONONONOROXO)
SEOEONORORONONS 2 OJOXONONONOXOXO)
OO OO OOO 1 OJOXONONONOXOXO)
o yd
IS
A B CDETF GH H GFEDTCBA
Index mark
Pin No. Name Pin No. Name Pin No. Name Pin No. Name
A1 USBM C1 P53/TI00 E1 P13/TxD3 G1 AVREF
A2 USBP c2 P51/INTP2 E2 P12/S000/TxDO G2 P27/ANI7
A3 P71/KR1 c3 P52/TO00 E3 P110 G3 P25/ANI5
A4 P73/KR3 C4 P74/KR4/INTP8 E4 P111 G4 P23/ANI3
A5 P31/TI03/TO03/INTP4 |C5 P76/KR6/INTP10 E5 P143/S120/RxD2/ G5 P21/ANI
SDA20
A6 P61/SDAO C6 P77/KR7/INTP11 E6 P41/TOOLA1 G6 P04/SCK10/SCL10
A7 P60/SCLO c7 Vss E7 RESET G7 P02/SO10/TxD1
A8 EVbD c8 P121/X1 E8 FLMDO G8 P124/XT2
B1 P50/INTP1 D1 P14/RxD3 F1 P10/SCK00 H1 AVss
B2 USBPUC D2 P16/TI01/TO01/ F2 P11/S100/RxD0O H2 P26/ANI6
INTP5
B3 P70/KRO D3 P15/RTCDIV/RTCCL |F3 P130 H3 P24/ANI4
B4 P72/KR2 D4 P17/T102/TO02 F4 P144/S020/TxD2 H4 P22/ANI2
B5 P63 D5 P75/KR5/INTP9 F5 P142/SCK20/SCL20  |H5 P20/ANIO
B6 P62 D6 P40/TOOLO F6 P43 H6 P03/SI10/RxD1/
SDA10
B7 VbD D7 REGC F7 P42/TI04/TO04 H7 P140/PCLBUZ0/
INTP6
B8 EVss D8 P122/X2/EXCLK F8 P123/XT1 H8 P120/INTPO/EXLVI
Cautions 1. Make AVss and EVss the same potential as Vss.
2. Make EVob the same potential as Vop.
3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
RO1UHO0019EJ0201 Rev.2.01 20
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78KOR/KC3-L, 78KOR/KE3-L CHAPTER 1 OUTLINE

1.5 Pin Identification

ANIO-ANI7 :Analog Input RTCCL :Real-time Counter Clock (32 kHz
AVREF :Analog Reference Voltage Original Oscillation) Output
AVss :Analog Ground RTCDIV :Real-time Counter Clock (32 kHz
EVop :Power Supply for Port Divided Frequency) Output
EVss :Ground for Port RxD0-RxD3 :Receive Data
EXLVI :External potential Input SCKO00, SCK10, SCK20 :Serial Clock Input/Output

for Low-voltage detector SCLO, SCL10, SCL20 :Serial Clock Input/Output
FLMDO :Flash Programming Mode SDAO, SDA10, SDA20:Serial Data Input/Output
INTPO-INTP2, S100, SI10, SI20 :Serial Data Input
INTP4-INTPSG, S000, SO10,S020 :Serial Data Output
INTP8-INTP11 :External Interrupt Input TIOO-TI04 ‘Timer Input
KRO-KR7 :Key Return TOO00-TO04 :Timer Output
PCLBUZ0 :Clock out put/ Buzzer output ~ TOOLO :Data Input/Output for Tool
P02-P04 :Port 0 TOOLA1 :Clock Output for Tool
P10-P17 :Port 1 TxDO-TxD3 ‘Transmit Data
P20-P27 :Port 2 USBP :USB Data I/O ( +)
P31 :Port 3 USBM :USB Data I/O ( -)
P40-P43 :Port 4 USBPUC :USB Pull-up Resistor Control
P50-P53 :Port 5 Vbp :Power Supply
P60-P63 :Port 6 Vss :Ground
P70-P77 :Port7 X1, X2 :Crystal Oscillator
P110, P111 :Port 11 (Main SystemClock)
P120-P124 :Port 12 XT1, XT2 :Crystal Oscillator
P130 :Port 13 (SubsystemClock)
P140-P144 :Port 14
REGC :Regulator Capacitance
RESET :Reset

RO1UH0019EJ0201 Rev.2.01 21
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78KOR/KC3-L, 78KOR/KE3-L CHAPTER 1 OUTLINE

1.6 78K0OR/KX3-L Microcontroller Lineup

ROM RAM 78KOR/KC3-L 78KOR/KE3-L
48 pin 64 pin
<R>| 128kB 8 KB"™"® 1 PD78F1024 1PD78F1026
<R>| 96kB 8 KB™"* uPD78F1023 4PD78F1025
96 KB | 6KB - -
<R>|] 64KB | 6KB uPDT78F1022 -

Note This is 7 KB when the self-programming function is used.
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78KOR/KC3-L, 78KOR/KE3-L CHAPTER 1 OUTLINE

1.7 Block Diagram
1.7.1 78KOR/KC3-L

TIMER ARRAY
UNIT (8ch) - PORT 0 K "3~ >P02-P04
cho
- PORT 1 8 >P10-P17
TI01/T001/P16 =~ chi K= - PORT 2 (T8 >p20-p27
TI02/T002/P17 ~——f=
TI03/TO03/P31 =—{~
ch3 - PORT 4 <2 >pao-pan
o - PORT 5 K2 >pso-ps1
< PORT 6 K4 >P60-P63
ch6 - PORT 7 K2 >p70-p73
RXD3(LINSEL) —»
i 72§3R on < PORT 12 PN
CORE MEMORY K 4 Jp121-P124
LOW-SPEED
INTERNAL @ @ PORT 14 ~—=P140
OSCILLATOR
]
WINDOW
WATCHDOG [ @ ANIO/P20-
TIMER K= ani7sp2r
<—>| A/DCONVERTER
RTCDIV/RTCCL/P15 RAM AVrer
AVss
SERIAL ARRAY
KRO/P70-
KEY RETURN
UNIToach = I ==
RxDO/P11 ——= UARTO
TXDO/P12 POWER ON CLEAR/
LOW VOLTAGE c?,\f{;gl_ l=——ExLVI/P120
INDICATOR
RxD1/P03 UART1
<:’> Voo/  Vss/  FLMDO
TXD1/P02 EVoo  EVss
J— RESET CONTROL
SCKOO/P10 ~—|
SI00/P11 ——
- | «——= TOOLO/P40
S000/P12 (] ON-CHIP DEBUG TOOL1/P4T
SCK10/P04 ~—=| o
SI110/P03 SYSTEM [+———RESET
5010/P02 CONTROL X1/p121
1
iciereen | [ x2/EXcLPI22
INTERNAL XT1/P123
SCL10/PO4 ~—= Iicio OSCILLATOR XT2/P124
SDA10/PO3
VOLTAGE
REGULATOR REGC
SERIAL ARRAY RXD3/P14 (LINSEL)
UNITT (4ch) INTPO/P120
INTP1/P50,
RXD3/P14 — | UART3 - - INTP2/P51
<D InTERRUPT
TXD3/P13 ~—— LINSEL CONTROL ~—— INTP4/P31
-~ INTPS/P16
~—— INTP6/P140
SDAO/P61 +——| SERIAL
SCLO/P60 ~——=| INTERFACE IICA - —
USEP = USB FUNCTION -
USBM CONTROLLER
USBPUC ~——]|
BUZZER OUTPUT
PCLBUZO/P140/INTP6 ~ =———t = = = = = = = = =
CLOCK OUTPUT
CONTROL
MULTIPLERE |
DIVIDER
DIRECT MEMORY
ACCESS CONTROL
BCD L
ADJUSTMENT [N
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1.7.2 78KOR/KE3-L

TI0O0/TO00/P53 ——

TIO1/TOO01/P16 —=~—

TI02/TO02/P17 —~—|

TI03/TO03/P31 ——

TI04/TO04/P42

RxD3(LINSEL)

TIMER ARRAY
UNIT (8ch)

n
T
I

ch1
ch2
N

— ch4
chs
ché

| ch7

RTCDIV/RTCCL/P15

LOW-SPEED

INTERNAL
OSCILLATOR

WINDOW
WATCHDOG
TIMER

<>

REALTIME COUNTER [ >/

SERIAL ARRAY

78KOR
CcPU
CORE

FLASH
MEMORY

O

UNITO (4ch)
RxDO/P11 UARTO
TxDO/P12
RxD1/P03 UART1
TxD1/P02

SCKOO/P10 —~——
S100/P11 = csloo
S000/P12 ~—{
SCK10/P04 csio
si10/P03
SO10/P0O2
SCL10/P0O4 Ic10
SDA10/P03
SERIAL ARRAY
UNIT1 (4ch)
RxD2/P143 — UART2
TxD2/P144
RxD3/P14 UART3
TxD3/P13
SCK20/P142 csi20
S120/P143
S5020/P144
SCL20/P142 IC20
SDA20/P143
SDA0/P61 ~——+| SERIAL

SCLO/P60 —~——

USBP ~——|
USBM —~——|

USBPUC ———

PCLBUZO/P140/INTP6

INTERFACE IICA

{

USB FUNCTION
CONTROLLER

{

BUZZER OUTPUT

CLOCK OUTPUT
CONTROL

-

MULTIPLIER& “
DIVIDER

DIRECT MEMORY
ACCESS CONTROL

BCD
ADJUSTMENT

RAM

Voo/
EVoo

Vss/
EVss

FLMDO

o]

I T
o s Jemons

-~ P31

<:><I>P1 10,P111
<:> P121-P124
P e

P140. P142-P124

P120

<=

A/D CONVERTER

ANIO/P20-
ANI7/P27

AVRer
AVss

<> KEY RETURN - Esg;g;g’

POWER ON CLEAR/
LOW VOLTAGE ESI
INDICATOR
RESET CONTROL
PP TOOLO/P40
< N-CHIP DEBU TOOL1/P41
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78KOR/KC3-L, 78KOR/KE3-L

CHAPTER 1 OUTLINE

1.8 Outline of Functions

(1/2)
Item 78KOR/KC3-L 78KOR/KE3-L
<R uPD78F1022 41 PD78F1023 4 PD78F1024 uPD78F1025 uPD78F1026

Internal Flash memory | 64 KB 96 KB 128 KB 96 KB 128 KB
Memory (self-programming

supported)

RAM 6 KB 8 kB™*' 8 KB™*'
Memory space 1 MB

Main High-speed system | X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
system clock 21020 MHz: Vbb=2.7t0 3.6 V, 2to 5 MHz: Vbb = 1.8 to 3.6V
clock Internal high-speed | Internal oscillation
_—— oscillation clock 1 MHz £13%, 8 MHz £1.8%: VDD =1.8t0 3.6 V
(Oscillation
frequency) 20 MHz internal Internal oscillation
high-speed 20 MHz +2.4%: Voo =2.7t0 3.6 V
oscillation clock
USB Clock 48 MHz

( Divide, multiply and generate High speed system clock 12 MHz, 16 MHz, 20 MHz(Voo = 3.0 to 3.6 V)

Subsystem clock
(Oscillation frequency)

XT1 (crystal) oscillation
32.768 kHz (TYP.): Voo = 1.8t0 3.6 V

internal
clock(WDT specific)

Low speed

oscillation

Internal Oscillation

30 kHz(TYP.):Vop = 1.8t0 3.6 V

General-purpose register

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

Minimum instruction execution
time

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

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

Instruction set

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

1/0 PORT Total 39 53
CMOS I/0 30 43
CMOS Input 4 4
CMOS Output - 1
N-ch O.DI/O 4 4
(6 V Tolerance)
USB for Buffer 1 1
control
Timer ¢ 16 Bit timer :8Channel
e Watchdog Timer :1Channel
¢ Real-time counter :1Channel
Timer Output | 3(PWM Output:2™?) 5(PWM Output:4™"*?)
RTC Output 1
e 512 Hz or 16.384 kHz or 32.768 kHz(Subsystem clock:fsus = 32.768 kHz)
Notes 1. Thisis 7 KB when the self-programming function is used.

2. The number of outputs varies, depending on the setting.
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78KOR/KC3-L, 78KOR/KE3-L CHAPTER 1 OUTLINE

(2/2)
ltem 78KOR/KC3-L 78KOR/KE3-L
<R> 4 PD78F1022 uPD78F1023 4 PD78F1024 4 PD78F1025 1 PD78F1026
Clock Output/Buzzer Output 1
e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Peripheral hardware clock :fwan = 20 MHz operation)
e 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock:fsus = 32.768 kHz operation)
A/D converter 10-bit resolution x 8 channels (AVrer = 1.8 to 3.6 V)
Serial interface SAUO o CSl:1Channel/lUART:1Channel ¢ CSI:1Channel/lUART:1Channel
e CSl:1Channel/lUART:1ChannelsimpliiediC:1Channel o CSI:1Channel/lUART:1Channel/simplified
FC:1Channel
SAU1 o UART(LIN-bus supported):1Channel o CSI:1Channel/lUART:1Channel/simplified
’C:1Channel
o UART(LIN-bus supported):1Channel
[ICA o [*CBus:1Channel
Multiplier/divider e 16 bits x 16 bits = 32 bits (multiplication)
¢ 32 bits + 32 bits = 32 bits (division)
USB Function controller USB2.0 Full speed function controller:1ch
DMA Controller 2Channel
Vectored interrupt sources | Internal 36 41
External 7 11
Key Interrupt 4Channel(KR0-KR3) 8Channel(KR0-KR7)
Reset « Reset by RESET pin

¢ Internal reset by watchdog timer

¢ Internal reset by power-on-clear

¢ Internal reset by low-voltage detector

o Internal reset by illegal instruction execution
<R> o Internal reset by a reset processing check error

Note

Power-on-clear circuit ¢ Power-on-reset: 1.61+£0.09 V
* Power-down-reset: 1.59 £0.09 V

Low-voltage detector 1.91 Vto 3.45 V (11 stages)

On-chip debug function Provided

Power supply voltage When USB is not in use Voo = 1.8 to 3.6 V, When USB is in use Voo = 3.0 t0 3.6 V
Operating ambient temperature Ta=-40to +85 °C

Package 48 pin LQFP(7 x 7)(0.50 mm pitch) 64 pin TQFP(7 x 7)

(0.40 mm pitch)

64 pin LQFP(10 x 10)
(0.50 mm pitch)

64 pin FBGA(5 x 5)
(0.50 mm pitch)

Note The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip debug
emulator.
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78KOR/KC3-L, 78 KOR/KE3-L

CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

CHAPTER 2 PIN FUNCTIONS

There are three types of pin I/O buffer power supplies: AVrer, EVop and Vop. The relationship between these power

supplies and the pins is shown below.

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

Power Supply Corresponding Pins
AVRrer P20 - P27
EVoo e Port pins other than P20 - P27
« RESET and FLMDO pins
Voo e P121-P124

 Pins other than port pins (excluding RESET and FLMDO pins)
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78KOR/KC3-L, 78 KOR/KE3-L

CHAPTER 2 PIN FUNCTIONS

2.1.1 78KOR/KC3-L
(1) Port functions (1/2): 78KOR/KC3-L

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

Function Name /0 Function After Reset Alternate Function
P02 110 Port 0. Input port SO10/TxD1
PO3 3-bit 1/O port. SI10/RxD1/SDA10
P04 Input of P03, P04 can be set to TTL input buffer. SCT/SCU
0 Output of P02 - P04 can be set to N-ch open-drain output (Voo 0 0
tolerance).
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P10 110 Port 1. Input port SCKO00
P11 8-bit 1/O port. SI00/RxDO
P12 Input of P10, P11 can be set to TTL input buffer. SO00/TXDO
Output of P10, P12 can be set to N-ch open-drain output (Voo
P13 TxD3
tolerance).
P14 Input/output can be specified in 1-bit units. RxD3
P15 Use of an on-chip pull-up resistor can be specified by a RTCDIV/RTCCL
ft tting.
P16 software setiing TI01/TO01/INTPS
P17 TI02/TO02
P20 - P27 1/0 Port 2. Digital input | ANIO - ANI7
8-bit I/O port. port
Input/output can be specified in 1-bit units.
P31 /0 Port 3. Input port TI0O3/TOO03/INTP4
1-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P4Q" 110 Port 4. Input port TOOLO
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P50 110 Port 5. Input port INTP1
P51 2-bit 1/0 port. INTP2
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 Port 6. SCLO
P62, P63 Output of P60 - P63 can be set to N-ch open-drain output (6V }
tolerance).

Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally (see
Caution in 2.2.5 P40 - P47 (Port 4).
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CHAPTER 2 PIN FUNCTIONS

(1) Port functions (2/2): 78KOR/KC3-L

P70- P73 110 Port 7. Input port KRO-KR3
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.
P120 /0 Port 12. Input port INTPO/EXLVI
P121 Input 1-bit 1/0 port and 4-bit input port. X1
For only P120, use of an on-chip pull-up resistor can be
P122 - . X2/EXCLK
specified by a software setting.
P123 XT1
P124 XT2
P140 110 Port 14. Input port PCLBUZO0/INTP6
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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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (1/2): 78KOR/KC3-L
Function Name l{e] Function After Reset Alternate Function
ANIO - ANI7 Input | A/D converter analog input Digital input port P20 - P27
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
INTPO Input | External interrupt request input for which the valid edge (rising Input port P120/EXLVI
INTP1 edge, falling edge, or both rising and falling edges) can be P50
specified
INTP2 P51
INTP4 P31/T103/TO03
INTP5 P16/T101/TOO01
INTP6 P140/PCLBUZ0
KRO - KR3 Input | Key interrupt input Input port P70 - P73
PCLBUZ0 Qutput | Clock output/buzzer output Input port P140/INTP6
REGC - Connecting regulator output (2.4 V) stabilization capacitance for - -
internal operation.
<R> Connect to Vss via a capacitor (0.47 to 1 uF).
RTCDIV Output | Real-time counter clock (32 kHz divided frequency) output Input port P15/RTCCL
RTCCL Output | Real-time counter clock (32 kHz original oscillation) output Input port P15/RTCDIV
RESET Input | System reset input - -
RxDO Input | Serial data input to UARTO Input port P11/S100
RxD1 Input | Serial data input to UART1 Input port P03/SI10/SDA10
RxD3 Input Serial data input to UART3 Input port P14
SCKO00 I/0 Clock input/output for CSI00, CSI10, CSI20 Input port P10
SCK10 P04/SCL10
SCLO 1/0 Clock input/output for I’C Input port P60
SCL10 /0 Clock input/output for simplified I°C Input port P04/SCK10
SDAO 1/0 Serial data 1/0 for I°C Input port P61
SDA10 1/0 Serial data /O for simplified I°C Input port P03/S110/RxD1
SI00 Input  [Serial data input to CSI00, CSI10 Input port P11/RxD0
SI10 P03/RxD1/SDA10
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78KOR/KC3-L, 78 KOR/KE3-L CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (2/2): 78KOR/KC3-L

Function Name I/0 Function After Reset Alternate Function
SO00 Output | Serial data output from CSI00 and CSI10 Input port | P12/TxD0
SO10 P02/TxD1
TIO1 Output | External count clock input to 16-bit timer 01 P16/TO01/INTP5
TI02 External count clock input to 16-bit timer 02 P17/TO02
TIO3 External count clock input to 16-bit timer 03 P31/TO03/INTP4
TOO1 Qutput | 16-bit timer 01 output Input port P16/TI01/INTP5
TOO02 16-bit timer 02 output P17/T102
TOO03 16-bit timer 03 output P31/TI03/INTP4
TxDO Qutput | Serial data output from UARTO Input port P12/SO00
TxD1 Serial data output from UART1 P02/SO10
TxD3 Serial data output from UART3 P13
USBM I/0 USB Data Input Output (-) Input port | -
USBP I/0 USB Data Input Output (+) Input port | -
USBPUC Qutput | USB Pull-up resistor control pin. Low level -
Output
X1 - Resonator connection for main system clock Input port P121
X2 - Input port P122/EXCLK
EXCLK Input External clock input for main system clock Input port P122/X2
XT1 - Resonator connection for subsystem clock Input port P123
XT2 - Input port P124
Vob - Positive power supply (P121 - P124 and other than ports - -
(excluding RESET and FLMDO pins))
EVoo - Positive power supply for ports (other than P20- P27, P121- - -
P124) and RESET and FLMDO pins
AVrer - * A/D converter reference voltage input - -
» Positive power supply for P20-P27 and A/D
converter
Vss - Ground potential (P121 - P124 and other than ports (excluding - -
RESET and FLMDO pins))
EVss - Ground potential for ports (other than P20-P27, P121- P124) and - -
RESET and FLMDO pins
AVss - Ground potential for A/D converter, P20- P27. Use this pin with - -
the same potential as EVss and Vss.
FLMDO - Flash memory programming mode setting - -
TOOLO 110 Data I/O for flash memory programmer/debugger Input port | P40
TOOL1 Output | Clock output for debugger Input port P41
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CHAPTER 2 PIN FUNCTIONS

2.1.2 78KOR/KE3-L

(1)Port functions (1/2):78 KOR/KE3-L

Function 1/0 Function After Reset | Alternate Function
Name
P02 110 Port 0. Input Port SO10/TxD1
P03 3-bit I/O port. SI110/RxD1/SDA10
P04 Input of P03, P04 can be set to TTL input buffer. SCK10/SCL10
Output of P02 - P04 can be set to N-ch open-drain output (Voo
tolerance).
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P10 I/0 Port 1. Input Port SCKO00
P11 8-bit VO port. SI00/RXDO
P12 Input of P10, P11 can be set to TTL input buffer. SO00/TXDO
P13 Output of P10, P12 can be set to N-ch open-drain output (Voo TXD3
tolerance).
P14 RxD3
Input/output can be specified in 1-bit units.
P15 RTCDIV/RTCCL
Use of an on-chip pull-up resistor can be specified by a software
P16 TIO1/TO01/INTP5
setting.
P17 T102/TO02
P20-P27 110 Port 2. Digital ANIO-ANI7
8-bit 1/0 port. Input Port
Input/output can be specified in 1-bit units.
P31 110 Port 3. Input Port TIO3/TO03/INTP4
1-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
p4oM* o) Port 4. Input Port | TOOLO
P41 8-bit I/O port. TOOL1
P42 Input/output can be specified in 1-bit units. TI04/TO04
P43 Use of an on-chip pull-up resistor can be specified by a software _
setting.
P50 I/0 Port 5. Input Port INTP1
P51 4-bit 1/0 port. INTP2
Input/output can be specified in 1-bit units.
P52 TOO00
Use of an on-chip pull-up resistor can be specified by a software
P53 . TIOO
setting.
P60 110 Port 6. Input Port SCLO
P61 4-bit 1/0 port. SDAO
Output of P60 - P63 can be set to N-ch open-drain output (6 V
P62, P63 -
tolerance).
Input/output can be specified in 1-bit units.
Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally (see

Caution in 2.2.5 P40 - P47 (port 4)
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CHAPTER 2 PIN FUNCTIONS

(1)Port functions (2/2):78KOR/KE3-L

Function 110 Function After Reset | Alternate Function
Name
P70-P73 110 Port 7. Input Port | KRO-KR3
P74-P77 8-bit 1/0 port. KR4/INTP8-
Input/output can be specified in 1-bit units. KR7/INTP11
Use of an on-chip pull-up resistor can be specified by a software
setting.
P110, P111 1/0 Port 11. Input Port -
2-bit 1/0 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.
P120 /0 Port 12. Input Port [ INTPO/EXLVI
P121 Input 1-bit I/O port and 4-bit input port. X1
P122 For only P120, use of an on-chip pull-up resistor can be specified X2/EXCLK
P123 by a software setting. XT1
P124 XT2
P130 Output Port 13. Output Port -
1-bit output port.
P140 110 Port 14. Input Port | PCLBUZO/INTP6
P142 4-bit 1/0 port. SCK20/SCL20
P143 Input of P142, P143 can be set to TTL input buffer. SI20/RxD2/SDA20
P144 Output of P142 - P144 can be set to the N-ch open-drain output S020/TxD2

(Voo tolerance).
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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CHAPTER 2 PIN FUNCTIONS

<R>

(2) Non-port Function(1/2):78KOR/KE3-L

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

EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
INTPO Input External interrupt request input for which the valid edge (rising Input port P120/EXLVI
INTP1 edge, falling edge, or both rising and falling edges) can be P50

specified
INTP2 P51
INTP4 P31/T103/TO03
INTP5 P16/T101/TO01
INTP6 P140/PCLBUZ0
INTPS8 - P74/KR4 - P77/KR7
INTP11
KRO - KR3 Input Key interrupt input Input port P70 - P73
KR4 - KR7 P74/INTPS8 -

P77/INTP11

PCLBUZ0 Output | Clock output/buzzer output Input port | P140/INTP6
REGC - Connecting regulator output (2.4 V) stabilization capacitance for - -

internal operation.

Connect to Vss via a capacitor (0.47 - 1 uF).
RTCDIV Output | Real-time counter clock (32 kHz divided frequency) output Input port | P15/RTCCL
RTCCL Output | Real-time counter clock (32 kHz original oscillation) output Input port P15/RTCDIV
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port P11/S100
RxD1 Input Serial data input to UART1 Input port | PO3/SI10/SDA10
RxD2 Input Serial data input to UART2 Input port | P143/S120/SDA20
RxD3 Input Serial data input to UART3 Input port P14
SCKO00 110 Clock input/output for CSI00, CSI10, CSI20 Input port | P10
'SCK10 P04/SCL10
SCK20 P142/SCL20
SCLO 110 Clock input/output for I°C Input port | P60
SCL10 1/0 Clock input/output for simplified [°C Input port | PO4/SCK10
SCL20 P142/SCK20
SDAO 110 Serial data I/O for I’C Input port P61
SDA10 110 Serial data 1/O for simplified I°C Input port | PO3/SI10/RxD1
SDA20 P143/S120/RxD2
SI00 Input Serial data input to CSI00, CSI10, CSI20 Input port | P11/RxD0O
Si1o P03/RxD1/SDA10
SI20 P143/RxD2/SDA20
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port Function(2/2):78KOR/KE3-L

Function 110 Function After Reset | Alternate Function
Name
SO00 Output Serial data output from CSI00, CSI10, CSI20 Input Port P12/TxD0
SO10 P02/TxD1
S020 P144/TxD2
TIOO Input External count clock input to 16-bit timer 00 Input Port P53
TIO1 External count clock input to 16-bit timer 01 P16/TO01/INTP5
TI02 External count clock input to 16-bit timer 02 P17/TO02
TIO3 External count clock input to 16-bit timer 03 P31/TO03/INTP4
TIO4 External count clock input to 16-bit timer 04 P42/TO04
TOO00 Output 16-bit timer 00 output Input Port P52
TOO1 16-bit timer 01 output P16/TI01/INTP5
TO02 16-bit timer 02 output P17/T102
TOO03 16-bit timer 03 output P31/TI03/INTP4
TO04 16-bit timer 04 output P42/T104
TxDO Output Serial data output from UARTO Input Port P12/SO00
TxD1 Serial data output from UART1 P02/SO10
TxD2 Serial data output from UART2 P144/S0O20
TxD3 Serial data output from UART3 P13
USBM 110 USB Data Input Output (-) Input Port -
USBP /10 USB Data Input Output (+) Input Port -
USBPUC Output USB Pull-up resistor control pin Low level
Output -
X1 - Resonator connection for main system clock Input Port P121
X2 - Input Port P122/EXCLK
EXCLK Input External clock input for main system clock Input Port P122/X2
XT1 - Resonator connection for subsystem clock Input Port P123
XT2 - Input Port P124
Vop B Positive power supply (P121 - P124 and other than ports B B
(excluding RESET and FLMDO pins))
EVop B Positive power supply for ports (other than P20- P27, P121- B B
P124) and RESET and FLMDO pins
AVRer o A/D converter reference voltage input
- * Positive power supply for P20-P27 and A/D - -
converter
Vss B Ground potential (P121 - P124 and other than ports (excluding B B
RESET and FLMDO pins))
EVss B M potential for ports (other than P20-P27, P121- P124) and B B
RESET and FLMDO pins
AVss B Ground potential for A/D converter, P20- P27. Use this pin with B B
the same potential as EVss and Vss.
FLMDO - Flash memory programming mode setting - -
TOOLO 110 Data I/O for flash memory programmer/debugger Input Port P40
TOOL1 Output Clock output for debugger Input Port P41
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78KOR/KC3-L, 78 KOR/KE3-L CHAPTER 2 PIN FUNCTIONS

2.2 Description of Pin Functions

2.2.1 P02 - P04 (port 0)

78KOR/KC3-L(48 Pin) 78KOR/KE3-L(64 Pin)

(4 PD78F102y:y = 2-4) (4 PD78F102y:y = 5, 6)
P02/SO10/TxD1 y J
P03/SI110/RxD1/SDA10 y Y
P04/SCK10/SCL10 N N

It functions as an 1/O port. These pins also function as timer /O, serial interface data 1/0, and clock I/O.

Input to the P03, P04 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units, using port
input mode register 0 (PIMO).

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

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

(1) Port mode
It functions as an 1/O port. It can be set to input or output port in 1-bit units using port mode register 0 (PM0). Use of
an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

(2) Control mode
It functions as timer 1/O, serial interface data /O, and clock I/O.

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

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

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

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

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

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

(g) SCL10
This is a serial clock 1/O pin of serial interface for simplified I°C.

Caution To use P02/SO10/TxD1, P04/SCK10/SCL10 as general-purpose ports, set serial communication
operation setting register 02 (SCR02) to the default status (0087H). In addition, clear port
output mode register 0 (POMO) to 00H.
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2.2.2 P10 - P17 (port 1)

78KOR/KC3-L(48 Pin) 78KOR/KE3-L(64 Pin)

(1 PD78F102y:y = 2-4) (uPD78F102y:y = 5, 6)
P10/ SCKO00 y J
P11/SI100/RxD0 y J
P12/SO00/TxDO V J
P13/TxD3 y J
P14/RxD3 V \
P15/RTCDIV/RTCCL V J
P16/TI01/TO01/INTP5 y J
P17/T102/TO02 V \

It functions as an 1/0O port. These pins also function as external interrupt request input, serial interface data 1/O, clock
I/O, timer /O, and real-time counter clock output.
Input to the P10, P11 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units, using port

input mode register 1 (PIM1).

Output from the P10, P12 pins can be specified as normal CMOS output or N-ch open-drain output (Vop tolerance) in 1-
bit units, using port output mode register 1 (POM1).

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

(1) Port mode

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

(2) Control mode

It functions as an external interrupt request input, serial interface data I/O, clock I/O, timer I/O, and real-time counter

clock output.

(a) Sl00

This is a serial data input pin of serial interface CSI00.

(b) SO00

This is a serial data output pin of serial interface CSI00.

(c) SCKo0

This is a serial clock 1/0O pin of serial interface CSI00.

(d) RxDO, RxD3

These are the serial data input pins of serial interface UARTO, UARTS.

(e) TxDO, TxD3

These are the serial data output pins of serial interface UARTO0, UARTS.

(f) TIO1, TI02

These are the pins for inputting an external count clock/capture trigger to 16-bit timers 01, 02.

RO1UHO019EJ0201 Rev.2.01
Sep 22, 2011

RENESAS

37



78KOR/KC3-L, 78 KOR/KE3-L CHAPTER 2 PIN FUNCTIONS

(g) TOO1, TOO02
These are the timer output pins of 16-bit timers 01, 02.

(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.

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

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

Cautions 1. To use P10/SCK00, P12/SO00/TxD0 as general-purpose ports, set serial communication
operation setting register 00 (SCR00) to the default status (0087H).
2. Do not enable outputting RTCCL and RTCDIV at the same time.

RO1UHO019EJ0201 Rev.2.01 38
Sep 22, 2011 RENESAS
[ |



78KOR/KC3-L, 78 KOR/KE3-L CHAPTER 2 PIN FUNCTIONS

2.2.3 P20 - P27 (port 2)

78KOR/KC3-L(48 Pin) 78KOR/KE3-L(64 Pin)
(UPD78F102y:y = 2-4) (4 PD78F102y:y = 5, 6)

P20/ANIO y J

P21/ANI1 y J

P22/ANI2 V J

P23/ANI3 y J

P24/AN14 V \

P25/ANI5 V J

P26/ANI6 y J

P27/ANI7 V \

It functions as an 1/O port. These pins also function as A/D converter analog input.
The following operation modes can be specified in 1-bit units.

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

(2) Control mode
It functions as A/D converter analog input pins (ANIO - ANI7). When using these pins as analog input pins, refer to
10.6 (5) ANIO/P20 - ANI7/P27

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

2.2.4 P31 (port 3)

78KOR/KC3-L(48 Pin) 78KOR/KE3-L(64 Pin)
(UPD78F102y:y = 2-4) (UPD78F102y:y = 5, 6)
P31/TI103/TO03/INTP4 N N

It functions as an I/O port. These pins also function as external interrupt request input, timer I/O, and real-time counter
correction clock output.
The following operation modes can be specified in 1-bit units.

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

(2) Control mode
It functions as external interrupt request input, timer 1/0, and real-time counter correction clock output.

(a) INTP3, INTP4
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.
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(b) TIO3
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 03.

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

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

2.2.5 P40 - P43 (port 4)

78KOR/KC3-L(48 Pin) 78KOR/KE3-L(64 Pin)
(1 PD78F102y:y = 2-4) (4 PD78F102y:y = 5, 6)
P40/TOOLO y J
P41/TOOL1 y J
P42/TI04/TO04 - J
P43 - \

It functions as an 1/O port. These pins also function as serial interface data 1/O, clock I/O, data I/O for a flash memory
programmer/debugger, clock output, and timer 1/O.
The following operation modes can be specified in 1-bit units.

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

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

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

(b) TOOL1
This is a clock output pin for a debugger.
When the on-chip debug function is used, P41/TOOL1 pin can be used as follows by the mode setting on the
debugger.
1-line mode: can be used as a port (P41).
2-line mode: used as a TOOL1 pin and cannot be used as a port (P41).

(c) TIo4
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 04.
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(d) TO04
This is a timer output pins from 16-bit timer 04.

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

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

2.2.6 P50 - P53 (port 5)

78KOR/KC3-L(48 Pin) 78KOR/KE3-L(64 Pin)
(UPD78F102y:y = 2-4) (uPD78F102y:y = 5, 6)
P50/INTP1 y J
P51/INTP2 y J
P52/TO00 - J
P53/TI00 - J

It functions as an 1/O port. These pins also function as external interrupt request input, timer I/O, and clock/buzzer
output.
The following operation modes can be specified in 1-bit units.

(1) Port mode
It functions as an 1/O port. It can be set to input or output port in 1-bit units using port mode register 5 (PM5). Use of
an on-chip pull-up resistor can be specified by pull-up resistor option register 5 (PU5).

(2) Control mode
It functions as external interrupt request input, timer 1/0, and clock/buzzer output.

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

(b) TIOO
These are the pins for inputting an external count clock/capture trigger to 16-bit timers 00.

(c) TOO0
These are the timer output pins of 16-bit timers 00.
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2.2.7 P60 - P63 (port 6)

78KOR/KC3-L(48 Pin) 78KOR/KE3-L(64 Pin)
(UPD78F102y:y = 2-4) (4 PD78F102y:y = 5, 6)
P60/SCLO y J
P61/SDAO y J
P62 N N
P63 y J

It functions as an 1/O port. These pins also function as serial interface data I/O, clock 1/O, and timer I/O.
The following operation modes can be specified in 1-bit units.

(1) Port mode
It functions as an 8-bit I/O port. It can be set to input port or output port in 1-bit units using port mode register 6 (PM6).

Output of P60 - P63 is N-ch open-drain output (6 V tolerance).

(2) Control mode
It functions as serial interface data I/O, clock 1/O, and timer 1/O.

(a) SDAO
This is a serial data I/O pin of serial interface [ICA.

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

2.2.8 P70 - P77 (port7)

78KOR/KC3-L (48 Pin) 78KOR/KE3-L(64 Pin)
(u PD78F102y:y = 2-4) (4 PD78F102y:y = 5, 6)

P70/KRO V \

P71/KR1 y J

P72/KR2 y J

P73/KR3 N N

P74/KR4/INTP8 - N

P75/KR5/INTP9 - J

P76/KR6/INTP10 - J

P77/KR7/INTP11 - J

It functions as an I/O port. These pins also function as key interrupt input and external interrupt request input.
The following operation modes can be specified in 1-bit units.

(1) Port mode
It functions as an 1/O port. It can be set to input or output port in 1-bit units using port mode register 7 (PM7). Use of
an on-chip pull-up resistor can be specified by pull-up resistor option register 7 (PU7).
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(2) Control mode

It functions as key interrupt input, and external interrupt request input.

(a) KRO - KR7

These are the key interrupt input pins.

(b) INTPS - INTP11

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

2.2.9 P110, P111 (port 11)

78KOR/KC3-L(48 Pin)
(1 PD78F102y:y = 2-4)

78KOR/KE3-L(64 Pin)
(1 PD78F102y:y = 5, 6)

P110

\/

P111

\/

It functions as an 1/O port.

It can be set to input or output port in 1-bit units using port mode register 11 (PM11). Use of an on-chip pull-up resistor

can be specified by pull-up resistor option register 11 (PU11).

2.2.10 P120 - P124 (port 12)

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

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

78KOR/KC3-L(48 Pin) 78KOR/KE3-L(64 Pin)
(1 PD78F102y:y = 2-4) (zPD78F102y:y = 5, 6)
P120/INTPO/EXLVI y J
P121/X1 V \
P122/X2/EXCLK V J
P123/XT1 y J
P124/XT2 V \
(1) Port mode

)

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

Control mode
It functions as external interrupt request input, potential input for external low-voltage detection, connecting resonator
for main system clock, connecting resonator for subsystem clock, and external clock input for main system clock.

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

(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.

2.2.11 P130 (port 13)

78KOR/KC3-L(48 Pin)
(1 PD78F102y:y = 2-4)

78KOR/KE3-L (64 Pin)
(1 PD78F102y:y = 5, 6)

P130

\/

It functions as an output port.

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

2.2.12 P140, P142 - P144 (port 14)

78KOR/KC3-L(48 Pin)
(1 PD78F102y:y = 2-4)

78KOR/KE3-L(64 Pin)
(u PD78F102y:y = 5, 6)

P140/PCLBUZO/INTP6 y J
P142/SCK20/SCL20 - J
P143/S120/RxD2/SDA20 - v
P144/SO20/TxD2 - v

It functions as an 1/O port. These pins also function as external interrupt request input, clock/buzzer output, serial

interface data 1/0O, and clock I/O.

Input to the P142, P143 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units using

port input mode register 14 (PIM14).

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

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

(1) Port mode

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

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

(2) Control mode

It functions as external interrupt request input, clock/buzzer output, and serial interface data I/O, and clock I/O.
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(a)

(b)

(c)

(d)

(e)

®

C))

(h)

)

INTP6

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.

PCLBUZ0
This is a clock/buzzer output pin.

Si20
This is a serial data input pin of serial interface CSI20.

S020
This is a serial data output pin of serial interface CSI20.

SCK20
This is a serial clock 1/O pin of serial interface CSI20.

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

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

SDA20
This is a serial data 1/O pin of serial interface for simplified I°C.

SCL20
This is a serial clock 1/O pin of serial interface for simplified I°C.
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2.2.13 AVrer
This is the A/D converter reference voltage input pin and the positive power supply pin of P20 - P27 and A/D converter.
When P20/AN10-P27/AN17 are used as the analog port pins, make the potential of AVrer be such that 1.8 V < AVRer <
Vob. When either one of P20/AN10-P27/AN17are used as the digital port or when the A/D converter is not used, make
AVrer the same potential as EVop or Vob.

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

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

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

- _|j_ 1 rRecc
1
1
1
1
1
1
1

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

2.2.17 Vob, EVbp
Voo is the positive power supply pin for P121 - P124 and pins other than ports (excluding the RESET and FLMDO pins).
EVop is the positive power supply pin for ports other than P20 - P27, P121 - P124 as well as for the RESET and
FLMDO pins.

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

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

(a) In normal operation mode
It is recommended to leave this pin open during normal operation.
The FLMDO pin must always be kept at the Vss level before reset release but does not have to be pulled down
externally because it is internally pulled down by reset. However, pulling it down must be kept selected (i.e.,
FLMDPUP = “0”, default value) by using bit 7 (FLMDPUP) of the background event control register (BECTL) (see
23.5 (1) Back ground event control register). To externally pull it down, use a resistor of 200 kQ or smaller.
Self programming and the rewriting of flash memory with the programmer can be prohibited using hardware, by
directly connecting this pin to the Vss pin.
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(b) In self programming mode
It is recommended to leave this pin open when using the self programming function. To pull it down externally,
use a resistor of 100 kQ - 200 kQ.
In the self programming mode, the setting is switched to pull up in the self programming library.

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

Table 2-2 shows the types of pin I/O circuits and the recommended connections of unused pins. See Figure 2-1. Pin

I/0 Circuit List for the I/O circuit of each type.

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

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
P02/SO10/TxD1 5-AG 1/0 Input:  Independently connect to EVoo or EVss via a resistor.
P03/SI10/RxD1/SDA10 5-AN Output: - Leave open.

P04/SCK10/SCL10

P10/SCK00

P11/S100/RxD0

P12/SO00/TxDO0 5-AG

P13/TxD3

P14/RxD3 8-R

P15/RTCDIV/RTCCL 5-AG

P16/T101/TO01/INTP5 8-R

P17/T102/TO02

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

P31/T103/TO03/INTP4 8-R Input: Independently connect to EVop or EVss via a resistor.
Qutput: Leave open.

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

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

P42/T104/TO04 8-R Output: Leave open.

P43

P50/INTP1

P51/INTP2

P52/TO00 5-AG

P53/TI00 8-R

Note P20/ANIO - P27/ANI7 are set in the digital input port mode after release of reset.
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Table 2-2. Connection of Unused Pins (2/2)

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
P60/SCLO 13-R 1/0 Input:  Connect to EVss.
P61/SDAO Output: Set the port output latch to 0 and leave these pins open
P62, P63 13-p via low-level output.
P70/KRO - P73//KR3 8-R Input:  Independently connect to EVoo or EVss via a resistor.
P74/KR4/INTPS - Output: Leave open.
P77/KR7/INTP11
P110 8-R
P111 5-AG
P120/INTPO/EXLVI 8-R
P121/X1""* 37-B Input Independently connect to Vop or Vss via a resistor.
P122/X2/EXCLK"*
P123/XT1""
P124/XT2""
P130 3-C Qutput | Leave open.
P140/PCLBUZ0/ITNP6 8-R 1/0 Input:  Independently connect to EVoo or EVss via a resistor.
P142/SCK20/SCL20 5-AN Output: Leave open.
P143/S120/RxD2/SDA20
P144/S020/TxD2 5-AG
AVrer - - <When one or more of P20 - P27 are set as a digital port>
Make this pin the same potential as EVoo or Voo.
<When all of P20 - P27 are set as analog ports>
Make this pin to have a potential where 1.8 V < AVRer < Vop.
AVss - - Make this pin the same potential as EVss or Vss.
FLMDO 2-W - Leave open or connect to Vss via a resistor of 100 kQ or more.
RESET 2 Input Connect directly or via a resistor to EVoo.
<R>| REGC - - Connect to Vss via capacitor (0.47 to 1 uF).
USBP usB I/0 Connect to EVss.
USBM usB I/0 Connect to EVss.
USBPUC 3-C Output | Leave open.
Notes Use recommended connection above in input port mode (see Figure 5-2 Format of Clock Operation

Mode Control Register (CMC)) when these pins are not used.
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Figure 2-1. Pin I/O Circuit List (1/2)

Type 2

Type 5-AG

EVbbp

Pull-up
enable

EVDD
IN
Data —‘:D}—| P-ch
IN/OUT
N . . . _ Output N-ch
Schmitt-triggered input with hysteresis characteristics disable
EVss
enable
Type 2-W Type 5-AN
EVop
Pull-up |
Pull-up enable > |~ P-ch
P-ch j enable EVoo
Data —{ - |[=P-ch
Pulld +O IN/OUT
N-ch —-| vtk Output N-ch
disable
EVss
EVss
CMOS
IN . | I B
Schmitt-triggered input with hysteresis characteristics TTL ﬁ >
Input
characteristic
Type 3-C Type 8-R
EVDD
EVDD
Pull-up
enable {>O I P-ch
™ P-ch
EVDD
Data—l>©—‘ ouT Data 4»:D>_| P-ch
IN/OUT
— |--=— N-ch
Output ~—N-ch
disable
EVss
EVss
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Figure 2-1. Pin I/O Circuit List (2/2)

Type 11-G ‘ Type 13-R

AVrer

Data — ¢
P-ch

—O INOUT
—OIN/OUT
Qutput N-ch
disable data N h
output disable:j ) -C
AVss
P-ch
Comparator
| EVss
T N-ch —- O{}
Series resistor string voltage Y—TR
AVss
Type 13-P ‘ USB |
EVoo
Data »——O INJOUT | usm da‘ag':t)g_{ P
Output ) >Q—| N-ch »——(OUSBM
disable
et o
EVss

Input

EVI
enable .
USBP data 4":)3_{

-ch

UsSBP
Type 37-B [~ Nen

EVss
- O@
‘—CG—‘ O X2, XT2
CNB
Input

enable amp & DIN i
enable /

Z
(]
>

i

yo-d -
(e}
s

<—C<:‘,_‘ O X1, XT1
Input

enable
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the 78KOR/KC3-L, 78KOR/KE3-L can access a 1 MB memory space. Figures 3-1 - 3-3 show the memory
maps.

Figure 3-1. Memory Map (x#PD78F1022)

FFFFFH O0FFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH
Note 1 i i
FEE2OH bomm oo - Program area =
FFATFH RAM
FEFOOH 6 KB
FEEFFH
L Mirror 1 -
T 53.75KB T OTFFFH
F1000H
010CEH
FOFFFH 010CDH
Reserved On-chip debug security
FO800H ID setting area™°t¢2
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 010C3H Option byte area“°t¢?
2KB 010CO0H 4 bytes
010BFH Boot cluster 1
E IO: g E g a CALLT table area
64 bytes
01080H
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
- Reserved o -~ Program area Nt
000CEH
000CDH On-chip debug security
ID setting area™°t¢?
000C4H 10 bytes
i Note
000C3H Option byte area"® o 1 | «ior oNote3
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
10000H 0007FH
O0FFFFH
Program Flash Vector table area
A ash memory £ 128 bytes
memory - =
space 64 KB
00000H 00000H

Note. 1. Use of the area FFE20H - FFEDFH is prohibited when using the self-programming function, since this area
is used for self-programming library.
2. When boot swap is not used: Set the option bytes to 000COH - 000C3H, and the on-chip debug security IDs
to 000C4H - 000CDH.
When boot swap is used: Set the option bytes to 000COH - 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H - 000CDH and 010C4H - 010CDH.
3. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security Setting).

<R> Remark Instructions can be executed from the RAM area excluding the general-purpose register area.
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Figure 3-2 . Memory Map (©#PD78F1023, 78F1025)

FFFFFH 17FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32bytess |
FFEDFH Note 1
FEE2OH oo - Program area T
FFATFH RAM
FE700H 8KB
FE6FFH
i Mirror L
T 51.75KB T D1FFEH
F1000H 010CEH
FOFFFH
Reserved 010CDH On-chip debug security
FOBOOH ID setting area™°t¢?
FO7FFH 010C4H 10 bytes
Special function register (2nd SFR) 0T0C3H Option byte area"**?
2KB 010COH 4 bytes
010BFH B |
FOOOOH CALLT table area oot cluster 1
EFFFFH 64 bytes
01080H
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
ot Reserved pt
= Program area =
000CEH
000CDH On-chip debug security
ID setting area"°®®?
000C4H 10 bytes
000C3H Option byte area"*'*? g,k uster gNote 3
000COH 4 bytes
000BFH
CALLT table area
18000H 00080H 64 bytes
17FFFH 0007FH
Program L Flash memory L Vector table area
memory B 96 KB I~ 128 bytes
space
00000H 00000H

Notes 1. Use of the area FFE20H - FFEDFH is prohibited when using the self-programming function, since this area
is used for self-programming library.
2. When boot swap is not used: Set the option bytes to 000COH - 000C3H, and the on-chip debug security IDs
to 000C4H - 000CDH.
When boot swap is used: Set the option bytes to 000COH - 000C3H and 010COH - 010C3H, and the
on-chip debug security IDs to 000C4H - 000CDH and 010C4H - 010CDH.
3. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security Setting).

<R> Remark Instructions can be executed from the RAM area excluding the general-purpose register area.
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Figure 3-3. Memory Map (zPD78F1024, 78F1026)

FFFFFH 1FFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH S2bytes | .
FFEDFH Note 1
FFE2O0H |oooo oo . -~ -~
-~ Program area T
FFATFH RAM 9
FE300H | . 8kB
FE2FFH
FDFOOH Note 1
FDEFFH
L Mirror n —
N 51.75KB . 0TFFFH
o poce
Reserved 010CDH On-chip debug security
FO800H ID setting area°t¢2
FOTFFH 010CaH 10 bytes
Special function register (2nd SFR) 010C3H Option byte area'°®?
2KB 010COH 4 bytes
010BFH
FOOOOH CALLT table area Boot cluster 1
EFFFFH 64 bytes
01080H
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH [
= Reserved A
= Program area =
000CEH
000CDH On-chip debug security
ID setting area™°'2
000C4H 10 bytes
000C3H Option byte area™®2 o ' ] | . or o Note3
000COH 4 bytes
000BFH
? (; (; g (F] : CALLT table area
64 bytes
00080H
0007FH
Program
memory -+ Flash memory :
space 128 KB Vector table area
128 bytes
00000H 00000H \
Notes 1. Use of the area FFE20H - FFEDFH and FDFOOH - FE2FFH are prohibited when using the self-
programming function, since this area is used for self-programming library.
2. When boot swap is not used: Set the option bytes to 000COH - 000C3H, and the on-chip debug security IDs
to 000C4H - 000CDH.
When boot swap is used: Set the option bytes to 000COH - 000C3H and 010COH - 010C3H, and the
on-chip debug security IDs to 000C4H - 000CDH and 010C4H - 010CDH.
3. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security Setting).
<R> Remark Instructions can be executed from the RAM area excluding the general-purpose register area.
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Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers, see

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

007FFH

00400H
003FFH

00000H

Block 7FH

Block 01H

Block 00H

1 KB
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Correspondence between the address values and block numbers in the flash memory are shown below.

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

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
00000H - 003FFH 00H 08000H - 083FFH 20H 10000H - 103FFH 40H 18000H - 183FFH 60H
00400H - 007FFH 01H 08400H - 087FFH 21H 10400H - 107FFH 41H 18400H - 187FFH 61H
00800H - 00BFFH 02H 08800H - 08BFFH 22H 10800H - 10BFFH 42H 18800H - 18BFFH 62H

00COO0H - 00FFFH 03H 08COO0H - 08FFFH 23H 10COOH - 10FFFH 43H 18CO0H - 18FFFH 63H
01000H - 013FFH 04H 09000H - 093FFH 24H 11000H - 113FFH 44H 19000H - 193FFH 64H

01400H - 017FFH 05H 09400H - 097FFH 25H 11400H - 117FFH 45H 19400H - 197FFH 65H
01800H - 01BFFH 06H 09800H - 09BFFH 26H 11800H - 11BFFH 46H 19800H - 19BFFH 66H
01COOH - 01FFFH 07H 09COOH - 09FFFH 27H 11COOH - 11FFFH 47H 19CO0H - 19FFFH 67H
02000H - 023FFH 08H 0AOOOH - 0A3FFH 28H 12000H - 123FFH 48H 1A000H - 1A3FFH 68H
02400H - 027FFH 09H 0A400H - OA7FFH 29H 12400H - 127FFH 49H 1A400H - 1A7FFH 69H

02800H - 02BFFH 0AH 0A800H - 0ABFFH 2AH 12800H - 12BFFH 4AH 1A800H - 1ABFFH 6AH
02COO0H - 02FFFH 0BH O0ACOOH - OAFFFH 2BH 12CO00H - 12FFFH 4BH 1ACOOH - 1AFFFH 6BH
03000H - 033FFH OCH O0BOOOH - OB3FFH 2CH 13000H - 133FFH 4CH 1BOOOH - 1B3FFH 6CH
03400H - 037FFH ODH 0B400H - 0B7FFH 2DH 13400H - 137FFH 4DH 1B400H - 1B7FFH 6DH
03800H - 03BFFH OEH 0B80OH - 0BBFFH 2EH 13800H - 13BFFH 4EH 1B800H - 1BBFFH 6EH
03COO0H - 03FFFH OFH 0BCOOH - OBFFFH 2FH 13CO0H - 13FFFH 4FH 1BCOOH - 1BFFFH 6FH

04000H - 043FFH 10H 0CO00H - 0C3FFH 30H 14000H - 143FFH 50H 1CO00H - 1C3FFH 70H
04400H - 047FFH 11H 0C400H - 0OC7FFH 31H 14400H - 147FFH 51H 1C400H - 1C7FFH 71H
04800H - 04BFFH 12H 0C800H - OCBFFH 32H 14800H - 14BFFH 52H 1C800H - 1CBFFH 72H
04COO0H - 04FFFH 13H 0CCOOH - 0CFFFH 33H 14COO0H - 14FFFH 53H 1CCOO0H - 1CFFFH | 73H
05000H - 053FFH 14H 0DOOOH - OD3FFH 34H 15000H - 153FFH 54H 1DO00OH - 1D3FFH 74H
05400H - 057FFH 15H 0D400H - OD7FFH 35H 15400H - 157FFH 55H 1D400H - 1D7FFH 75H
05800H - 05BFFH 16H 0D800H - ODBFFH 36H 15800H - 15BFFH 56H 1D800H - 1DBFFH 76H
05CO0H - 05FFFH 17H ODCOOH - ODFFFH 37H 15C00H - 15FFFH 57H 1DCOOH - 1DFFFH | 77H
06000H - 063FFH 18H OEOOOH - OE3FFH 38H 16000H - 163FFH 58H 1EOO0OH - 1E3FFH 78H
06400H - 067FFH 19H OE400H - OE7FFH 39H 16400H - 167FFH 59H 1E400H - 1E7FFH 79H
06800H - 06BFFH 1AH OE800H - OEBFFH 3AH 16800H - 16BFFH 5AH 1E800H - 1EBFFH 7AH

06COOH - 06FFFH | 1BH OECOOH - OEFFFH | 3BH 16COOH - 16FFFH | 5BH  |[1ECOOH - 1EFFFH | 7BH
07000H - 073FFH | 1CH  |OF000H - OF3FFH | 3CH 17000H - 173FFH | 5CH  |1FO00H - 1F3FFH | 7CH
07400H-077FFH | 1DH  |OF400H - OF7FFH | 3DH 17400H - 177FFH | 5DH  |1F400H - 1F7FFH | 7DH
07800H - 07BFFH | 1EH OF800H - OFBFFH | 3EH 17800H - 17BFFH | 5EH  |1F800H - 1FBFFH | 7EH
07CO0H - 07FFFH | 1FH OFCOOH - OFFFFH | 3FH 17COOH - 17FFFH | 5FH  |1FCOOH - 1FFFFH | 7FH

Remark £PD78F1022: Block numbers 0O0H - 3FH
uPD78F1023, 78F1025: Block numbers 00H - 5FH
uPD78F1024, 78F1026: Block numbers 00H - 7FH
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3.1.1 Internal program memory space

The internal program memory space stores the program and table data.
78K0R/KC3-L, KE3-L products incorporate internal ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
©PD78F1022 Flash memory 65536 x 8 bits (00000H - OFFFFH)
uPD78F1023, 78F1025 98304 x 8 bits (00000H - 17FFFH)
1PD78F1024, 78F1026 131072 x 8 bits (00000H - 1FFFFH)

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

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

RO1UHO019EJ0201 Rev.2.01 57
Sep 22, 2011 RENESAS
[ |



78KOR/KC3-L, 78 KOR/KE3-L CHAPTER 3 CPU ARCHITECTURE

Table 3-3. Vector Table

Vector Table Interrupt Source Vector Table Address Interrupt Source
Address
00000H ‘RESETInput, POC, LVI, 0002EH INTTMO
WDT, TRAP 00030H INTTMO2
00002H INTDBG 00032H INTTMO3
00004H INTWDTI 00034H INTAD
00006H INTLVI 00036H INTRTC
00008H INTPO 00038H INTRTCI
0000AH INTP1 0003AH INTKR
0000CH INTP2 0003CH INTST2/INTCSI20/INTIIC20™"
00010H INTP4 0003EH INTP6
00012H INTP5 00042H INTTMO4
00014H INTST3 00044H INTTMO5
00016H INTSR3 00046H INTTMO6
00018H INTSRE3 00048H INTTMO7
0001AH INTDMAO 0004AH INTSR2"™*
0001CH INTDMA1 0004EH INTP8"™"*
0001EH INTSTO/INTCSI00 00050H INTP9™*®
00020H INTSRO 00052H INTP10™*°
00022H INTSREO 00054H INTP11"™°
00024H INTST1/INTCSIHO/INTIIC10 0005CH INTSRE2™"
00026H INTSR1 0005EH INTSUB
00028H INTSRE1 00060H INTRSUM
0002AH INTIICA 0007EH BRK
0002CH INTTMOO

Note  78KOR/KE3-L Only

(2) CALLT instruction table area
The 64-byte area 00080H - 000BFH can store the subroutine entry address of a 2-byte call instruction (CALLT). Set
the subroutine entry address to a value in a range of 00000H - OFFFFH (because an address code is of 2 bytes).
To use the boot swap function, set a CALLT instruction table also at 01080H - 010BFH.

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

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

The xPD78F1022 mirror the data flash area of 00000H - OFFFFH, FOOOOH - FFFFFH.

The pPD78F1023, 78F1024, 78F1025 and 78F1026 mirror the data flash area of 00000H - OFFFFH or 10000H -
1FFFFH or FOOOOH - FFFFFH (the data flash area to be mirrored is set by the processor mode control register (PMC)).

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

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

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

The following show examples.

Example 1 xPD78F1022 Example 2 4PD78F1024, 78F1026
(Flash memory: 64 KB, RAM: 6 KB) (Flash memory: 128 KB, RAM: 8 KB)
Setting MAA=0 Setting MAA =1
FFFFFH FFFFFH
Special function register (SFR) Special function register (SFR)
256 bytes 256 bytes
FFFOOH FFFOOH
FFEFFH General-purpose register FFEFFH General-purpose register
FEEEQH 32 bytes FFEEOH 32 bytes
FFEDFH FFEDFH
RAM
6 Kb RAM
FE700H 8Kb
FE6FFH
Flash memory FDFOOH
(Data same as 01000H-OEEFFH) FDEFFH Flash memory
(Data same as 11000H-1DEFFH)
F1000H F1000H
FOFFFH FOFFFH
Reserved Reserved
FO800H FO800H
FOTFFH FO7FFH
Special function register ( 2nd SFR) Special function register ( 2nd SFR)
2Kb 2Kb
FO000H o
EFFFFH
Mirror
Mirror
Reserved For eg 15432H is mirrored by
For eg 02345H is mirrored by F5432H, Hence read is possible
Reserved F2345H, Hence read is possible inMOV A, 15432H instead of
in MOV A, 12345H instead of MOV ES, #01H
MOV  ES, #00H MOV A, ES15432H
MOV A, ES:12345H
20000H
TFFFFH lash
FooH| ashmemony. |
1DEFFH
Flash memory
10000 11000H| ]
0OFFFFH T0FFFH
Flash memory
O0EFOOH| _ _ _ _ ___________]
OEEFFH Flash memory
Flash memory
01000H(L— |
00FFFH 00000H
00000H Flash memory
Remark MAA: Bit 0 of the processor mode control register (PMC)
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PMC register is described below.
e Processor mode control register (PMC)
This register sets the flash memory space for mirroring to area from FOO0OH - FFFFFH.
PMC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 3-4. Format of Processor Mode Control Register (PMC)

Address: FFFFEH After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
PMC | 0 | 0 | 0 | 0 | 0 | 0 | 0 | MAA |
MAA Selection of flash memory space for mirroring to area from FOO00H — FFFFFH

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

Cautions 1. Set PMC register only once during the initial settings prior to operating the DMA controller.
Rewriting PMC register other than during the initial settings is prohibited.
2. After setting PMC register, wait for at least one instruction and access the mirror area.
3. When the 4PD78F1022 is used, be sure to set bit 0 (MAA) to 0 (default value).

3.1.3 Internal data memory space
78K0R/KC3-L, 78KOR/KE3-L products incorporate the following RAMs.

Table 3-4. Internal RAM Capacity

Part Number Internal RAM
*PD78F1022 6144x8 Bit(FE700H-FFEFFH)
* PD78F1023, 78F1024, 8192x8 Bit(FDFOOH-FFEFFH)
78F1025, 78F1026

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

The internal RAM is used as a stack memory.

Cautions 1. It is prohibited to use the general-purpose register (FFEEOH - FFEFFH) space for fetching
instructions or as a stack area.
2. While using the self-programming function, the area of FFE20H - FFEFFH cannot be used as a
stack memory. Furthermore, the areas of FDFOOH - FE2FFH also cannot be used as stack
memories with the 4 PD78F1023, 78F1024, 78F1025, 78F1026 respectively.
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3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH - FFFFFH (see Table
3-5in 3.2.4 Special function registers (SFRs)).

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

3.1.5 Extended special function register (2nd SFR: 2nd Special Function Register) area

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

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

Caution Do not access addresses to which the 2nd SFR is not assigned.
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3.1.6 Data memory addressing

Addressing refers to the method of specifying the address of the instruction to be executed next or the address of the

register or memory relevant to the execution of instructions.
Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
78KOR/KC3-L, KE3-L, based on operability and other considerations. For areas containing data memory in particular,
special addressing methods designed for the functions of special function registers (SFR) and general-purpose registers
are available for use. Figures 3-5 to 3-7 show correspondence between data memory and addressing.

Figure 3-5. Correspondence Between Data Memory and Addressing (uPD78F1022)

)
SFR addressing

FFFFFH
FFF20H Special function register (SFR)
FFF1FH 256 bytes
FFFOOH
FFEFFH[  General-purpose register
FFEEOH 32 bytes
FFEDFH
FFE20H RAMNete
FFETFH 6KB
FEFOOH
FEEFFH

L Mirror

T 53.75 KB
F1000H
FOFFFH

Reserved
FOBOOH
FO7FFH
Special function register (2nd SFR)
2 KB

FOOOOH
EFFFFH

- Reserved
10000H
OFFFFH

AL Flash memory

T 64 KB
00000H

Register addressing

Short direct
addressing

l

Direct addressing

Register indirect addressing

Based addressing

Based indexed addressing

Note While using the self-programming function, the area FFE20H to FFEDFH cannot be used as stack memory.
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Figure 3-6. Correspondence Between Data Memory and Addressing (#uPD78F1023, 78F1025)

FFFFFH i A
FFF20H Special function register (SFR) SFR addressing
FFF1FH 256 bytes T
FFFOOH
FFEFFH|  General-purpose register L ) Short direct
Register addressing :
FEEEOH 32 bytes \ addressing
FFEDFH
FFE20H RAMMNete
FFETFH 8 KB
FE700H
FE6FFH
L Mirror A
T 51.75KB T
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special function register (2nd SFR)
2 KB
Direct addressing
FOOOOH
EFFFFH Register indirect addressing
Based addressing
Based indexed addressing
-~ Reserved =
18000H
17FFFH
g Flash memory A
T 96 KB T
00000H 1

Note While using the self-programming function, the area FFE20H to FFEDFH and FDFOOH to FE2FFH cannot be
used as stack memory.
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Figure 3-7 Correspondence Between Data Memory and Addressing (uPD78F1024, 78F1026)

FFFFFH } ]
FFF20H [ __Specialfunctionregister (SFR) | SFRaddressing
FFF1FH 256 bytes
FFFOOH
FFEFFH General-purpose register L ;
52 bp t d Register addressing Short dlrect
FFEEOH ytes Y addressing
FFEDFH
FFE20H RAMMote
FFETFH 8 KB
FDFOOH
FDEFFH
L Mirror A
T 51.75 KB T
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special function register (2nd SFR)
2 KB . )
Direct addressing
FOOOOH
EFFFFH Register indirect addressing
Based addressing
Based indexed addressing
- Reserved ==
20000H
1TFFFFH
L Flash memory L
B 128 KB B
00000H y

Note While using the self-programming function, the area FFE20H to FFEDFH and FDFOOH to FE2FFH cannot be
used as stack memory.
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3.2 Processor Registers

The 78KOR/KC3-L, KE3-L products incorporate the following processor registers.

3.2.1 Control registers

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

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

(1)

()

Program counter (PC)

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

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

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

Figure 3-8. Format of Program Counter

19 0

PC

Program status word (PSW)

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

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

Reset signal generation sets PSW to 06H.

Figure 3-9. Format of Program Status Word

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

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

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

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

(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all other cases.
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(e) In-service priority flags (ISP1, ISP0)
This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt requests
specified lower than the value of ISPO and ISP1 by a priority specification flag register (PRnOL, PRnOH, PRn1L,
PRn1H, PRn2L, PRn2H) (see 15.3 (3)) cannot be acknowledged. Actual request acknowledgment is controlled
by the interrupt enable flag (IE).

Remark n=0,1

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

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

Figure 3-10. Format of Stack Pointer

15 0

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

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restored) from the
stack memory.
Each stack operation saves data as shown in Figure 3-11.

Cautions 1. Since reset signal generation makes the SP contents undefined, be sure to initialize the SP before
using the stack.
2. ltis prohibited to use the general-purpose register (FFEEOH - FFEFFH) space as a stack area.
3. While using the self-programming function, the area of FFE20H - FFEFFH cannot be used as a stack
memory. Furthermore, the areas of FDFOOH - FE2FFH also cannot be used as stack memories with
the uPD78F1023, 78F1024, 78F1025, 78F1026 respectively.
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Figure 3-11. Data to Be Saved to Stack Memory

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

3.2.2 General-purpose registers

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

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

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

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

Cautions 1. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
<R> 2. While using the self-programming function, the area FFE20H to FFEFFH cannot be used as stack
memory. Furthermore, the area of FDFOOH to FE2FFH also cannot be used with the #PD78F1023,
78F1024, 78F1025, and 78F1026, respectively.
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Figure 3-12. Configuration of General-Purpose Registers

(a) Function name

16-bit processing

8-bit processing

FFEFFH
H
Register bank 0 HL
L
FFEF8H
D
Register bank 1 DE
E
FFEFOH
B
Register bank 2 BC
C
FFEE8SH
A
Register bank 3 AX
X
FFEEOH
15 7
(b) Absolute name
16-bit processing 8-bit processing
FFEFFH
R7
Register bank 0 RP3
R6
FFEF8H
R5
Register bank 1 RP2
R4
FFEFOH
R3
Register bank 2 RP1
R2
FFEE8SH
R1
Register bank 3 RPO
RO
FFEEOH
15 7
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3.2.3 ES and CS registers

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

Figure 3-13. Configuration of ES and CS Registers

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

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

SFRs are allocated to the FFFOOH - FFFFFH area.

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

Each manipulation bit unit can be specified as follows.

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

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

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

Table 3-5 gives a list of the SFRs. 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 RA78KO0R, and is defined as
an sfr variable using the #pragma sfr directive in the CC78KOR. When using the RA78KO0R, ID78KOR-QB, and SM+
for 78KOR, symbols can be written as an instruction operand.
L] R/W
Indicates whether the corresponding SFR can be read or written.
R/W: Read/write enable
R: Read only
W: Write only
e Manipulable bit units
“” indicates the manipulable 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.

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

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

Address| Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After am 3
1Bt |8Bi 6Bt | Heset % B g
A~ A
FFFOOH | Port register 0 PO RW y J - OOH N \/
FFFO1H | Port register 1 P1 RW N v - 00H Vo
FFFO2H | Port register 2 P2 RW N v - 00H VoW
FFFO3H | Port register 3 P3 RW N v - 00H VoW
FFFO4H | Port register 4 P4 RW N N - 00H VoW
FFFOSH | Port register 5 P5 RW N v - 00H VoW
FFFOBH | Port register 6 P6 RW N N - 00H N v
FFFO7H | Port register 7 P7 RW N N - 00H v oW
FFFOBH | Port register 11 P11 RW N N - 00H - | A
FFFOCH | Port register 12 P12 RW v \ - Undefined | v
FFFODH | Port register 13 P13 RW N S - 00H - v
FFFOEH | Port register 14 P14 RW y J - OOH N \/
FFF10H | Serial data register 00 TXDO/ SDR00 R/W - N N 0000H VoW
SI000
FFF11H - - - VoY
FFF12H | Serial data register 01 RXDO SDRO1 R/W - \ v 0000H v v
FFF13H - - - v v
FFF14H | Serial data register 12 TXD3 SDR12 R/W - \/ v 0000H ol v
FFF15H - - - Vo
FFF16H | Serial data register 13 RXD3 SDR13 R/W - \ v 0000H ol v
FFF17H - - - Vo
FFF18H | Timer data register 00 TDROO R/W - - N 0000H VoW
FFF19H
FFF1AH | Timer data register 01 TDRO1 R/W - - N 0000H VoW
FFF1BH
FFF1EH [ 10 bit A/D Conversion Result Register | ADCR R - - N 0000H VoW
FFF1FH 8-bit A/D conversion result register | ADCRH - N - O0H \ N
FFF20H | Port mode register 0 PMO R/W v \ - FFH v v
FFF21H | Port mode register 1 PM1 R/W N N - FFH VoW
FFF22H | Port mode register 2 PM2 R/W V v - FFH Vo
FFF23H | Port mode register 3 PM3 R/W v \ - FFH v v
FFF24H | Port mode register 4 PM4 R/W N v - FFH VoW
FFF25H | Port mode register 5 PM5 R/W N V - FFH v v
FFF26H | Port mode register 6 PM6 R/W N N - FFH VoW
FFF27H | Port mode register 7 PM7 R/W N v - FFH VoW
FFF2BH | Port mode register 11 PM11 R/W v \ - FFH - v
FFF2CH | Port mode register 12 PM12 R/W N N - FFH VoW
FFF2EH | Port mode register 14 PM14 R/W \/ J - FFH v
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Table 3-5. SFR List (2/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After 9 M A
18t |8Bt 6Bt | Feset = g_ %
A A
FFF30H | A/D Conversion Mode Register ADM R/W v v - O0H VoW
FFF31H | Analog input channel specification register | ADS R/W v v - O0H NN I
FFF37H | Key return mode register KRM R/W \ v - O0H VoA
FFF38H | External interrupt rising edge enable register0 | EGPO R/W v v - O0H VoW
FFF39H | External interrupt falling edge enable register0 | EGNO R/W \ v - O0H VoW
FFF3AH [ External interrupt rising edge enable registeri | EGP1 R/W \ v - O00H - v
FFF3BH | External interrupt falling edge enable registert | EGNT1 R/W R v - O0H - | A
FFF3CH | Input switch control register ISC R/W \ v - O0H VoW
FFF3EH | Timer input select register 0 TISO R/W v v - O0H VoW
FFF44H | Serial data register 02 TXD1/SI010 |SDR02 | R/W - \ \ 0000H | ¥ | ¥
FFF45H - - - Vo[
FFF46H |Serial data register 03 RXD1 SDRO3 | R/W - N N 0000H | ¥ | ¥
FFF47H - - - N I
FFF48H [ Serial data register 10 TXD2/ SI020 [SDR10 R/W - v S 0000H - v
FFF49H - - - - v
FFF4AH | Serial data register 11 RXD2 SDR11 R/W - v \/ 0000H | - v
FFF4BH - - - - |V
FFF50H |IICA Shift register IICA R/W - N - ooH | vV |V
FFF51H |IICA Status register lics R N N - ooH | Vv | ¥
FFF52H |IICA Flag register IICF R/W N N - ooH | ¥V | ¥
FFF64H | Timer data register 02 TDRO2 R/W - - N 0000H | ¥ | ¥
FFF65H
FFF66H | Timer data register 03 TDRO3 R/W - - \ 0000H ol v
FFF67H
FFF68H | Timer data register 04 TDR04 R/W - - N 0000H | ¥ | ¥
FFF69H
FFF6AH | Timer data register 05 TDRO5 R/W - - N 0000H | ¥ | ¥
FFF6BH
FFF6CH | Timer data register 06 TDR06 R/W - - N 0000H | ¥ | ¥
FFF6DH
FFF6EH [ Timer data register 07 TDRO7 R/W - - \ 0000H ol v
FFF6FH
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Table 3-5. SFR List (3/5)

Address Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After ~ 3
Reset % %
1 Bit 8 Bit 16 Bit é %
e -
FFF90H Sub-count register RSUBC R - - N 0000H v v
FFFO1H v v
FFF92H Second count register SEC R/W - v - 00H J v
FFF93H Minute count register MIN RW| - N - 00H v v
FFF94H Hour count register HOUR RW| - N - 12H v v
FFF95H Week count register WEEK R/W - v - O00H v v
FFF96H Day count register DAY RW| - N - 01H v v
FFFO7H Month count register MONTH RW| - N - 01H v v
FFF98H Year count register YEAR R/W - v - O00H v v
FFF99H Watch error correction register SUBCUD R/W - v - 00H v v
FFF9AH Alarm minute register ALARMWM RW| - N - 00H v v
FFF9BH Alarm hour register ALARMWH RW| - N - 12H v v
FFF9CH Alarm week register ALARMWW RW| - N - 00H v v
FFFODH Real-time counter control register O RTCCO R/W \ v - O00H v v
FFFOEH Real-time counter control register 1 RTCCH RW|[ + v - O0H v v
FFFOFH Real-time counter control register 2 RTCC2 RW | v - 00H v v
FFFAOH Clock operation mode control register CMC R/W - v - O00H v v
FFFATH Clock operation status control register CsC RW|[ v - COH v v
FFFA2H Oscillation stable time counter function OSTC R v - 00H v v
register
FFFA3H Oscillation stable time selection register OSTS R/W - v - 07H v v
FFFA4H Clock control register CKC R/W v - 09H v v
FFFASH Clock output selection register CKS0 R/W v - O00H v v
FFFASH Reset control flag register RESF R - N - 00H™"' v v
FFFA9H Low-voltage detection register LVIM R/W N - 00H™"* v v
FFFAAH Low-voltage detection level select register |LVIS RW Y - OEH"™"* v v
FFFABH Watch dog timer enable register WDTE RW| - N - | 1a9A™ v v
Notes 1. The reset value of RESF varies depending on the reset source.
2. The reset value of LVIM varies depending on the reset source and the setting of the option byte.
3. The reset value of LVIS varies depending on the reset source.
4. The reset value of WDTE is determined by the setting of the option byte.
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Table 3-5. SFR List (4/5)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After ~ P~
1Bt  |8Bi 16Bit | Reset j°>; 3

[ —

FFFBOH DMA SFR Address register0 DSAO R/W - N - 00H NN
FFFB1H  |DMA SFR Address register1 DSA1 R/W - N - 00H VoW
FFFB2H DMA RAM Address registerOL DRAOL DRAO | R/W - v \ v Y
FFFB3H DMA RAM Address registerOH DRAOH R/W - N N VoY
FFFB4H  |DMA RAM Address register1L DRAIL  [DRA1 | R/W - N N 00H Y
FFFB5H DMA RAM Address registeriH DRATH R/W - N 00H VoY
FFFB6H DMA Byte count registerOL DBCOL DBCO | RW - N N 00H VoY
FFFB7H DMA Byte count registerOH DBCOH R/W - v O00H v v
FFFB8H DMA Byte count register1L DBCIL DBC1 | RW - N N 00H VoY
FFFBO9H | DMA Byte count registeriH DBC1H R/W - N 00H Y
FFFBAH DMA Mode control register0 DMCO R/W N v - 00H N
FFFBBH DMA Mode control register1 DMCH R/W \ v - 00H NN
FFFBCH DMA Operation control register0 DRCO R/W v v - 00H NN
FFFBDH DMA Operation control register1 DRC1 R/W \ v - 00H NN
FFFBEH Background event control register BECTL R/W \ v - 00H NN
FFFCOH - PFCMD™"® - _ _ - |Undefined| v |
FFFC2H - PFS™* - - - - 00H R
FFFC4H - FLPMC"™"*® - - - - 08H Y
FFFDOH Interrupt request flag register2L IF2L IF2 R/W N v \ 00H Y
FFFD1H Interrupt request flag register2H IF2H R/W \ v 00H NN
FFFD4H Interrupt mask flag register2L MK2L MK2 | RW V V v FFH VoW
FFFD5H Interrupt mask flag register2H MK2H R/W N N FFH VoY
FFFD8H Priority specification flag register02L PRO2L PRO2 | RW \ v \ FFH VoY
FFFDOH Priority specification flag register02H PRO2H R/W \ v FFH Y
FFFDCH Priority specification flag register12L PR12L PR12 | RW \ v \ FFH VoY
FFFDDH Priority specification flag register12H PR12H R/W J y FFH v v
FFFEOH Interrupt request flag registerOL IFOL IFO R/W N v \ 00H Y
FFFE1H Interrupt request flag registerOH IFOH R/W \ v 00H VoY
FFFE2H Interrupt request flag register1L IF1L IF1 R/W \/ y J 00H VoW
FFFE3H Interrupt request flag register1H IF1H R/W \ v 00H VoY
FFFE4H Interrupt mask flag registeroL MKOL MKO | RW N N N FFH VoY
FFFESH Interrupt mask flag registerOH MKOH R/W N v FFH Y
FFFE6H Interrupt mask flag register1L MK1L MK1 | RW N N N FFH VoY
FFFE7H Interrupt mask flag register1H MK1H R/W V V FFH Y
FFFESH Priority specification flag register0OL PROOL PROO | R/W \ v \ FFH Y
FFFE9H Priority specification flag registerOOH PROOH R/W \ v FFH v v

Note Do not directly operate this SFR, because it is to be used in the self programming library.
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Table 3-5. SFR List (5/5)

Address| Special Function Register (SFR) Name Symbol R/W [ Manipulable Bit Range After P~ ]
1Bt |8Bt |16Bi Reset % é
— —
FFFEAH | Priority specification flag register01L PROIL [PRO1 [RW | v v FFH v v
FFFEBH | Priority specification flag register01H PROTH RW | N FFH J J
FFFECH | Priority specification flag register10L PRIOL |PR10 |RW | N N FFH v v
FFFEDH | Priority specification flag register10H PR10H R/W S v FFH v v
FFFEEH | Priority specification flag register11L PR11L |PR11 |RW | y y FFH v v
FFFEFH | Priority specification flag register11H PR11H R/W S v FFH v v
FFFFOH | Multiplication/division data register A(L) MDAL/MULA R/W - - v 0000H J J
FFFF1H
FFFF2H | Multiplication/division data register A(H) MDAH/MULB R/W - - v 0000H v v
FFFF3H
FFFF4H |Multiplication/division data register B(H) MDBH/ RW| - - v 0000H | S
FFFF5H MULOH
FFFF6H |Multiplication/division data register B(L) MDBL/ RW| - - v 0000H | S
FFFF7H MULOL
FFFFEH | Processor mode control register PMC RW | v - 00H S S

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

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

Extended SFRs are allocated to the FOO0OOH - FO7FFH area. SFRs other than those in the SFR area (FFFOOH -
FFFFFH) are allocated to this area. An instruction that accesses the extended SFR area, however, is 1 byte longer than
an instruction that accesses the SFR area.

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

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

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

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

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

Symbol
Symbol indicating the address of an extended SFR. It is a reserved word in the RA78KOR, and is defined as a sfr
variable using the #pragma sfr directive in the CC78K0R. When using the RA78K0R, ID78K0R-QB, and SM+ for
78KO0R, symbols can be written as an instruction operand.
R/W
Indicates whether the corresponding extended SFR can be read or written.
R/W: Read/write enable
R: Read only
W:  Write only
Manipulable bit units
“J” indicates the manipulable bit unit (1, 8, or 16). “-*
After Reset
Indicates each register status upon reset signal generation.

indicates a bit unit for which manipulation is not possible.

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

Remark For SFRs in the SFR area, see 3.2.4 Special function registers (SFRs).

RO1UHO019EJ0201 Rev.2.01 76

Sep 22, 2011

RENESAS



78KOR/KC3-L, 78 KOR/KE3-L

CHAPTER 3 CPU ARCHITECTURE

Table 3-6. Extended SFR (2nd SFR) List (1/21)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After 3 3
1Bt 8Bt 6Bt | Reset |5 |5

-

F0017H | A/D port configuration register ADPC R/W - \ - 10H NN
FO030H | Pull-up resistor option register 0 PUO RW d \ - O0H N W
FO031H | Pull-up resistor option register 1 PU1 R/W S RN - O0H N[ A
FO033H | Pull-up resistor option register 3 PU3 RW N \ - O0H N oW
FO034H | Pull-up resistor option register 4 PU4 R/W S RN - O0H N A
F0035H | Pull-up resistor option register 5 PU5 R/W \ \ - O0H N A
FO037H | Pull-up resistor option register 7 PU7 R/W S \ - O0H NN
FO03BH | Pull-up resistor option register 11 PU11 R/W \/ \ - 00H - | A
FOO3CH | Pull-up resistor option register 12 PU12 R/W S \ - O0H NN
FOO3EH | Pull-up resistor option register 14 PU14 R/W \ \ - 00H NN
FO040H | Port input mode register 0 PIMO R/W \/ J - OOH N Y
FO0041H | Port input mode register 1 PIM1 RW S \ - 00H NV
FOO4EH | Port input mode register 14 PIM14 R/W \ \ - 00H - | A
FOO50H [ Port output mode register 0 POMO R/W \/ J - OOH Y
FO051H [ Port output mode register 1 POMH R/W J N - O0H N R
FOOSEH | Port output mode register 14 POM14 R/W \ \ - 00H - | A
F0060H | Noise filter enable register 0 NFENO R/W \ v - 00H NN
F0061H | Noise filter enable register 1 NFEN{1 R/W \ \ - 00H NN
FOOEOH | Multiplication/division data register C (L) MDCL - - N 0000H NN
FOOE2H |Multiplication/division data register C (H) MDCH - - v 0000H NN
FOOE8H |Multiplication/division control register MDUC R/W S \ - O0H NN
FOOFOH | Peripheral enable register 0 PERO R/W \ \ - O0H N[ A
FOOF3H |Operation speed mode control register osMC R/W - \ - O0H NN
FOOF4H [Regulator mode control register RMC R/W - N - O0H N
FOOF6H |20 MHz internal high-speed oscillation control register [ DSCCTL RW N \ - 00H Y
FOOFEH |BCD adjust result register BCDADJ - v - O0H N A
FO100H | Serial status register 00 SSROOL | SSR00 - \ v 0000H Y
FO101H - - - Vol
<R>|Fo102H | Serial status register 01 SSRO1L |SSRo1| R - J N 0000H Y
<R>]Fo103H - - N
FO104H | Serial status register 02 SSR02L [SSR02| R - \ v 0000H Y
FO105H - - - Y
FO106H | Serial status register 03 SSRO3L |SSR03| R - J V 0000H N Y
FO107H - - - Y
FO108H | Serial flag clear trigger register 00 SIROOL  [SIR00 | R/W - \ v 0000H N A
FO109H - - - Y
<R>| FO10AH | Serial flag clear trigger register 01 SIRO1L [SIRO1| RW - v v 0000H N A
<R>{ Fo10BH - - - N Y
FO10CH | Serial flag clear trigger register 02 SIR02L [SIR02 | R/W - N V 0000H N Y
FO10DH - - - VoY
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Table 3-6. Extended SFR (2nd SFR) List (2/21)

Address Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After é 3 A b~
Reset g :% g :%
1 Bit 8 Bit 16 Bit = =
FO10EH Serial flag clear trigger register 03 SIRO3L |SIR03 |RW| - \ N 0000H \ \
FO10FH - - - v v
FO110H Serial mode register 00 SMRO00 RW| - - N 0020H \ \
FO111H
<R Fo112H Serial mode register 01 SMRO1 RW| - - v 0020H \ Y
FO113H
FO114H Serial mode register 02 SMRO02 RW| - - v 0020H \ R
FO115H
FO116H Serial mode register 03 SMR03 RW| - - N 0020H \ \
FO117H
FO118H Serial communication operation  setting | SCROO RW| - - N 0087H \ \
FO119H register 00
<R>|FO11AH Serial communication operation  setting | SCRO1 RW| - - y 0087H J \/
FO11BH register 01
FO11CH Serial communication operation  setting | SCR02 RW| - - v 0087H v v
FO11DH register 02
FO11EH Serial communication operation  setting | SCRO3 RW| - - v 0087H \ \
FO11FH register 03
FO120H Serial channel enable status register 0 SEOL |SEO R d \ N 0000H \ v
FO121H - - - \ \
Fo122H Serial channel start register 0 SSoL |SS0  |RW| W \ v 0000H \ \
FO123H - - - J J
FO124H Serial channel stop register 0 STOL [STO RW| \ N 0000H \ \
FO125H - - - J J
FO126H Serial clock select register 0 SPSOL [SPso [RW| - \ N 0000H \ \
FO127H - - - v v
FO128H Serial output register 0 S00 RW| - - N OFOFH \ \
FO129H \
FO12AH Serial output enable register 0 SOEOL [SOEO0 [RW | \ N 0000H \ \
FO12BH - - - J J
FO134H Serial output level register 0 SOLOL |SOoLo |RW| - v v 0000H < \
FO135H - - - J J
<R>|Fo140H Serial status register 10 SSR10L |SSR10| R - J \/ 0000H | - J
<R>|F0141H - - - - R
FO142H Serial status register 11 SSR11L [SSR11| R - \ N 0000H - \
FO143H - - - - R
FO144H Serial status register 12 SSR12L [SSR12| R - Y N 0000H \ \
FO145H - - - J J
FO146H Serial status register 13 SSR13L [SSR13 | R - v v 0000H < \
FO147H - - - J J
FO148H Serial flag clear trigger register 10 SIR10L |SIR10 |RW| - \ N 0000H - \
FO149H - - - - R
FO14AH Serial flag clear trigger register 11 SIR11L |SIR11 [R/W - \ N 0000H - \
FO14BH - - - - \
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Table 3-6. Extended SFR (2™ SFR) List (3/21)

Address Special Function Register (SFR) Symbol R/W Manipulable Bit Range After Reset cx) 3 Ix &
Name ® 3 m 3
— E — I
1 Bit 8 Bit 16 Bit
FO14CH Serial flag clear trigger register 12 | SIR12L |SIR1 R/W - \ v 0000H J \/
FO14DH - 2 - - J 3
FO14EH Serial flag clear trigger register 13 | SIR13L |SIR1 R/W - J \ 0000H J V
FO14FH - 3 - - J v
FO150H Serial mode register 10 SMR10 R/W - - \ 0020H - y
FO151H -
FO152H Serial mode register 11 SMR11 R/W - - v 0020H - N
FO153H
FO154H Serial mode register 12 SMR12 RW - - v 0020H J v
FO155H -
FO156H Serial mode register 13 SMR13 RW - - \ 0020H J y
FO157H
FO158H Serial communication operation | SCR10 R/W - - y 0087H - v
FO159H setting register 10 _
FO15AH Serial communication operation [ SCR11 R/W - - v 0087H - v
FO15BH setting register 11
FO15CH Serial communication operation  [SCR12 R/W - - v 0087H S v
FO15DH setting register 12 -
FO15EH Serial communication operation | SCR13 RW - - \ 0087H J y
FO15FH setting register 13
FO160H Serial channel enable status SE1L SE1 R J v v 0000H v v
Fo161H register 1 - - -
FO162H Serial channel start register 1 SS1L SS1 R/W \ \ y 0000H J \/
FO163H - - -
FO164H Serial channel stop register 1 ST1L ST1 R/W V \ Y 0000H S v
FO165H - - -
FO166H Serial clock select register 1 SPS1L  [SPS1 R/W - J y 0000H J y
FO167H - - -
FO168H Serial output register 1 SO1 RW - - v OFOFH J N
FO169H
FO16AH Serial output enable register 1 SOE1L  |SOE1 R/W \ \ y 0000H J \/
FO16BH - - -
FO174H Serial output level register 1 SOL1L  [sOL1 R/W - \ Y 0000H S v
FO175H - - -
FO180H Timer counter register 00 TCROO R - - \ FFFFH J y
FO181H
FO182H Timer counter register 01 TCRO1 R - - v FFFFH J N
FO183H
FO184H Timer counter register 02 TCRO02 R - - v FFFFH J v
FO185H
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Table 3-6. Extended SFR (2nd SFR) List (4/21)

Address Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After § § E §
Reset ~ 5 - 5

1Bt  |8Bit 16 Bit

FO186H | Timer counter register 03 TCRO3 R - - v FFFFH \ N

FO187H

FO188H |Timer counter register 04 TCR04 R - - y FFFFH y J

FO189H

FO18AH | Timer counter register 05 TCRO5 R - - y FFFFH y y

FO18BH

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

FO18DH

FO18EH | Timer counter register 07 TCRO07 R - - v FFFFH 3 3

FO18FH

FO190H | Timer mode register 00 TMRO0O RW| - - y 0000H y J

FO191H

FO192H | Timer mode register 01 TMROT1 RW| - - y 0000H y y

FO193H

FO194H | Timer mode register 02 TMRO02 RW| - - v 0000H \ N

FO195H

FO196H | Timer mode register 03 TMRO3 RW| - - \ 0000H 3 3

FO197H

FO198H | Timer mode register 04 TMRO04 RW| - - y 0000H y J

FO199H

FO19AH | Timer mode register 05 TMRO5 RW| - - y 0000H y y

FO19BH

FO19CH | Timer mode register 06 TMRO06 RW| - - v 0000H \ N

FO19DH

FO19EH | Timer mode register 07 TMRO7 RW| - - v 0000H 3 3

FO19FH

FO1AOH | Timer status register 00 TSROOL [TSR00| R - J v 0000H y J

FO1A1H - - -

FO1A2H | Timer status register 01 TSRO1L [TSRO1| R - J v 0000H y y

FO1A3H - - -

FO1A4H | Timer status register 02 TSRO2L [TSR02| R - N v 0000H y N

FO1A5H - - -

FO1A6H | Timer status register 03 TSRO3L [TSR03| R - \ \ 0000H 3 3

FO1A7H - - -

FO1A8H | Timer status register 04 TSRO4L [TSR04| R - J v 0000H y J

FO1A9H - - -

FO1AAH | Timer status register 05 TSRO5L [TSR0O5| R - J v 0000H y y

FO1ABH - - -

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

FO1ADH - - -
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CHAPTER 3 CPU ARCHITECTURE

Table 3-6. Extended SFR (2nd SFR) List (5/21)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset| 1 | 3

1-bit | 8-bit | 16-bit 3|3

22

- —

FO1AEH | Timer status register 07 TSRO7L [TSR07 R - \ \ 0000H | v |
FO1AFH - - - VAN
FO1BOH | Timer channel enable status register 0 TEOL |TEO R N N N 0000H | v |
FO1B1H - - - VN
FO1B2H | Timer channel start register 0 TSOL | TSO R/W ~ ~ ~ 0000H Nl A
FO1B3H - - - v |
FO1B4H | Timer channel stop register O TTOL |TTO R/W ~ ~ ~ 0000H NN
FO1B5H - - - v | W
FO1B6H | Timer clock select register 0 TPSOL | TPSO R/W - ~ ~ 0000H NN
Fo1B7H - - - v | W
FO1B8H | Timer output register O TOOL | TOO R/W - ~ ~ 0000H NN
FO1B9H - - - NN
FO1BAH | Timer output enable register 0 TOEOL | TOEO | RW ~ ~ ~ 0000H NN
FO1BBH - - - NN
FO1BCH | Timer output level register 0 TOLOL | TOLO R/W - ~ ~ 0000H Nl A
FO1BDH - - - NN
FO1BEH | Timer output mode register 0 TOMOL | TOMO | R/W - ~ ~ 0000H Nl A
FO1BFH - - - v | A
FO0230H | lICA control register 0 IICCTLO R/W ~ ~ - 00H NN
F0231H | IICA control register 1 IICCTL1 R/W ~ ~ - 00H NN
F0232H | IICA low-level width setting register IICWL R/W - ~ - FFH NN
F0233H | IICA high-level width setting register IICWH R/W - ~ - FFH N A
F0234H | Slave address register SVA R/W - ~ - 00H NN

Remark For SFRs in the SFR area, see Table 3-5 SFR List.
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CHAPTER 3 CPU ARCHITECTURE

Table 3-6 Extended SFR (2nd SFR) List (6/21)

Address Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset é 3 é )
1Bt  |8Bi 16 Bit ® % p %
FO540H UF0 EPONAK Register UFOEON RW| - y - O0H y J
FO541H UF0 EPONAKALL Register UFOEONA RW| - v - 00H v \
F0542H UF0 EPNAK Register UFOEN RW| - v - 00H v \
F0543H UF0 EPNAK Mask Register UFOENM RW| - y - 00H y J
F0544H UFO0 SNDSIE Register UFOSDS RW| - v - 00H v \
F0545H UFO CLR Request Register UFOCLR R - v - O0H # d
FO546H UFO SET Request Register UFOSET R - v - O0H N S
F0547H UFO EP Status 0 Register UFOEPSO R - \ - O0H N \
F0548H UFO EP Status 1 Register UFOEPS1 R - v - O0H # d
FO549H UFO0 EP Status 2 Register UFOEPS2 R - v - 00H v \
FO550H UFO INT Status 0 Register UF0IS0 R - \ - O0H N \
FO551H UFO INT Status 1 Register UFOIS1 R - v - 00H N S
F0552H UFO INT Status 2 Register UFoIS2 R - v - 00H v \
F0553H UFO INT Status 3 Register UF0IS3 R - v - O0H # d
FO554H UFO INT Status 4 Register UF0IS4 R - v - 00H N S
FO557H UFO INT Mask 0 Register UFO0IMO RW| - \ - O0H N \
F0558H UFO INT Mask 1 Register UFOIM1 RW| - v - O0H # d
FO559H UFO INT Mask 2 Register UFOIM2 RW| - v - 00H v \
FO55AH UFO INT Mask 3 Register UFO0IM3 RW| - \ - O0H N \
FO55BH UFO INT Mask 4 Register UFOIM4 RW| - v - 00H N S
FO55EH UFO INT Clear 0 Register UFoICO w - v - FFH v \
FO55FH UFO INT Clear 1 Register UFOICH w - v - FFH # d
FO560H UFO INT Clear 2 Register UFoIC2 w - v - FFH N S
F0561H UFO INT Clear 3 Register UFoIC3 w - \ - FFH N \
F0562H UFO INT Clear 4 Register UFoIC4 w - v - FFH # d
FO570H UFO FIFO Clear 0 Register UFOFICO w - v - 00H v \
FO571H UFO FIFO Clear 1 Register UFOFICH w - \ - O0H N \
FO575H UFO Data End Register UFODEND RW| - v - 00H N S
FO577H UFO0 GPR Register UFOGPR RW| - v - 00H v \
FO57AH UFO0 Mode Control Register UFOMODC RW| - v - O0H # d
FO57CH UFO0 Mode Status Register UFOMODS R - v - 00H N S
FO580H UFO0 EPO Lead Register UFOEOR R - \ — | Undefined N \
FO581H UF0 EPO Length Register UFOEOL R - v - O0H # d
F0582H UF0 EPO Set up Register UFOEOST R - v - O0H N S
F0583H UFO EPO Light Register UFOEOW w - \ - O0H N \
F0584H UFO0 Bulk Out 1 Register UFOBO1 R - v - | Undefined N S
FO585H UFO0 Bulk Out 1 Length Register UFOBO1L R - v - 00H v \
FO586H UFO0 Bulk Out 2 Register UFOBO2 R - v - | Undefined # d
F0587H UFO0 Bulk Out 2 Length Register UFOBO2L R - v - 00H N S
F0588H UF0 Bulk In 1 Register UFOBI1 w - \ - O0H N \
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CHAPTER 3 CPU ARCHITECTURE

Table 3-6 Extended SFR (2nd SFR) List (8/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset é ) é 3
1Bt  |8Bi 16 Bit ® % i %
FO589H |UFO Bulk In 2 Register UFOBI2 w - v - 00H \ \
FO58AH |UFO Interrupt 1 Register UFOINTH w - v - 00H R v
F058BH |UFO Interrupt 2 Register UFOINT2 w - v - 00H R \
FO59CH | PLLControl Register PLLC RW|[ v - O1H \ \
FO59DH | USB Clock Control Register UCKC RW | v - 00H R R
FO59EH |Buffer Control Register UFOBC RW| - v - O0H \ \
FO5A2H |Device Status Register L UFODSTL RW| - v - 00H \ \
FO5A6H | EPO Status Register L UFOEOSL RW| - \ - O0H v \
FO5A8H |EP1 Status Register L UFOE1SL RW| - v - O0H \ \
FO5AAH | EP2 Status Register L UFOE2SL RW | - v - 00H R R
FOSACH | EP3 Status Register L UFOE3SL RW| - \ - O0H v \
FOSAEH | EP4 Status Register L UFOE4SL RW| - v - 00H \ \
FO5B4H |EP7 Status Register L UFOE7SL RW | - v - 00H R R
FO5B6H | EP8 Status Register L UFOE8SL RW| - v - O0H \ \
FO5COH | Address Register UFOADRS R - v - 00H \ \
FO5C1H | Configuration Register UFOCNF R - \ - O0H v \
FO5C2H | Interface 0 Register UFOIFO R - v - O0H \ \
FO5C3H | Interface 1 Register UFOIF1 R - v - 00H R R
FO5C4H | Interface 2 Register UFOIF2 R - \ - O0H v \
FO5C5H | Interface 3 Register UFOIF3 R - v - 00H \ \
FO5C6H | Interface 4 Register UFOIF4 R - v - 00H R R
FO5DOH | Descriptor Length Register UFODSCL RW| - v - O0H \ \
FO5D1H | Device Descriptor Register 0 UFODDO RW| - v — | Undefined \ \
FO5D2H | Device Descriptor Register 1 UFODD1 RW | - v — | Undefined R \
FO5D3H | Device Descriptor Register 2 UFODD2 RW| - v - | Undefined | < \
FO5D4H | Device Descriptor Register 3 UFODD3 RW| - v - | Undefined | + R
FO5D5H | Device Descriptor Register 4 UFODD4 RW | - v — | Undefined R \
FO5D6H | Device Descriptor Register 5 UFODD5 RW| - v — | Undefined \ \
FO5D7H | Device Descriptor Register 6 UFODD6 RW| - v - | Undefined | + R
FO5D8H | Device Descriptor Register 7 UFODD7 RW| - v - | Undefined | < \
FO5D9H | Device Descriptor Register 8 UFODD8 RW| - v — | Undefined \ \
FO5DAH | Device Descriptor Register 9 UFODD9 RW | - \ — | Undefined v \
FO5DBH | Device Descriptor Register 10 UFODD10 RW| - v - | Undefined | < \
FO5DCH | Device Descriptor Register 11 UFODD11 RW| - y - | Undefined | \/
FO5DDH | Device Descriptor Register 12 UFODD12 RW | - v — | Undefined R \
FO5DEH | Device Descriptor Register 13 UFODD13 RW | - v — | Undefined \ \
FO5DFH | Device Descriptor Register 14 UFODD14 RW| - y - | Undefined | \/
FOSEOH | Device Descriptor Register 15 UFODD15 RW| - v - | Undefined | < \
FOSE1H | Device Descriptor Register 16 UFODD16 RW| - v — | Undefined \ \
FOSE2H | Device Descriptor Register 17 UFODD17 RW | - v — | Undefined \ \
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CHAPTER 3 CPU ARCHITECTURE

Table 3-6 Extended SFR (2nd SFR) List (8/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset é ) é 3
1Bt  |8Bi 16 Bit ® g i %

FO5E3H | Configuration/ Interface / UFOCIEO R/W - v - Undefined
End Point Descriptor Register 0

FO5E4H | Configuration/ Interface / UFOCIE1 R/W - v - Undefined
End Point Descriptor Register 1

FOSE5H | Configuration/ Interface / UFOCIE2 RW | - v — | Undefined
End Point Descriptor Register 2

FO5E6H | Configuration/ Interface / UFOCIE3 R/W - v - Undefined
End Point Descriptor Register 3

FOSE7H | Configuration/ Interface / UFOCIE4 R/W - v - Undefined
End Point Descriptor Register 4

FOSE8H | Configuration/ Interface / UFOCIE5 R/W - v - Undefined
End Point Descriptor Register 5

FO5E9H | Configuration/ Interface / UFOCIE6 R/W - v - Undefined
End Point Descriptor Register 6

FOSEAH | Configuration/ Interface / UFOCIE7 R/W - v - Undefined
End Point Descriptor Register 7

FOSEBH | Configuration/ Interface / UFOCIE8 R/W - v - Undefined
End Point Descriptor Register 8

FOSECH | Configuration/ Interface / UFOCIE9 R/W - v - Undefined
End Point Descriptor Register 9

FOSEDH | Configuration/ Interface / UFOCIE10 R/W - \ - Undefined
End Point Descriptor Register 10

FOSEEH | Configuration/ Interface / UFOCIE11 R/W - \ - Undefined
End Point Descriptor Register 11

FOSEFH | Configuration/ Interface / UFOCIE12 R/W - v - Undefined
End Point Descriptor Register 12

FO5FOH | Configuration/ Interface / UFOCIE13 R/W - v - Undefined
End Point Descriptor Register 13

FO5F1H | Configuration/ Interface / UFOCIE14 R/W - v - Undefined
End Point Descriptor Register 14

FO5F2H | Configuration/ Interface / UFOCIE15 R/W - v - Undefined
End Point Descriptor Register 15

FO5F3H | Configuration/ Interface / UFOCIE16 R/W - v - Undefined
End Point Descriptor Register 16

FO5F4H | Configuration/ Interface / UFOCIE17 R/W - v - Undefined
End Point Descriptor Register 17

FO5F5H | Configuration/ Interface / UFOCIE18 R/W - \ - Undefined
End Point Descriptor Register 18

FO5F6H | Configuration/ Interface / UFOCIE19 R/W - \ - Undefined
End Point Descriptor Register 19
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CHAPTER 3 CPU ARCHITECTURE

Table 3-6 Extended SFR (2nd SFR) List (9/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset é ) é 3
1Bt  |8Bi 16 Bit ® g i %

FO5F7H | Configuration/ Interface / UFOCIE20 R/W - v - Undefined
End Point Descriptor Register 20

FO5F8H | Configuration/ Interface / UFOCIE21 R/W - v - Undefined
End Point Descriptor Register 21

FO5F9H | Configuration/ Interface / UFOCIE22 RW | - v — | Undefined
End Point Descriptor Register 22

FO5FAH | Configuration/ Interface / UFOCIE23 R/W - v - Undefined
End Point Descriptor Register 23

FO5FBH | Configuration/ Interface / UFOCIE24 R/W - v - Undefined
End Point Descriptor Register 24

FO5FCH | Configuration/ Interface / UFOCIE25 R/W - v - Undefined
End Point Descriptor Register 25

FO5FDH | Configuration/ Interface / UFOCIE26 R/W - v - Undefined
End Point Descriptor Register 26

FOSFEH | Configuration/ Interface / UFOCIE27 R/W - v - Undefined
End Point Descriptor Register 27

FO5FFH | Configuration/ Interface / UFOCIE28 R/W - v - Undefined
End Point Descriptor Register 28

FOB00H | Configuration/ Interface / UFOCIE29 R/W - v - Undefined
End Point Descriptor Register 29

F0601H | Configuration/ Interface / UFOCIE30 R/W - \ - Undefined
End Point Descriptor Register 30

FO0B02H | Configuration/ Interface / UFOCIE31 RW | - \ — | Undefined
End Point Descriptor Register 31

FO603H | Configuration/ Interface / UFOCIE32 R/W - v - Undefined
End Point Descriptor Register 32

F0604H | Configuration/ Interface / UFOCIE33 R/W - v - Undefined
End Point Descriptor Register 33

F0B05H | Configuration/ Interface / UFOCIE34 R/W - v - Undefined
End Point Descriptor Register 34

F0606H | Configuration/ Interface / UFOCIE35 R/W - v - Undefined
End Point Descriptor Register 35

F0607H | Configuration/ Interface / UFOCIE36 R/W - v - Undefined
End Point Descriptor Register 36

F0608H | Configuration/ Interface / UFOCIE37 R/W - v - Undefined
End Point Descriptor Register 37

FOB09H | Configuration/ Interface / UFOCIE38 RW | - \ — | Undefined
End Point Descriptor Register 38

FOB0AH | Configuration/ Interface / UFOCIE39 R/W - \ - Undefined
End Point Descriptor Register 39
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CHAPTER 3 CPU ARCHITECTURE

Table 3-6 Extended SFR (2nd SFR) List (10/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset [ 3 )

1Bit 8 Bit 16 Bit é é

— —

FOB0BH | Configuration/ Interface / UFOCIE40 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 40

FOB60CH | Configuration/ Interface / UFOCIE41 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 41

FOB60DH | Configuration/ Interface / UFOCIE42 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 42

FOBOEH | Configuration/ Interface / UFOCIE43 RW | - \ — | Undefined | v |
End Point Descriptor Register 43

FOB0FH | Configuration/ Interface / UFOCIE44 RW| - v - Undefined | v v
End Point Descriptor Register 44

FO610H | Configuration/ Interface / UFOCIE45 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 45

FO611H | Configuration/ Interface / UFOCIE46 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 46

FO612H | Configuration/ Interface / UFOCIE47 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 47

FO613H | Configuration/ Interface / UFOCIE48 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 48

FO614H | Configuration/ Interface / UFOCIE49 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 49

FO615H | Configuration/ Interface / UFOCIE50 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 50

F0616H | Configuration/ Interface / UFOCIE51 RW | - v — | Undefined | v |
End Point Descriptor Register 51

FO617H | Configuration/ Interface / UFOCIE52 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 52

FO618H | Configuration/ Interface / UFOCIE53 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 53

FO619H | Configuration/ Interface / UFOCIE54 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 54

FO61AH | Configuration/ Interface / UFOCIE55 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 55

FO61BH | Configuration/ Interface / UFOCIE56 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 56

FO61CH | Configuration/ Interface / UFOCIE57 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 57

FO61DH | Configuration/ Interface / UFOCIE58 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 58

FO61EH | Configuration/ Interface / UFOCIE59 RW | - v — | Undefined | v |
End Point Descriptor Register 59
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CHAPTER 3 CPU ARCHITECTURE

Table 3-6 Extended SFR (2nd SFR) List (11/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset [ 3 )

1Bit 8 Bit 16 Bit é é

— —

FO61FH | Configuration/ Interface / UFOCIE60 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 60

FO620H | Configuration/ Interface / UFOCIE61 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 61

FO621H | Configuration/ Interface / UFOCIE62 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 62

F0622H | Configuration/ Interface / UFOCIE63 RW | - \ — | Undefined | v |
End Point Descriptor Register 63

F0623H | Configuration/ Interface / UFOCIE64 RW | - v — | Undefined | v |
End Point Descriptor Register 64

FO624H | Configuration/ Interface / UFOCIE65 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 65

FO625H | Configuration/ Interface / UFOCIE66 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 66

F0626H | Configuration/ Interface / UFOCIE67 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 67

F0627H | Configuration/ Interface / UFOCIE68 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 68

F0628H | Configuration/ Interface / UFOCIE69 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 69

FO629H | Configuration/ Interface / UFOCIE70 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 70

F062AH | Configuration/ Interface / UFOCIE71 RW | - v - | Undefined | ¥ | +
End Point Descriptor Register 71

F062BH | Configuration/ Interface / UFOCIE72 RW | - v - | Undefined | ¥ | +
End Point Descriptor Register 72

FO62CH | Configuration/ Interface / UFOCIE73 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 73

FO62DH | Configuration/ Interface / UFOCIE74 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 74

FO62EH | Configuration/ Interface / UFOCIE75 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 75

FO62FH | Configuration/ Interface / UFOCIE76 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 76

FO630H | Configuration/ Interface / UFOCIE77 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 77

FO631H | Configuration/ Interface / UFOCIE78 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 78

F0632H | Configuration/ Interface / UFOCIE79 RW | - v — | Undefined | v |
End Point Descriptor Register 79
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CHAPTER 3 CPU ARCHITECTURE

Table 3-6 Extended SFR (2nd SFR) List (12/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset é ) é )
1Bt  |8Bi 16 Bit ® g b %

F0633H | Configuration/ Interface / UFOCIE80 R/W - v - Undefined
End Point Descriptor Register 80

F0634H | Configuration/ Interface / UFOCIES81 R/W - v - Undefined
End Point Descriptor Register 81

F0635H | Configuration/ Interface / UFOCIE82 R/W - v - Undefined
End Point Descriptor Register 82

F0636H | Configuration/ Interface / UFOCIES3 RW | - v — | Undefined
End Point Descriptor Register 83

F0637H | Configuration/ Interface / UFOCIE84 R/W - v - Undefined
End Point Descriptor Register 84

F0638H | Configuration/ Interface / UFOCIE85 R/W - v - Undefined
End Point Descriptor Register 85

F0639H | Configuration/ Interface / UFOCIE86 R/W - v - Undefined
End Point Descriptor Register 86

FO63AH | Configuration/ Interface / UFOCIE87 R/W - v - Undefined
End Point Descriptor Register 87

F063BH | Configuration/ Interface / UFOCIE88 R/W - v - Undefined
End Point Descriptor Register 88

F063CH | Configuration/ Interface / UFOCIE89 R/W - v - Undefined
End Point Descriptor Register 89

F063DH | Configuration/ Interface / UFOCIE90 R/W - \ - Undefined
End Point Descriptor Register 90

FOB3EH | Configuration/ Interface / UFOCIE91 R/W - \ - Undefined
End Point Descriptor Register 91

FO63FH | Configuration/ Interface / UFOCIE92 R/W - v - Undefined
End Point Descriptor Register 92

F0640H | Configuration/ Interface / UFOCIE93 R/W - v - Undefined
End Point Descriptor Register 93

F0641H | Configuration/ Interface / UFOCIE94 R/W - v - Undefined
End Point Descriptor Register 94

F0642H | Configuration/ Interface / UFOCIE95 R/W - v - Undefined
End Point Descriptor Register 95

F0643H | Configuration/ Interface / UFOCIE96 R/W - v - Undefined
End Point Descriptor Register 96

F0644H | Configuration/ Interface / UFOCIE97 R/W - v - Undefined
End Point Descriptor Register 97

F0645H | Configuration/ Interface / UFOCIE98 R/W - \ - Undefined
End Point Descriptor Register 98

F0646H | Configuration/ Interface / UFOCIE99 R/W - \ - Undefined
End Point Descriptor Register 99
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CHAPTER 3 CPU ARCHITECTURE

Table 3-6 Extended SFR (2nd SFR) List (13/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset [ 3 )

1Bit 8 Bit 16 Bit é é

— —

F0647H | Configuration/ Interface / UFOCIE100 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 100

FO648H | Configuration/ Interface / UFOCIE101 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 101

FO649H | Configuration/ Interface / UFOCIE102 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 102

FOB4AH | Configuration/ Interface / UFOCIE103 RW | - \ — | Undefined | v |
End Point Descriptor Register 103

F064BH | Configuration/ Interface / UFOCIE104 RW | - v — | Undefined | v |
End Point Descriptor Register 104

FO64CH | Configuration/ Interface / UFOCIE105 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 105

FO64DH | Configuration/ Interface / UFOCIE106 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 106

FOB4EH | Configuration/ Interface / UFOCIE107 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 107

FO64FH | Configuration/ Interface / UFOCIE108 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 108

FO650H | Configuration/ Interface / UFOCIE109 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 109

FO651H | Configuration/ Interface / UFOCIE110 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 110

F0652H | Configuration/ Interface / UFOCIE111 RW| - v - Undefined | v v
End Point Descriptor Register 111

F0653H | Configuration/ Interface / UFOCIE112 RW| - v - Undefined | v v
End Point Descriptor Register 112

FO654H | Configuration/ Interface / UFOCIE113 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 113

FO655H | Configuration/ Interface / UFOCIE114 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 114

FO656H | Configuration/ Interface / UFOCIE115 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 115

FO657H | Configuration/ Interface / UFOCIE116 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 116

FO658H | Configuration/ Interface / UFOCIE117 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 117

FO659H | Configuration/ Interface / UFOCIE118 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 118

F085AH | Configuration/ Interface / UFOCIE119 RW| - v - Undefined | v v
End Point Descriptor Register 119
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Table 3-6 Extended SFR (2nd SFR) List (14/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset [ 3 )

1Bit 8 Bit 16 Bit é é

— —

FO65BH | Configuration/ Interface / UFOCIE120 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 120

FO65CH | Configuration/ Interface / UFOCIE121 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 121

FO65DH | Configuration/ Interface / UFOCIE122 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 122

FOB5EH | Configuration/ Interface / UFOCIE123 RW| - \ - Undefined | v v
End Point Descriptor Register 123

FO0B5FH | Configuration/ Interface / UFOCIE124 RW| - v - Undefined | v v
End Point Descriptor Register 124

FO660H | Configuration/ Interface / UFOCIE125 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 125

FO661H | Configuration/ Interface / UFOCIE126 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 126

FO662H | Configuration/ Interface / UFOCIE127 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 127

FO663H | Configuration/ Interface / UFOCIE128 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 128

FO664H | Configuration/ Interface / UFOCIE129 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 129

FO665H | Configuration/ Interface / UFOCIE130 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 130

F0666H | Configuration/ Interface / UFOCIE131 RW| - v - Undefined | v v
End Point Descriptor Register 131

F0667H | Configuration/ Interface / UFOCIE132 RW| - v - Undefined | v v
End Point Descriptor Register 132

FO668H | Configuration/ Interface / UFOCIE133 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 133

FO669H | Configuration/ Interface / UFOCIE134 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 134

FO66AH | Configuration/ Interface / UFOCIE135 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 135

FO66BH | Configuration/ Interface / UFOCIE136 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 136

FO66CH | Configuration/ Interface / UFOCIE137 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 137

FO66DH | Configuration/ Interface / UFOCIE138 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 138

FOB6EH | Configuration/ Interface / UFOCIE139 RW | - v — | Undefined | v |
End Point Descriptor Register 139
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Table 3-6 Extended SFR (2nd SFR) List (15/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset [ 3 )

1Bit 8 Bit 16 Bit % é

— —

FO66FH | Configuration/ Interface / UFOCIE140 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 140

FO670H | Configuration/ Interface / UFOCIE141 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 141

FO671H | Configuration/ Interface / UFOCIE142 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 142

FO672H | Configuration/ Interface / UFOCIE143 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 143

F0673H | Configuration/ Interface / UFOCIE144 RW| - v - Undefined | v v
End Point Descriptor Register 144

FO674H | Configuration/ Interface / UFOCIE145 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 145

FO675H | Configuration/ Interface / UFOCIE146 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 146

FO676H |Configuration/ Interface / UFOCIE147 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 147

F0677H | Configuration/ Interface / UFOCIE148 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 148

F0678H | Configuration/ Interface / UFOCIE149 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 149

F0679H | Configuration/ Interface / UFOCIE150 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 150

FO67AH | Configuration/ Interface / UFOCIE151 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 151

FO67BH | Configuration/ Interface / UFOCIE152 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 152

FO67CH | Configuration/ Interface / UFOCIE153 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 153

FO67DH | Configuration/ Interface / UFOCIE154 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 154

FO67EH | Configuration/ Interface / UFOCIE155 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 155

FO67FH | Configuration/ Interface / UFOCIE156 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 156

FO680H | Configuration/ Interface / UFOCIE157 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 157

FO681H | Configuration/ Interface / UFOCIE158 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 158

F0682H | Configuration/ Interface / UFOCIE159 RW | - v — | Undefined | v |
End Point Descriptor Register 159
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Table 3-6 Extended SFR (2nd SFR) List (16/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset [ 3 )

1Bit 8 Bit 16 Bit é é

— —

FO683H | Configuration/ Interface / UFOCIE160 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 160

FO684H | Configuration/ Interface / UFOCIE161 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 161

FO685H | Configuration/ Interface / UFOCIE162 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 162

F0686H | Configuration/ Interface / UFOCIE163 RW | - \ — | Undefined | v |
End Point Descriptor Register 163

F0687H | Configuration/ Interface / UFOCIE164 RW| - v - Undefined | v v
End Point Descriptor Register 164

FO688H | Configuration/ Interface / UFOCIE165 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 165

FO689H | Configuration/ Interface / UFOCIE166 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 166

FO68AH | Configuration/ Interface / UFOCIE167 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 167

FO68BH | Configuration/ Interface / UFOCIE168 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 168

FO68CH | Configuration/ Interface / UFOCIE169 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 169

FO68DH | Configuration/ Interface / UFOCIE170 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 170

FOBSEH | Configuration/ Interface / UFOCIE171 RW | - v - | Undefined | ¥ | +
End Point Descriptor Register 171

FOB68FH | Configuration/ Interface / UFOCIE172 RW | - v - | Undefined | ¥ | +
End Point Descriptor Register 172

FOB690H | Configuration/ Interface / UFOCIE173 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 173

FO691H |Configuration/ Interface / UFOCIE174 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 174

F0692H | Configuration/ Interface / UFOCIE175 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 175

FO693H | Configuration/ Interface / UFOCIE176 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 176

F0694H | Configuration/ Interface / UFOCIE177 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 177

FO695H | Configuration/ Interface / UFOCIE178 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 178

F0696H | Configuration/ Interface / UFOCIE179 RW| - v - Undefined | v v
End Point Descriptor Register 179
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Table 3-6 Extended SFR (2nd SFR) List (17/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset P §<'f 517%
1 Bit 8Bit 16 Bit g 5
4 A
F0697H | Configuration/ Interface / UFOCIE180 R/W - \ - Undefined
End Point Descriptor Register 180
F0698H | Configuration/ Interface / UFOCIE181 R/W - v - Undefined
End Point Descriptor Register 181
FO0699H | Configuration/ Interface / UFOCIE182 R/W - v - Undefined
End Point Descriptor Register 182
FOB9AH | Configuration/ Interface / UFOCIE183 R/W - v - Undefined
End Point Descriptor Register 183
FO069BH | Configuration/ Interface / UFOCIE184 R/W - v - Undefined
End Point Descriptor Register 184
FO069CH | Configuration/ Interface / UFOCIE185 R/W - v - Undefined
End Point Descriptor Register 185
FO0B9DH | Configuration/ Interface / UFOCIE186 R/W - v - Undefined
End Point Descriptor Register 186
FOB9EH | Configuration/ Interface / UFOCIE187 R/W - v - Undefined
End Point Descriptor Register 187
FO69FH | Configuration/ Interface / UFOCIE188 R/W - v - Undefined
End Point Descriptor Register 188
FOBAOH | Configuration/ Interface / UFOCIE189 R/W - v - Undefined
End Point Descriptor Register 189
FOBA1H | Configuration/ Interface / UFOCIE190 R/W - v - Undefined
End Point Descriptor Register 190
FO6A2H | Configuration/ Interface / UFOCIE191 R/W - v - Undefined
End Point Descriptor Register 191
FO6A3H | Configuration/ Interface / UFOCIE192 R/W - v - Undefined
End Point Descriptor Register 192
FO06A4H | Configuration/ Interface / UFOCIE193 R/W - v - Undefined
End Point Descriptor Register 193
FOBAS5H | Configuration/ Interface / UFOCIE194 R/W - v - Undefined
End Point Descriptor Register 194
FOBA6H | Configuration/ Interface / UFOCIE195 R/W - v - Undefined
End Point Descriptor Register 195
FOBA7H | Configuration/ Interface / UFOCIE196 R/W - v - Undefined
End Point Descriptor Register 196
FOBA8H | Configuration/ Interface / UFOCIE197 R/W - v - Undefined
End Point Descriptor Register 197
FOBA9H | Configuration/ Interface / UFOCIE198 R/W - v - Undefined
End Point Descriptor Register 198
FOBAAH | Configuration/ Interface / UFOCIE199 R/W - v - Undefined
End Point Descriptor Register 199
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Table 3-6 Extended SFR (2nd SFR) List (18/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset [ 3 )

1Bit 8 Bit 16 Bit é é

— —

FOBABH | Configuration/ Interface / UFOCIE200 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 200

FOBACH | Configuration/ Interface / UFOCIE201 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 201

FOBADH | Configuration/ Interface / UFOCIE202 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 202

FOBAEH | Configuration/ Interface / UFOCIE203 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 203

FOBAFH | Configuration/ Interface / UFOCIE204 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 204

FOB6BOH | Configuration/ Interface / UFOCIE205 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 205

FOB6B1H | Configuration/ Interface / UFOCIE206 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 206

FO6B2H | Configuration/ Interface / UFOCIE207 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 207

FO6B3H | Configuration/ Interface / UFOCIE208 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 208

FO6B4H | Configuration/ Interface / UFOCIE209 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 209

FO6B5H | Configuration/ Interface / UFOCIE210 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 210

F06B6H | Configuration/ Interface / UFOCIE211 RW | - v - | Undefined | ¥ | +
End Point Descriptor Register 211

F0B6B7H | Configuration/ Interface / UFOCIE212 RW | - v - | Undefined | ¥ | +
End Point Descriptor Register 212

FO6B8H | Configuration/ Interface / UFOCIE213 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 213

FOB6B9H | Configuration/ Interface / UFOCIE214 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 214

FO6BAH | Configuration/ Interface / UFOCIE215 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 215

FO6BBH | Configuration/ Interface / UFOCIE216 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 216

FO6BCH | Configuration/ Interface / UFOCIE217 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 217

FO6BDH | Configuration/ Interface / UFOCIE218 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 218

FOBBEH | Configuration/ Interface / UFOCIE219 RW| - v - | Undefined | ¥ | +
End Point Descriptor Register 219

RO1UHO019EJ0201 Rev.2.01
Sep 22, 2011

RENESAS

94



78KOR/KC3-L, 78 KOR/KE3-L

CHAPTER 3 CPU ARCHITECTURE

Table 3-6 Extended SFR (2nd SFR) List (19/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset é ) é )
1Bt  |8Bi 16 Bit ® % b %

FO6BFH | Configuration/ Interface / UFOCIE220 R/W - v - Undefined
End Point Descriptor Register 220

FOB6COH | Configuration/ Interface / UFOCIE221 R/W - v - Undefined
End Point Descriptor Register 221

FO06C1H | Configuration/ Interface / UFOCIE222 R/W - v - Undefined
End Point Descriptor Register 222

F06C2H | Configuration/ Interface / UFOCIE223 R/W - v - Undefined
End Point Descriptor Register 223

FO6C3H | Configuration/ Interface / UFOCIE224 R/W - v - Undefined
End Point Descriptor Register 224

FO06C4H | Configuration/ Interface / UFOCIE225 R/W - v - Undefined
End Point Descriptor Register 225

FO06C5H | Configuration/ Interface / UFOCIE226 R/W - v - Undefined
End Point Descriptor Register 226

FO06C6H | Configuration/ Interface / UFOCIE227 R/W - v - Undefined
End Point Descriptor Register 227

FO6C7H | Configuration/ Interface / UFOCIE228 R/W - v - Undefined
End Point Descriptor Register 228

FO06C8H | Configuration/ Interface / UFOCIE229 R/W - v - Undefined
End Point Descriptor Register 229

FOBC9H | Configuration/ Interface / UFOCIE230 R/W - v - Undefined
End Point Descriptor Register 230

FOB6CAH | Configuration/ Interface / UFOCIE231 R/W - v - Undefined
End Point Descriptor Register 231

FO6CBH | Configuration/ Interface / UFOCIE232 R/W - v - Undefined
End Point Descriptor Register 232

FOB6CCH | Configuration/ Interface / UFOCIE233 R/W - \ - Undefined
End Point Descriptor Register 233

FOB6CDH | Configuration/ Interface / UFOCIE234 R/W - \ - Undefined
End Point Descriptor Register 234

FOBCEH | Configuration/ Interface / UFOCIE235 R/W - v - Undefined
End Point Descriptor Register 235

FOBCFH | Configuration/ Interface / UFOCIE236 R/W - v - Undefined
End Point Descriptor Register 236

FO6DOH | Configuration/ Interface / UFOCIE237 R/W - v - Undefined
End Point Descriptor Register 237

F06D1H | Configuration/ Interface / UFOCIE238 R/W - v - Undefined
End Point Descriptor Register 238

F06D2H | Configuration/ Interface / UFOCIE239 R/W - v - Undefined
End Point Descriptor Register 239
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Table 3-6 Extended SFR (2nd SFR) List (20/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset [ 3 )

1Bit 8 Bit 16 Bit é é

— —

FO6D3H | Configuration/ Interface / UFOCIE240 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 240

FO6D4H | Configuration/ Interface / UFOCIE241 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 241

FO6D5H | Configuration/ Interface / UFOCIE242 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 242

FO6D6H | Configuration/ Interface / UFOCIE243 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 243

FO6D7H | Configuration/ Interface / UFOCIE244 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 244

FO6D8H | Configuration/ Interface / UFOCIE245 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 245

FO0BD9H | Configuration/ Interface / UFOCIE246 RW| - \ - Undefined | v v
End Point Descriptor Register 246

FOBDAH | Configuration/ Interface / UFOCIE247 RW | - v - | Undefined | ¥ |
End Point Descriptor Register 247

FOBDBH | Configuration/ Interface / UFOCIE248 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 248

FO6DCH | Configuration/ Interface / UFOCIE249 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 249

FO6DDH | Configuration/ Interface / UFOCIE250 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 250

FOBDEH | Configuration/ Interface / UFOCIE251 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 251

FO6DFH | Configuration/ Interface / UFOCIE252 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 252

FOBEOH | Configuration/ Interface / UFOCIE253 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 253

FOBE1H | Configuration/ Interface / UFOCIE254 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 254

FOBE2H | Configuration/ Interface / UFOCIE255 RW| - v - | Undefined | ¥ |
End Point Descriptor Register 255
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Table 3-6 Extended SFR (2nd SFR) List (21/21)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset| )

. . ) A P

1Bt |8Bit 16 Bit 5 5

P A

(@] m

w w

- |-

FOB6FOH | Active Interface Number Register UFOAIFN RW| - v - O0H v v

FOB6F1H |Active Alternative Setting Register UFOAAS RW| - v - 00H v v

FOB6F2H | Alternative Setting Status Register UFOASS R - v - 00H v v

FO6F3H | End Point1 Interface Mapping Register UFOE1IM RW| - v - 00H N v

FO6F4H | End Point2 Interface Mapping Register UFOE2IM RW| - y - O0H V y

FO6F5H [ End Point3 Interface Mapping Register UFOE3IM R/W - v - 00H N v

FO6F6H | End Point4 Interface Mapping Register UFOE4IM RW| - v - O0H N v

FO6F9H | End Point7 Interface Mapping Register UFOE7IM RW| - v - 00H v v

FO6FAH [ End Point8 Interface Mapping Register UFOES8IM R/W - v - 00H N v
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3.3 Instruction Address Addressing

3.3.1 Relative addressing

[Function]

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

Relative addressing is applied only to branch instructions.

Figure 3-14. Outline of Relative Addressing

PC

3.3.2 Immediate addressing

[Function]

OP code

o

DISPLACE 8/16 bits

Immediate addressing stores immediate data of the instruction word in the program counter, and specifies the
program address to be used as the branch destination.
For immediate addressing, CALL!!laddr20 or BR!'addr20 is used to specify 20-bit addresses and CALL!addr16 or

BR !addr16 is used to specify 16-bit addresses. 0000 is set to the higher 4 bits when specifying 16-bit addresses.

Figure 3-15. Example of CALL !'addr20/BR !!addr20

PC

OP code

Low Addr.

High Addr.

Seg Addr.

Figure 3-16. Example of CALL !'addr16/BR !addr16

PC

PCs

PCH

PCL

|

0000

OP code

Low Addr.

High Addr.
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3.3.3 Table indirect addressing

[Function]

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

instructions.

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

Figure 3-17. Outline of Table Indirect Addressing

OP code

Low Addr.
00000000 |10 0 [:
High Addr.
Table address
Memory
0000
PC PCs | PCu | PCL

3.3.4 Register direct addressing

[Function]

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

AX instructions.

Figure 3-18. Outline of Register Direct Addressing

OP code

CS

PC

PCs

PCH

PCL
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3.4 Addressing for Processing Data Addresses
3.4.1 Implied addressing

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

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

Figure 3-19. Outline of Implied Addressing

OP code A register

Memory

3.4.2 Register addressing

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

[Operand format]

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

Figure 3-20. Outline of Register Addressing

OP code Register

Memory
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3.4.3 Direct addressing

[Function]

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

address.

[Operand format]

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

Figure 3-21. Example of ADDR16

OP code

Low Addr.

High Addr.

—
|

Memory

Figure 3-22. Example of ES:ADDR16

OP code

Low Addr.

High Addr.

Memory

FFFFFH

FOOOOH

FFFFFH

00000H
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3.4.4 Short direct addressing

[Function]

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

[Operand format]

Identifier Description

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

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

Figure 3-23. Outline of Short Direct Addressing

OP code

________ FFF1FH
saddr saddr

FFE20H

Memory

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

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

[Operand format]

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

Figure 3-24. Outline of SFR Addressing

FFFFFH

OP code —,_, SFR ¢
srR 1  F------- FFFOOH

Memory
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3.4.6 Register indirect addressing

[Function]

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

[Operand format]

Identifier

Description

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

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

Figure 3-25. Example of [DE], [HL]

OP code I——l

.

Memory

Figure 3-26. Example of ES:[DE], ES:[HL]

FFFFFH

FOO00OH

OP code I—»l

{e] I

Memory

FFFFFH

00000H
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3.4.7 Based addressing

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

[Operand format]

Identifier Description

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

- word[B], word[C] (only the space from FOOO0H - FFFFFH is specifiable)

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

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

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

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

Figure 3-27. Example of [SP+byte]

FFFFFH

(D) s e

FOOOOH

OP code

byte

Memory
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Figure 3-28. Example of [HL + byte], [DE + byte]

rp (HL/DE) a Target memory

OP code

byte

Memory

Figure 3-29. Example of word[B], word[C]

r (B/C) e Target memory

OP code

Low Addr.

i

High Addr.

Memory

Figure 3-30. Example of word[BC]

rp (BC) e Target memory

OP code

Low Addr.  |——
High Addr. |———

Memory

FFFFFH

FOOOOH

FFFFFH

FOOOOH

FFFFFH

FOOOOH
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Figure 3-31. Example of ES:[HL + byte], ES:[DE + byte]

rp (HL/DE) Target memory

OP code

byte

Memory

FFFFFH

00000H

Figure 3-32. Example of ES:word[B], ES:word[C]

r (B/C) Target memory

OP code

Low Addr.

High Addr.

Memory

FFFFFH

00000H
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Figure 3-33. Example of ES:word[BC]

FFFFFH
rp (BC) Target memory
OP code
00000H
Low Addr.
Memory
High Addr.

3.4.8 Based indexed addressing

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

[Operand format]

Identifier Description

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

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

Figure 3-34. Example of [HL+B], [HL+C]

|:| FFFFFH
OP code

FOOOOH

Memory
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Figure 3-35. Example of ES:[HL+B], ES:[HL+C]

FFFFFH

| OP code |

rp (HL)

00000H

Memory

r (B/C)

3.4.9 Stack addressing

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

[Operand format]

Identifier Description

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

RET

BRK

RETB
(Interrupt request generated)

RETI
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

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

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

Power Supply Corresponding Pins
AVRer P20 - P27
EVop e Port pins other than P20 - P27
e RESET and FLMDO pins
Vob e P121-P124
» Non-port pins (excluding RESET and FLMDO pins)

78KO0R/KC3-L, 78KOR/KE3-L products are provided with the digital I/O ports, which enable variety of control operations.
The functions of each port are shown in Table 4-2.
In addition to the function as digital I/O ports, these ports have several alternate functions. For details of the alternate

functions, see CHAPTER 2 PIN FUNCTIONS.
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Table 4-2 . Port Functions (1/2)

= é Function I/0 Function After Reset| Alternate Function

r,cg @ Name

— —

NN | PO2 I/0 Port 0. Input port | SO10/TxD1

N v | Po3 1/0 port. SI10/RxD1/SDA10
Input of P03, P04 can be set to TTL input buffer.

v | N | Po4 Output of P02 - P04 can be set to N-ch open-drain output (Voo SCK10/SCL10
tolerance).
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.

v |« |P10 I/0 Port 1. Input port | SCKO00

N V| P11 1/0 port. SI00/RxD0

N J P12 Input of P10, P11 can be set to TTL input buffer. S000/TxDO
Output of P10, P12 can be set to N-ch open-drain output (Voo

N | v |P13 TxD3
tolerance).

S \ | P14 Input/output can be specified in 1-bit units. RxD3

N v | P15 Use of an on-chip pull-up resistor can be specified by a software RTCDIV/RTCCL

tting.

V|V |P16 seing TI01/TO01/INTP5

N | NP7 TI02/TO02

v | v |P20-P27 |I/O | Port2. Digital ANIO - ANI7
1/0 port. input port
Input/output can be specified in 1-bit units.

v | A | P31 I/0 Port 3. Input port | TIO3/TO03/INTP4
1/0 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.

v | A | P4O™* I/0 Port 4. Input port | TOOLO

v | V| P4t VO port. TOOLH

N b Input/output can be specified in 1-bit units. T104/T0

X 42 Use of an on-chip pull-up resistor can be specified by a software 04/TO04

V| x | P43 setting. -

v | ¥ | P50 /0 | Port5. Input port | INTP1

v | V| Ps VO port. INTP2
Input/output can be specified in 1-bit units.

v | x | P52 . . " TO00
Use of an on-chip pull-up resistor can be specified by a software

\/ X P53 setting. TIOO

ort 6. nput port

v | N | P60 /O | Port6 | SCLO

v | v | Pe VO port. SDAO

N J | Pez Pes Output of P60 - P63 can be set to N-ch open-drain output (6 V

‘ tolerance). )

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

Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally (see
Caution in 2.2.5 P40 - P43 (port 4)).
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Table 4-2. Port Functions (2/2)

= (;_:) Function 110 Function After Reset | Alternate Function
@ @ Name
— [
N| v |P70-P73 |I/O Port 7. Input port KRO - KR3
V| x |P7a-P77 /O port. KR4/INTPS -
Input/output can be specified in 1-bit units.
. . - . KR7/INTP11
Use of an on-chip pull-up resistor can be specified by a software setting.
v | x |P110,111 | 1/O Port 11. Input port -
1/0 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.
V| v [P120 I/O Port 12. Input port INTPO/EXLVI
NS Input 1-bit I/O port and 4-bit input port. X1
For only P120, use of an on-chip pull-up resistor can be specified by a
V| A | P122 e P pul-up P y X2/EXCLK
software setting.
V| v [ P123 XT1
V| N | P124 XT2
V| x |P130 Output | Port 13. Output port -
1-bit output port.
N | N | P140 I/0 Port 14. Input port PCLBUZO/INTP6
V| x | P42 VO port. SCK20/SCL20
N b Input of P142, P143 can be set to TTL input buffer. SI20/RxD2/SDA
X 143 Output of P142 - P144 can be set to the N-ch open-drain output (Voo 20/RxD2 20
V| x | P144 tolerance). S020/TxD2
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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4.2 Port Configuration

Ports include the following hardware.

Table 4-3. Port Configuration

ltem

Configuration

Control registers e 78KOR/KC3-L (48 Pin product)

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

Port registers (PO - P7, P12, P14)

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

Port output mode registers (POMO, POM1)

A/D port configuration register (ADPC)

e 78KOR/KES3-L (64 Pin product)

Port mode registers (PMO - PM7,PM11, PM12, PM14)

Port registers (PO - P7, P11 - P14)

Pull-up resistor option registers (PUO, PU1, PU3 — PU5, PU7,PU11, PU12, PU14)
Port input mode registers (PIMO, PIM1, PIM14)

Port output mode registers (POMO, POM1, POM14)

A/D port configuration register (ADPC)

Port e 78KOR/KC3-L (48 Pin product)

Total: 39 (CMOS I/0: 30, CMOS input: 4, N-ch open drain 1/O: 4), USB Buffer
Control: 1

e 78KOR/KE3-L (64 Pin product)

Total: 53 (CMOS I/0O: 43, CMOS input: 4, CMOS output: 1, N-ch open drain 1/O: 4),
USB Buffer Control: 1

Pull-up resistor e 78KOR/KC3-L (48 Pin product)

Total: 22

e 78KOR/KE3-L (64 Pin product)

Total: 35
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4.2.1 Port0
78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(uPD78F102y:y = 2-4) («PD78F102y:y = 5, 6)
P02/SO10/TxD1 y J
P03/SI110/RxD1/SDA10 y J
P04/SCK10/SCL10 V J

It is an I/O port with an output latch. It can be set to the input mode or output mode in 1-bit units using port mode
register 0 (PM0). When the P02 - P04 pins are used as an input port, use of an on-chip pull-up resistor can be specified in
1-bit units by pull-up resistor option register 0 (PUO).

Input to the P03, P04 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units using port
input mode register 0 (PIMO).

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

This port can also be used for serial interface data I/O, and clock I/O.
Reset signal generation sets port 0 to input mode.
Figures 4-1, 4-2 show block diagrams of port 0.

Cautions To use P02/SO10/TxD1, P03/SI10/RxD1/SDA10, or P04/SCK10/SCL10 as a general-purpose port,

note the serial array unit 0 setting. For details, refer to the following tables.
e Table 11-7 Relationship between Register Settings and Pins (Channel 2 of Unit 0: CSI10, UART1
Transmission, 1IC10)

e Table 11-8 Relationship between Register Settings and Pins (Channel 3 of Unit 0: UART1
Reception)
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Figure 4-1. Block Diagram of P02

EVoo
M-  WReu
l PUO
S PU02
P-ch
RD
S
& I 8 |
| ©
(%) n
a
5 WRProRT
< PO
o
£ A Output latch

~ (P02) ] 1 © P02/SO10/TxD1
WRrom
POMO
>, POMO2

WRem
PMO
S PMO02
Alternate
function
N\
PO: Port register 0

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

POMO: Port output mode register 0

RD: Read signal

WRxx: Write signal
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Figure 4-2. Block Diagram of P03, P04

EVob

1 WRpim
PIMO
S PIMO3, PIM04
WRpu
PUO

®

PUO3, PU04
—| P-ch

__/ P04/SCK10/SCL10
POMO
POMO03, POM04

Alternate
function
CMOS
RD
. . Jij
5 | g
s = | Ko} TTL
< [0
o 4]
= WReroRT -U
PO
Qutput latch
=~ (P03, P04)
WRPpom
S
WRpm
PMO
S PMO03, PM04
Alternate
function
N
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
PIMO:  Port input mode register 0
POMO: Port output mode register 0
RD: Read signal
WRxx: Write signal

©) P03/S110/RxD1/SDA10,
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4.2.2 Port 1
78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(uPD78F102y:y = 2-4) («PD78F102y:y = 5, 6)
P10/ SCKO00 y J
P11/SI100/RxD0 y J
P12/SO00/TxDO V J
P13/TxD3 y J
P14/RxD3 V J
P15/RTCDIV/RTCCL V J
P16/TI01/TO01/INTP5 y J
P17/T102/TO02 V J

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

Input to the P10, P11 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units using port
input mode register 1 (PIM1).

Output from the P10, P12 pins can be specified as N-ch open-drain output (Vob tolerance) in 1-bit units using port
output mode register 1 (POM1).

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

Reset signal generation sets port 1 to input mode.

Figure 4-3 - 4-9 show block diagrams of port 1.

Cautions 1. To use P10/SCKO00, P11/SI00/RxD0, or P12/S0O00/TxD0, P13/TxD3, P14/RxD3 as a general-purpose

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

e Table 11-5 Relationship between Register Settings and Pins (Channel 0 of Unit 0: CSIO00,
UARTO Transmission)

o Table 11-6 Relationship between Register Settings and Pins (Channel 1 of Unit 0: UARTO
Reception)

e Table 11-11 Relationship between Register Settings and Pins (Channel 2 of Unit 1: UART3
Transmission)

e Table 11-12 Relationship between Register Settings and Pins (Channel 3 of Unit 1: UART3
Reception)

2. To use P16/TI01/TO01/INTP5 or P17/TI02/TO02 as a general-purpose port, set bits 1 and 2 (TOO01,
TOO02) of timer output register 0 (TOO0) and bits 1 and 2 (TOE01, TOE02) of timer output enable
register 0 (TOEO) to “0”, which is the same as their default status setting.

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

D

Selector

»

_|

EVoo

P-ch

M WRpim
l PIM1
© PIM10
WRpu
l PU1
© PU10
Alternate
function
RD
2 l I
e}
K ~ |
=
8
£ WRPpoRT
l P1
Output latch
~ (P10)
WRPpom
POM1
S POM10
WRpm
PM1
S PM10
Alternate
function
AN
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
PIM1:  Port input mode register 1
POM1: Port output mode register 1
RD: Read signal
WRxx: Write signal

P

© P10/SCK00
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Figure 4-4. Block Diagram of P11

] WRpim
PIMA1
S PIM11 EVop
WRpu
PU1
S PU11
—| P-ch
Alternate
function
g CMOS
- RD
€ g
Q —
£ | :
O | @ TTL
®
WRProRT -U
P1
Output latch |
~ (P11) © P11/SI00/RxD0O
WRem
l PM1
O PM11
~_/
P1: Port register 1
PU1: Pull-up resistor option register 1

PM1:  Port mode register 1
PIM1:  Port input mode register 1
RD: Read signal

WRxx: Write signal
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Figure 4-5. Block Diagram of P12

EVoo

© P12/S000/TxDO

M WRepu
l PUA1
© PU12
RD
S
[0
a n
o WRPpoRT
©
£ P1
Q2
= & Output latch _\ _
(P12) ] J
WRrom
POM1
S POM12
WRem
PMA1
S PM12
Alternate
function
N\
P1: Port register 1

PU1: Pull-up resistor option register 1

PM1:  Port mode register 1

POM1: Port output mode register 1

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

EVop
M-  WRru
l PUA1
S PU13
P-ch
RD
S
4 P 2 NG
g N 3
el
© WRpPpoRT
c
IS P1
[
- Output latch \
© (P13) } I\ © P13/TxD3
WRem
PM1
& PM13
Alternate
function
AN
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 4-7. Block Diagram of P14

EVop

o

Selector

e

© P14/RxD3

™1 WRe
l PU1
O PU14
Alternate
function
RD
S
3
o
] WRPporT
o) P1
£
A Output latch
¥ (P14)
WReM
PM1
S 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 4-8. Block Diagram of P15

EVoo

M- WReu
l PU1
O PU15
RD
& A % NG
g N 3
o]
© WRPporT
£ P1
i)
c
- A Qutput latch
~ (P15)
WReM
PM1
S PM15
Alternate
function
N4
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1: Port mode register 1
RD: Read signal
WRxx: Write signal

——O P15/RTCDIV/RTCCL
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Figure 4-9. Block Diagram of P16, P17

EVop
M~  WReu
l PU1
&S PU16, PU17
P-ch
Alternate
function
RD
| e
= | 3
9 )
Ke]
= WRpoRT
c P1
Q
C
= A Output latch
S (P16, P17) —Q© P16/TIO1/TOO1/INTPS,
P17/T102/TO02
WRem
PM1
- PM16, PM17
Alternate
function
N\
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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4.2.3 Port 2
78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(uPD78F102y:y = 2-4) («PD78F102y:y = 5, 6)
P20/ANIO y J
P21/ANI1 y J
P22/ANI2 V J
P23/ANI3 y J
P24/AN14 V \
P25/ANI5 V J
P26/ANI6 y J
P27/ANI7 V \

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

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

To use P20/ANIO - P27/ANI7 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 PM2. Use these pins starting from the lower bit.

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

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

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

ADPC PM2 ADS P20/ANIO - P27/ANI7 Pins
Digital I/O 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 ANL. Setting prohibited
Does not select ANI.

All P20/ANIO - P27/ANI7 are set in the digital input mode when the reset signal is generated.
Figure 4-10 shows a block diagram of port 2.

Caution See 2.2.13 AVrer for the voltage to be applied to the AVrer pin when using port 2 as a digital 1/0.
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P2:
PM2:
RD:
WRxx:

Figure 4-10. Block Diagram of P20 - P27
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4.2.4 Port3
78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(£PD78F102y:y = 2-4) («PD78F102y:y = 5, 6)
P31/TI03/TO03/INTP4 N \

It is an 1/O port with an output latch.

It can be set to the input mode or output mode in 1-bit units using port mode

register 3 (PM3). When the P30 and P31 pins are used as an input port, use of an on-chip pull-up resistor can be

specified in 1-bit units by pull-up resistor option register 3 (PU3).

This port can also be used for external interrupt request input, timer I/O.
Reset signal generation sets it to input mode.
Figure 4-11 shows block a diagram of port 3.

Cautions To use P31/TI03/TO03/INTP4 as a general-purpose port, set bit 3 (TO03) of timer output register 0
(TOO0) and bit 3 (TOE03) of timer output enable register 0 (TOEOQ) to “0”, which is the same as their
default status setting.

Figure 4-11. Block Diagram of P31
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O PU31
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Alternate
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&S 3
" &
=}
2 WRpoRT
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£ A Output latch
~ (P31) —@ P31/T103/TO03/INTP4
WRem
PM3
S PM31
Alternate
function
N/
P3: Port register 3
PU3: Pull-up resistor option register 3
PMS3: Port mode register 3
RD: Read signal
WRxx: Write signal
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4.2.5 Port 4
78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(uPD78F102y:y = 2-4) («PD78F102y:y = 5, 6)
P40/TOOLO y J
P41/TOOL1 N J
P42/TI04/TO04 - J
P43 - J

It is an I/O port with an output latch. It can be set to the input mode or output mode in 1-bit units using port mode
register 4 (PM4). When the P40 - P43 pins are used as an input port, use of an on-chip pull-up resistor can be specified in
1-bit units by pull-up resistor option register 4 (PU4) .

This port can also be used for flash memory programmer/debugger data I/O, clock output, and timer I/O.
Reset signal generation sets port 4 to input mode.

Figures 4-12 - 4-15 show block diagrams of port 4.

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

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

When the on-chip debug function is used, P41 pin can be used as follows by the mode setting on
the debugger.
1-line mode: can be used as a port (P41).
2-line mode: used as a TOOL1 pin and cannot be used as a port (P41).

2. To use P42/TI04/TO04 as a general-purpose port, set bit 4 (TO04) of timer output register 0 (TOO0)
and bit 4 (TOE04) of timer output enable register 0 (TOEO) to “0”, which is the same as their
default status setting.
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Figure 4-12. Block Diagram of P40
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RD: Read signal
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Figure 4-13. Block Diagram of P41
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Figure 4-14. Block Diagram of P42
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Figure 4-15. Block Diagram of P43
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4.2.6 Port5
78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(uPD78F102y:y = 2-4) («PD78F102y:y = 5, 6)
P50/INTP1 y J
P51/INTP2 y J
P52/TO00 - J
P53/TI00 - J

It is an I/O port with an output latch. It can be set to the input mode or output mode in 1-bit units using port mode
register 5 (PM5). When the P50 - P53 pins are used as an input port, use of an on-chip pull-up resistor can be specified in

1-bit units by pull-up resistor option register 5 (PU5).

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

Reset signal generation sets port 5 to input mode.

Figures 4-16 - 4-17 show block diagrams of port 5.

Cautions 1. To use P52/TO00 as a general-purpose port, set bits 0 (TO00) of timer output register 0 (TO0) and
bits 0 (TOE00) of timer output enable register 0 (TOEOQ) to “0”, which is the same as their default
status setting.

Figure 4-16. Block Diagram of P50, P51, P53
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P5: Port register 5

PU5: Pull-up resistor option register 5
PM5:  Port mode register 5
RD: Read signal
WRxx: Write signal
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Figure 4-17. Block Diagram of P52
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4.2.7 Port 6
78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(uPD78F102y:y = 2-4) («PD78F102y:y = 5, 6)
P60/SCLO y J
P61/SDAO y J
P62 V J
P63 y J

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

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

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

Reset signal generation sets port 6 to input mode.

Figures 4-18 - 4-19 show block diagrams of port 6.

Stop the operation of serial interface IICA when using P60/SCL0 and P61/SDAO as general-

Figure 4-18. Block Diagram of P60, P61
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<J g
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Cautions
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RD
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Pé6: Port register 6
PM6:  Port mode register 6
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Figure 4-19. Block Diagram of P62, P63
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WRxx: Write signal
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4.2.8 Port7

78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(«PD78F102y:y = 2-4) (uPD78F102y:y = 5, 6)

P70/KRO N \

P71/KR1 y
P72/KR2 \/
P73/KR3 V
P74/KR4/INTP8
P75/KR5/INTP9 -
P76/KR6/INTP10 -
P77/KR7/INTP11 -

|
2 |2 |22 |||

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

resistor option register 7 (PU7).
This port can also be used for key return input and interrupt request input.
Reset signal generation sets port 7 to input mode.
Figure 4-19 shows a block diagram of port 7.

Figure 4-20. Block Diagram of P70 - P77
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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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429 Port 11
78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(uPD78F102y:y = 2-4) (u PD78F102y:y = 5, 6)
P110 - N
P111 - J

It is an 1/O port with an output latch. It can be set to the input mode or output mode in 1-bit units using port mode
register 11 (PM11). 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 11 (PU11).
Reset signal generation sets to input mode.
Figure 4-20, 4-21 shows a block diagram of port 11.

Figure 4-21. Block Diagram of P110
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P11: Port register 11

PU11:  Pull-up resistor option register 11
PM11: Port mode register 11

RD: Read signal

WRxx: Write signal
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Figure 4-22. Block Diagram of P111
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P11: Port register 11

PU11:  Pull-up resistor option register 11
PM11: Port mode register 11
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WRxx: Write signal
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4.2.10 Port12

78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(uPD78F102y:y = 2-4) (u PD78F102y:y = 5, 6)
P120/INTPO/EXLVI V J
P121/X1 y J
P122/X2/EXCLK V J
P123/XT1 y J
P124/XT2 V \

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

P121 - P124 are input ports.

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

Reset signal generation sets port 12 to input mode.

Figures 4-22 to 4-24 show block diagrams of port 12.

Caution The function setting on P121 - P124 is available only once after the reset release. The port once set
for connection to an oscillator cannot be used as an input port unless the reset is performed.
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Figure 4-23. Block Diagram of P120
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P12: Port register 12

PU12:  Pull-up resistor option register 12
PM12: Port mode register 12
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Figure 4-24. Block Diagram of P121, P122
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Figure 4-25. Block Diagram of P123, P124
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4.2.11 Port 13
78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(uPD78F102y:y = 2-4) (uPD78F102y:y = 5, 6)
P130 - J

P130 is a 1-bit output-only port with an output latch.
Figure 4-25 shows block diagrams of port 13.

Figure 4-26. Block Diagram of P130

I © P130

(N
RD

(2]

>

Ke)

©

g WRProRrT P13

£

Output latch
(P130)

—~J

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

Remark When reset is affected, 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 using software
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4.2.12 Port14

78KOR/KC3-L(48pin) 78KOR/KE3-L(64pin)
(u PD78F102y:y = 2-4) (4PD78F102y:y = 5, 6)
P140/PCLBUZO/INTP6 V J
P142/SCK20/SCL20 - J
P143/SI120/RxD2/SDA20 - J
P144/S020/TxD2 - J

It is an I/O port with an output latch. It can be set to the input mode or output mode in 1-bit units using port mode
register 14 (PM14). When the P140, P142 - P144 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 14 (PU14).

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

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

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

Reset signal generation sets port 14 to input mode.

Figures 4-25 - 4-28 show block diagrams of port 14.

Cautions 1. To use P142/SCK20/SCL20, P143/SI120/RxD2/SDA20, or P144/SO20/TxD2 as a general-purpose
port, note the serial array unit 1 setting. For details, refer to the following tables.
e Table 11-9 Relationship between Register Settings and Pins (Channel 0 of Unit 1: CSI20,
UART2 Transmission, 11C20)
e Table 11-10 Relationship between Register Settings and Pins (Channel 1 of Unit 1: UART2
Reception)
2. To use P140/PCLBUZO0/INTP6 as a general-purpose port, set bit 7 of clock output select register 0
(CKS0) to “0”, which is the same as their default status settings.
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Figure 4-27. Block Diagram of P140
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Figure 4-28. Block Diagram of P142, P143
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Figure 4-29. Block Diagram of P144
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P14: Port register 14

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

POM14: Port output mode register 14

RD: Read signal

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

¢ Port mode registers (PMxx)

e Port registers (Pxx)

e Pull-up resistor option registers (PUxx)
o Port input mode registers (PIMxx)

o Port output mode registers (POMxx)

e A/D port configuration register (ADPC)

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

PM1

PM2

PM3

PM4

PM5

PM6

PM7

<R> pwm11

PM12

PM14

Note 1. Be sure to set bits 5, 6 of PMO, bits 0 of PM3, bits 2-4,6,7 of PM4, bits 3, 5 of PM5, bits 5,7 of PM6, bits 4, 7 of

<R>

Figure 4-30. Format of Port Mode Register (78KOR/KC3-L)

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

1 0 0 PMO04 PMO03 PMO02 1 1 FFF20H FFH R/W
PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10 FFF21H FFH R/W
PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20 FFF22H FFH R/W

1 1 1 1 1 1 PM31 0 FFF23H FFH R/W

0 0 1 0 0 0 PM41 PM40 FFF24H FFH R/W

1 1 0 0 0 1 PM51 PM50 FFF25H FFH R/W

0 0 0 1 PM63 PM62 PM61 PM60 FFF26H FFH R/W

0 0 0 0 PM73 PM72 PM71 PM70 FFF27H FFH R/W

1 1 1 1 1 1 1 0 FFF2BH FFH R/W

1 1 1 1 1 1 1 PM120 | FFF2CH FFH R/W

1 1 1 1 0 0 1 PM140 | FFF2EH FFH R/W
PMmn Pmn pin I/O mode selection

(m=0-7,12,14;n=0-7)
0 Output Mode(Output Buffer on)
1 Input mode(Output Buffer off)

PM?7, bits 0 of PM11, bits 2,3 of PM14 to “0”. Please set it to 0 for the second time, when it returns to initial value

with reset.

<R> 2. Be sure to set bits 0,1,7 of PMO, bits 2-7 of PM3, bit 5 of PM4, bits 2,6,7 of PM5, bit 4 of PM6, bits 1-7 of PM11,
bits 1-7 of PM12, bits 1, 4-7 of PM14 to “1”.
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Figure 4-31. Format of Port Mode Register (78 KOR/KE3-L)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMO 1 0 0 PM04 PMO03 PMO02 1 1 FFF20H FFH R/W
PM1 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10 FFF21H FFH R/W
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20 FFF22H FFH R/W
PM3 1 1 1 1 1 1 PM31 0 FFF23H FFH R/W
PM4 0 0 1 0 PM43 PM42 PM41 PM40 FFF24H FFH R/W
PM5 1 1 0 0 PM53 PM52 PM51 PM50 FFF25H FFH R/W
PM6 0 0 0 1 PM63 PM62 PM61 PM60 FFF26H FFH R/W
PM7 PM77 PM76 PM75 PM74 PM73 PM72 PM71 PM70 FFF27H FFH R/W

PM11 1 1 1 1 1 1 PM111 | PM110 | FFF2BH FFH R/W
PM12 1 1 1 1 1 1 1 PM120 | FFF2CH FFH R/W
PM14 1 1 1 PM144 | PM143 | PM142 1 PM140 | FFF2EH FFH R/W
PMmn Pmn pin I/0 mode selection
(m=0-7,11,12,14;n=0-7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Note 1. Be sure to set bits 5, 6 of PMO, bits 0 of PM3, bits 4, 6, 7 of PM4, bits 4, 5 of PM5, bits 5, 7 of PM6.
Please set it to O for the second time, when it returns to initial value with reset.
2. Be sure to set bits 0,1,7 of PMO, bits 2-7 of PM3, bit 5 of PM4, bits 6,7 of PM5, bit 4 of PM6,
bits 2-7 of PM11, bits 1-7 of PM12, 1,5-7 of PM14 to “1”.
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(2) Port registers (Pxx)

These registers set the output latch value of a port.

If the data is read in the input mode, the pin level is read. If it is read in the output mode, the output latch value is
read"".

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

Reset signal generation clears these registers to 00H.

Note

Symbol
PO

P1

P2

P3

P4

P5

P6

P7

P12

P14

It is always 0 and never a pin level that is read out if a port is read during the input mode when P2 are set to
function as an analog input for a A/D converter.
Figure 4-32. Format of Port Register (78KOR/KC3-L)
7 6 5 4 3 2 1 0 Address After reset R/W
| 0 | 0 0 | P04 | P03 | P02 | 0 | 0 | FFFOOH  OOH (output latch) R/W
P17 P16 P15 P14 P13 P12 P11 P10 FFFO1H  OOH(output latch) R/W
P27 P26 P25 P24 P23 P22 P21 P20 FFFO2H  0OH(output latch) R/W
0 0 0 0 0 0 P31 0 FFFO3H  00H(output latch) R/W
0 0 0 0 0 0 P41 P40 FFFO4H  OOH(output latch) R/W
0 0 0 0 0 0 P51 P50 FFFO5H  00H(output latch) R/W
0 0 0 0 P63 P62 P61 P60 FFFO6H  00H(output latch) R/W
0 0 0 0 P73 P72 P71 P70 FFFO7H  OOH(output latch) R/W
0 0 0 P124 P123 P122 P121 P120 FFFOCH Undefined R/wWNote
0 0 0 0 0 0 0 P140 FFFOEH  OOH(output latch) R/W
Pmn m=0-7,12,14 ;n=0-7
Output data control(After output mode) Input data reading(After input mode)
0 Output 0 Low level input
1 Output 1 High level Input
Note P121-P124 is Read-only.
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Figure 4-33. Format of Port Register (78KOR/KC3-L)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO 0 0 0 P04 P03 P02 0 0 FFFOOH  0O0H(output latch) R/W
P1 P17 P16 P15 P14 P13 P12 P11 P10 FFFO1H  OOH (output latch) R/W
P2 P27 P26 P25 P24 P23 P22 P21 P20 FFFO2H  OOH (output latch) R/W
P3 0 0 0 0 0 0 P31 0 FFFO3H OOH (output latch) R/W
P4 0 0 0 0 P43 P42 P41 P40 FFFO4H  OOH (output latch) R/W
P5 0 0 0 0 P53 P52 P51 P50 FFFO5H  OOH (output latch) R/W
P6 0 0 0 0 P63 P62 P61 P60 FFFO6H  OOH (output latch) R/W
P7 P77 P76 P75 P74 P73 P72 P71 P70 FFFO7H  OOH (output latch) R/W
P11 0 0 0 0 0 0 P111 P110 FFFOBH  0OH (output latch) R/W
P12 0 0 0 P124 P123 P122 P121 P120 FFFOCH Undefined R/W"*
P13 0 0 0 0 0 0 0 P130 FFFODH  OOH (output latch) R/W
P14 0 0 0 P144 P143 P142 0 P140 FFFOEH 0OH (output latch) R/W

Pmn m=0-7,11-14;,n=0-7
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level

Note P121 - P124 are read-only.
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(3) Pull-up resistor option registers (PUxx)

These registers specify whether the on-chip pull-up resistors are to be used or not. On-chip pull-up resistors can be
used 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.
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.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Symbol
PUO

PU1

PU3

PU4

PU5

PU7

PU12

PU14

Figure 4-34. Format of Pull-up Resistor Option Register (78KOR/KC3-L)

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

0 0 0 PU04 PUO3 PU02 0 0 FOO30H 00H R/W
PU17 PU16 PU15 PU14 PU13 PU12 PU11 PU10 FO031H 00H R/W

0 0 0 0 0 0 PU31 0 FOO33H 00H R/W

0 0 0 0 0 0 PU41 PU40 FO034H 00H R/W

0 0 0 0 0 0 PU51 PU50 FO035H 00H R/W

0 0 0 0 PU73 PU72 PU71 PU70 FO037H 00H R/W

0 0 0 0 0 0 0 PU120 | FOO3CH 00H R/W

0 0 0 0 0 0 0 PU140 | FOO3EH 00H R/W
PUmn Pmn pin on-chip pull-up resistor selection

(m=0,1,3-5,7,12,14; n=0-7)
0 On-chip pull-up resistor not connected

On-chip pull-up resistor connected

RO1UHO019EJ0201 Rev.2.01

Sep 22, 2011

RRENESANAS

154



78KOR/KC3-L, 78KOR/KE3-L CHAPTER 4 PORT FUNCTIONS

Figure 4-35. Format of Pull-up Resistor Option Register (78KOR/KC3-L)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PUO 0 0 0 PUO4 PUO3 PUO02 0 0 FO030H 00H R/W
PU1 PU17 PU16 PU15 PU14 PU13 PU12 PU11 PU10 FO031H O00H R/W
PU3 0 0 0 0 0 0 PU31 0 FO033H 00H R/W
PU4 0 0 0 0 PU43 PU42 PU41 PU40 F0034H 00H R/W
PU5 0 0 0 0 PU53 PU52 PU51 PU50 FO035H 00H R/W
PU7 PU77 PU76 PU75 PU74 PU73 PU72 PU71 PU70 FO037H 00H R/W
PU11 0 0 0 0 0 0 PU111 | PU110 | FOO039H 00H R/W
PU12 0 0 0 0 0 0 0 PU120 | FOO3CH O0H R/W
PU14 0 0 0 PU144 | PU143 | PU142 0 PU140 | FOO3EH 00H R/W

PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,3-7,11,12,14,n=01t07)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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(4) Port input mode registers (PIMO, PIM1, PIM14"*)
PIMO, PIM1, PIM14 are registers that set the input buffer of P03, P04, P10, P11, P142, P143 in 1-bit units.
TTL input buffer can be selected during serial communication with an external device of the different potential.
PIMO, PIM1, PIM14 are registers that can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Figure 4-36. Format of Port Input Mode Register

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

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

PIMA1 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PIM11 ‘ PIM10 | FO041H 00H R/W

PIM14M* 0 | 0 ‘ 0 ‘ 0 | PIM143 ‘ PIM142 ‘ 0 ‘ 0 | FOO4EH 00H R/W
PIMmn Pmn pin input buffer selection

(m=0,1,14,n=0-4)

0 Normal input buffer

1 TTL input buffer

Note : Only 78KOR/KE3-L.

(5) Port output mode registers (POMO0, POM1, POM14")
These registers set the output mode of P02 - P04, P10, P12, P142 - P144 in 1-bit units.
N-ch open drain output (Vob tolerance) mode can be selected during serial communication with an external device of
the different potential, and for the SDA10 and SDA20 pins during simplified I°C communication with an external device
of the same potential.
POMO, POM1, POM14 are registers that can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Figure 4-37. Format of Port Input Mode Register

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

POMO | 0 | 0 ‘ 0 ‘ POMO04 | POMO03 ‘ POMO02 ‘ 0 ‘ 0 | FOO50H 00H R/W

POM1 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ POM12 ‘ 0 ‘ POM10 | F0051H 00H R/W

POM14 ™" 0 | 0 ‘ 0 ‘ POM144 | POM143 ‘ POM142 ‘ 0 ‘ 0 | FOO5EH 00H R/W
POMmMnN Pmn pin output mode selection

(m=0,1,14;n=0,2-4)

0 Normal output mode

1 N-ch open-drain output (Voo tolerance) mode

Note : Only 78KOR/KE3-L.
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(6) A/D port configuration register (ADPC)

This register switches the P20/ANIO - P27/ANI7 pins to digital I/O of port or analog input of A/D converter.

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

Reset signal generation sets this register to 10H.

Figure 4-38. Format of A/D Port Configuration Register (ADPC)

Address: FOO17H  After reset: 10H R/W

Symbol 7 6 5 3 2 0
ADPC 0 0 0 ADPC4 ADPC3 ADPC2 ADPCA ADPCO
appca | appcs | aopc2 | appct ADPCO Analog input (A)/digital 1/0 (D) switching
Port 2
ANI7 ANI6 ANI5 ANI4 ANI3 ANI2 ANI1 ANIO
P27 /P26 /P25 /P24 /P23 /P22 /P21 /P20
0 0 0 0 0 A A A A A A A A
0 0 0 0 1 A A A A A A A D
0 0 0 1 0 A A A A A A D D
0 0 0 1 1 A A A A A D D D
0 0 1 0 0 A A A A D D D D
0 0 1 0 1 A A A D D D D D
0 0 1 1 0 A A D D D D D D
0 0 1 1 1 A D D D D D D D
0 1 0 0 0 D D D D D D D D
1 0 0 0 0 D D D D D D D D

Other than above

Setting prohibited

<R>

Cautions

1. Set the channel used for A/D conversion to the input mode by using port mode registers 2

(PM2).

2. Do not set the pin set by ADPC as digital /O by analog input channel specification register

(ADS).

3. P20/ANIO - P27/ANI7 are set as analog inputs in the order of P27/ANI7, ..., P20/ANIO by the A/D
port configuration register (ADPC). When using analog inputs, start designing from P27/ANI17.

4. Be sure to first set the ADCEN bit of peripheral enable register 0 (PERO0) to 1 when setting up the
ADPC register. If ADCEN = 0, writing to the ADPC register is ignored and specified values are

returned to the initial values.
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to I/O port

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

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

4.4.2 Reading from /O port

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

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

4.4.3 Operations on /O port

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

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

When parts of ports 0, 1, 14" operate with VDD = 1.8 — 3.6 V, I/O connections with an external device that operates on
2.5V, 3V power supply voltage are possible.

Regarding inputs, CMOS/TTL switching is possible on a bit-by-bit basis by port input mode registers (PIMO, PIM1,
PIM14"*).

Moreover, regarding outputs, different potentials can be supported by switching the output buffer to the N-ch open drain
(VDD withstand voltage) by the port output mode registers (POMO, POM1, POM14"*).

(1) Setting procedure when using I/O pins of UARTO - UART2, CSI00, CSI10, CSI20 functions

(a) Use as 2.5V, 3V input port
<1> After reset release, the port mode is the input mode (Hi-2).
<2> If pull-up is needed, externally pull up the pin to be used (on-chip pull-up resistor cannot be used).

In case of UARTO  :P11

In case of UARTH1 :PO3

In case of UART2""*:P143

In case of CSI00 :P10, P11

In case of CSI10 :P03, P04

In case of CSI20™"° :P142, P143

<3> Set the corresponding bit of the PIMn register to 1 to switch to the TTL input buffer.
<4> VIH/VIL operates on 2.5 V, 3 V operating voltage.

Note : 78KOR/KE3-L Only
Remark : 78KOR/KC3-L:n=0, 1
78KOR/KE3-L:n=0, 1, 14
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(b) Use as 2.5V, 3V output port
<1> After reset release, the port mode changes to the input mode (Hi-Z).
<2> Pull up externally the pin to be used (on-chip pull-up resistor cannot be used).

<3>

<4>

<5>

<6>

In case of UART1 P12

In case of UART1 : P02

In case of UART2"": P144

In case of CSI00 : P10, P12
In case of CSI10 : P02, PO4
In case of CSI20™* : P142, P144

Set the output latch of the corresponding port to 1.

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

Set the output mode by manipulating the PMn register.

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

Communication is started by setting the serial array unit.

Note : 78KOR/KE3-L Only
Remark : 78KOR/KC3-L:n=0, 1
78KOR/KE3-L:n=0, 1, 14

(2) Setting procedure when using I/O pins of simplified IIC10 and 1IC20 functions

<1>

<2>

<3>

<4>

<5>

<6>

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

In case of simplified 11IC10 : P03, P04
In case of simplified 1IC20""* : P142, P143

Set the output latch of the corresponding port to 1.

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

Set the corresponding bit of the PMn register to the output mode (data I/O is possible in the output mode).
At this time, the output data is high level, so the pin is in the Hi-Z state.

Enable the operation of the serial array unit and set the mode to the simplified 11IC mode.

Note : 78KOR/KE3-L Only
Remark : 78KOR/KC3-L:n=0, 1
78KOR/KE3-L:n=0, 1, 14
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4.5 Settings of Port Mode Register, and Output Latch When Using Alternate Function
To use the alternate function of a port pin, set the port mode register, and output latch as shown in Table 4-6.

Table 4-6. Settings of Port Mode Register, and Output Latch When Using Alternate Function

Pin Name Alternate Function PMxx Pxx Pin Name Alternate Function PMxx Pxx
Function Name /0 Function Name I/0

P02 SO10 Output 0 1 P40 TOOLO /0 X X

TxD1 Output 0 1 P41 TOOL1 Output X X

P03 Si10 Input 1 X P42 TIO4 Input 1 X

RxD1 Input 1 X TOO04 Output 0 0

SDA10 /0 0 1 P50, P51 INTP1, INTP2 Input 1 X

P04 SCK10 Input 1 x P52 TO00 Output 0 0

Output 0 1 P53 " TI0O Input 1 X

SCL10 /0 0 1 P60 SCLO I/O 0 0

P10 SCK00 Input 1 x P61 SDAO I/0 0 0

Output 0 1 P70 - P73 | KRO - KR3 Input 1 X

P11 Sloo Input 1 X P74 - P77 | INTP8-INTP11 Input 1 X

note2

RxDO Input 1 X KR4 - KR7 Input 1 X

P12 SO00 Output 0 1 P120 INTPO Input 1 X

TxDO Output 0 1 EXLVI Input 1 X

P13 TxD3 Output 0 1 P140 PCLBUZ0 Output 0 0

P14 RxD3 Input 1 X INTP6 Input 1 x

P15 RTCDIV Output 0 o |[p14a2~=? |sck20 Input 1 x

RTCCL Output 0 0 Output 0 1

P16 TIO1 Input 1 X SCL20 110 0 1

TOO1 Output 0 o |lp143=2 |si20 Input 1 x

P17 INTP5 Input 1 X RxD2 Input 1 x

TI02 Input 1 X SDA20 /10 0 1

TO02 Output 0 0 P144me 2 S020 Output 0 1

P20 - P27 ™' | ANIO - ANI7 "' [ Input 1 X TxD2 Output 0 1
P31 TIO3 Input 1 X
INTP4 Input 1 X

Note 1. The functions of the ANIO/P20 - ANI7/P27 pins can be selected by using the A/D port configuration
register (ADPC), the analog input channel specification register (ADS).
2. 78KOR/KE3-L Only.

Remark x: don’t care
PMxx: Port mode register
Pxx:  Port output latch
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Table 4-7. Setting Functions of ANIO/P20 - ANI7/P27 Pins

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

Does not select ANI.

Analog input (not to be converted)

Output mode

Selects ANI.

Does not select ANI.

Setting prohibited

Remark x: don't care

PMxx: Port mode register
Pxx:  Port output latch
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4.6 Cautions on 1-Bit Manipulation Instruction for Port Register n (Pn)

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

<Example>  When P10 is an output port, P11 - P17 are input ports (all pin statuses are high level), and the port latch
value of port 1 is 00H, if the output of output port P10 is changed from low level to high level via a 1-bit
manipulation instruction, the output latch value of port 1 is FFH.
Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the output
latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the 78KOR/KC3-L, KE3-L.
<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.
<1>The output latch value (0) of P10, which is an output port, is read, while the pin statuses of P11 -
P17, which are input ports, are read. If the pin statuses of P11 - P17 are high level at this time, the read
value is FEH.
<2> The value is changed to FFH by the manipulation.
<3> FFH is written to the output latch by the manipulation.
Figure 4-39. Bit Manipulation Instruction (P10)
1-bit manipulation
P10 @ instruction P10 @
Low-level output (set1 P1.0) High-level output
is executed for P10
bit.
P11to P17 @ I::> P11to P17 @
Pin status: High level Pin status: High level
Port 1 output latch Port 1 output latch
(olofofofofofofo] RIENERERENERERED
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 bitto 1.
<3> Write the results of <2> to the output latch of port register 1 (P1)
in 8-bit units.
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CHAPTER 5 CLOCK GENERATOR

5.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.
The following three kinds of system clocks and clock oscillators are selectable.

(1) Main system clock

<1>

<2>

<3>

X1 oscillator

This circuit oscillates a clock of fx = 2 to 20 MHz by connecting a resonator to X1 and X2.

Oscillation can be stopped by executing the STOP instruction or setting of MSTOP (bit 7 of the clock
operation status control register (CSC)).

Internal high-speed oscillator "

This circuit oscillates clocks of fihr = 1, 8 MHz (TYP.). After a reset release, the CPU always starts operating
with this internal high-speed oscillation clock. Oscillation can be stopped by executing the STOP instruction
or setting HIOSTOP (bit 0 of CSC).

20 MHz internal high-speed oscillation clock oscillator
This circuit oscillates a clock of fineo = 20 MHz (TYP.). Oscillation can be started by setting bit 0 (DSCON) of
the 20 MHz internal high-speed oscillation control register (DSCCTL) to 1 with Vob > 2.7 V. Oscillation can
be stopped by setting DSCON to 0.

Note

Note To use the 1, 8 or 20 MHz internal high-speed oscillation clock, use the option byte to set the
frequency in advance (for details, sse CHAPTER 22 OPTION BYTE). Also, the internal high-speed
oscillator automatically starts oscillating after reset release. To use the 20 MHz internal high-speed
oscillator to operate the microcontroller, oscillation is started by setting bit 0 (DSCON) of the 20 MHz
internal high-speed oscillation control register (DSCCTL) to 1.

An external main system clock (fex = 2 to 20 MHz) can also be supplied from the EXCLK/X2/P122 pin. An external

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

Remark fx: X1 clock oscillation frequency

fin: Internal high-speed oscillation clock frequency
fineo: 20 MHz internal high-speed oscillation clock frequency
fEx: External main system clock frequency

(2) Subsystem clock

e XT1 clock oscillator

This circuit oscillates a clock of fsus = 32.768 kHz by connecting a 32.768 kHz resonator to XT1 and XT2.
Oscillation can be stopped by setting XTSTOP (bit 6 of CSC).
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(3) Internal low-speed oscillation clock (clock dedicated to watchdog timer)
o Internal low-speed oscillator
This circuit oscillates a clock of fiL = 30 kHz (TYP.).

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

the internal low-speed oscillation clock is the watchdog timer.
Oscillation is stopped when the watchdog timer stops.

(4) USB Clock
e PLL

Divide or multiply the 12MHz, 16 MHz, 20 MHz of (fx) clock generated in X1 oscillator or external input clock
(fex), and generate 48 MHz. Select PLLM bit division and multiplication ratio of PLL control register (PLLC), and

operate or stop PLL based on PLL STOP bit.

Remarks 1. fsus : Subsystem clock frequency
fii :Internal low-speed oscillation clock frequency
fuse : USB clock oscillation frequency

2. The watchdog timer stops in the following cases.
¢ When bit 4 (WDTON) of an option byte (000COH) =0

o |f the HALT or STOP instruction is executed when bit 4 (WDTON) of an option byte (000COH) = 1 and

bit 0 (WDSTBYON) = 0

5.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 5-1 Configuration of Clock Generator

ltem Configuration

Control registers Clock operation mode control register (CMC)
System clock control register (CKC)
Clock operation status control register (CSC)

Oscillation stabilization time select register (OSTS)

Peripheral enable register 0 (PERO0)
Operation speed mode control register (OSMC)

PLL Control register (PLLC)
USB Clock control register (UCKC)

Oscillation stabilization time counter status register (OSTC)

20 MHz internal high-speed oscillation control register (DSCCTL)

Oscillators X1 oscillator

XT1 oscillator

Internal high-speed oscillator
Internal low-speed oscillator
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Remark fx: X1 clock oscillation frequency
fin:  Internal high-speed oscillation clock frequency
fineo: 20 MHz internal high-speed oscillation clock frequency
fex:  External main system clock frequency
fux:  High-speed system clock frequency
fmain:  Main system clock frequency
fxt:  XT1 clock oscillation frequency
fsus: Subsystem clock frequency
fck:  CPU/peripheral hardware clock frequency
fiL: Internal low-speed oscillation clock frequency
fuse: USB clock oscillation frequency

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

¢ Clock operation mode control register (CMC)

e System clock control register (CKC)

o Clock operation status control register (CSC)

¢ Oscillation stabilization time counter status register (OSTC)

¢ Oscillation stabilization time select register (OSTS)

e 20 MHz internal high-speed oscillation control register (DSCCTL)
o Peripheral enable register 0 (PERO)

e Operation speed mode control register (OSMC)

o PLL control register (PLLC)

o USB clock control register (UCKC)

(1) Clock operation mode control register (CMC)
This register is used to set the operation mode of the X1/P121, X2/EXCLK/P122, XT1/P123, and XT2/P124 pins, and
to select a gain of the oscillator.
CMC can be written only once by an 8-bit memory manipulation instruction after reset release. This register can be
read by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.
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Figure 5-2 Format of Clock Operation Mode Control Register (CMC)

Address: FFFAOH  After reset: OOH R/W

consumption. Note the following points when designing the circuit.

e Pins and circuit boards include parasitic capacitance.

Symbol 7 6 5 4 2 1 0
CMC EXCLK | OSCSEL 0 OSCSELS AMPHS1 | AMPHSO | AMPH
EXCLK OSCSEL | High-speed system clock X1/P121 pin X2/EXCLK/P122 pin
pin operation mode
0 0 Input port mode Input port
0 1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 Input port mode Input port
1 1 External clock input mode | Input port ‘ External clock input
OSCSELS | Subsystem clock pin operation mode XT1/P123 pin ‘ XT2/P124 pin
0 Input port mode Input port
1 XT1 oscillation mode Crystal resonator connection
AMPHS1 AMPHSO XT1 oscillator oscillation mode selection
0 0 Low power consumption oscillation (default)
0 1 Normal oscillation
1 0 Ultra-low power consumption oscillation
1 1
AMPH Control of X1 clock oscillation frequency
0 2 MHz < fx <10 MHz
1 10 MHz < fx £ 20 MHz
Cautions 1. CMC can be written only once after reset release, by an 8-bit memory manipulation
instruction.
2. After reset release, set CMC before X1 or XT1 oscillation is started as set by the
clock operation status control register (CSC).
3. Be sure to set AMPH to 1 if the X1 clock oscillation frequency exceeds 10 MHz.
4. When CMC is used at the default value (00H), be sure to set 00H to this register after
reset release in order to prevent malfunctioning during a program loop.
5. The XT1 oscillator is a circuit with low amplification in order to achieve low-power

Therefore, perform

oscillation evaluation using a circuit board to be actually used and confirm that
there are no problems.
e When using the ultra-low power consumption oscillation (AMPHS1 = 1) as the
mode of the XT1 oscillator, use the recommended resonators described in
CHAPTER 28 ELECTRICAL SPECIFICATIONS.
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Make the wiring between the XT1 and XT2 pins and the resonators as short as
possible, and minimize the parasitic capacitance and wiring resistance. Note
this particularly when the ultra-low power consumption oscillation (AMPHS1 = 1)
is selected.

Configure the circuit of the circuit board, using material with little wiring
resistance.

Place a ground pattern that has the same potential as Vss as much as possible
near the XT1 oscillator.

Be sure that the signal lines between the XT1 and XT2 pins, and the resonators
do not cross with the other signal lines. Do not route the wiring near a signal
line through which a high fluctuating current flows.

The impedance between the XT1 and XT2 pins may drop and oscillation may be
disturbed due to moisture absorption of the circuit board in a high-humidity
environment or dew condensation on the board. When using the circuit board in
such an environment, take measures to damp-proof the circuit board, such as by
coating.

When coating the circuit board, use material that does not cause capacitance or
leakage between the XT1 and XT2 pins.

Remark fx: X1 clock frequency
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(2) System clock control register (CKC)
This register is used to select a CPU/peripheral hardware clock and a division ratio.
CKC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 09H.

Figure 5-3. Format of System Clock Control Register (CKC)

Address: FFFA4H  After reset: 09H R/W "'

Symbol [6] 3 2 1 0
CKC | CLS ‘ CSS ‘ MCS ‘ MCMo ‘ 1 ‘ MDIV2 ‘ MDIVA ‘ MDIVO
CLS Status of CPU/peripheral hardware clock (fcik)
0 Main system clock (fwain)
1 Subsystem clock (fsus)
MCS Status of Main system clock (fmain)
0 Internal high-speed oscillation clock (fiH)
1 High-speed system clock (fux)
MCMO Main system clock (fwan) operation control
0 Selects the internal high-speed oscillation clock (fi) or 20 MHz internal high-speed
oscillation clock (fiHz0) as the main system clock (fwain)
1 Selects the high-speed system clock (fux) as the main system clock (fmain)
CSS MDIvV2 MDIV1 MDIVO Selection of CPU/peripheral
hardware clock (fcik)
0 0 0 0 fmaN
0 0 1 fwain/2 (This is the default setting if MCMO = 0.)
0 1 0 fman/2°
0 1 1 fuan/2°M?
1 0 0 fman/2* 2
1 0 1 fuan/2° e
R x X X fsus/2
Other than above Setting prohibited
Notes 1. Bits 7 and 5 are read-only.
<R> 2. Setting is prohibited if the 1 MHz Internal high-speed oscillation clock frequency (fiH1) is
selected as the main system clock (fmain).
3. Setting is prohibited if the high-speed system clock (fux) is selected as the main system clock
(fwain) and if fux < 4 MHz.
<R> 4. Changing the value of the MCMO bit is prohibited while the CSS bit is set to 1.

Remarks 1. fiv:  Internal high-speed oscillation clock frequency

fineo: 20 MHz Internal high-speed oscillation clock frequency
fux:  High-speed system clock frequency
fsue: Subsystem clock frequency

2. x: don’t care

(Cautions are listed on the next page.)
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Cautions 1. Be sure to set bit 3to 1.

2. The clock set by CSS, MCM0, and MDIV2 to MDIVO is supplied to the CPU and
peripheral hardware. If the CPU clock is changed, therefore, the clock supplied to
peripheral hardware (except the real-time counter, clock output/buzzer output, and
watchdog timer) is also changed at the same time. Consequently, stop each
peripheral function when changing the CPU/peripheral hardware clock.

3. If the peripheral hardware clock is used as the subsystem clock, the operations of
the A/D converter and IICA are not guaranteed. For the operating characteristics of
the peripheral hardware, refer to the chapters describing the various peripheral
hardware as well as CHAPTER 28 ELECTRICAL SPECIFICATIONS.

4. Do not switchover to subsystem clock at the time of USB operation. In case
switchover is necessary, set UCKC=0 beforehand, and stop supply to USB.

The fastest instruction can be executed in 1 clock of the CPU clock in the 78KOR/KC3-L, 78KOR/KE3-L. Therefore,
the relationship between the CPU clock (fcLk) and the minimum instruction execution time is as shown in Table 5-2.

Table 5-2 Relationship between CPU Clock and Minimum Instruction Execution Time

CPU Clock Minimum Instruction Execution Time: 1/fcik
(Value set by the Main System Clock (CSS = 0) Subsystem Clock
bits) High-Speed System Clock Internal High-Speed Oscillation -
(MCMO = 1) Clock (MCMO = 0)
At 12 MHz At 16 MHz At 20 MHz At 8 MHz At 20 MHz At 32.768 kHz Operation
Operation Operation Operation (TYP.) (TYP.)
Operation Operation
fmAIN 0.0833 us 0.0625 us 0.05 us 0.125 us 0.05 us -
(TYP.)
fmain/2 0.167 us 0.125 us 0.1 us 0.25 us (TYP.) | 0.1 us -
(default)
fmain/2? 0.333 us 0.25 us 0.2 us 0.5 us (TYP.) |0.2us -
fumain/2° 0.666 us 0.5 us 0.4 us 1.0 us (TYP.) | 0.4 us -
fmain/2* 1.33 us 1 us 0.8 us 20us (TYP.) | 0.8 us -
fmain/2° 2.67 us 2 us 1.6 us 4.0 us (TYP.) | 1.6 us -
fsus/2 - - 61 us

Remark fmain: Main system clock frequency (fiH or fmx)
fsus: Subsystem clock frequency

(3) Clock operation status control register (CSC)
This register is used to control the operations of the high-speed system clock, internal high-speed oscillation clock,
and subsystem clock (except the 20 MHz internal high-speed oscillation clock and internal low-speed oscillation clock).
CSC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to COH.

RO1UHO019EJ0201 Rev.2.01 171
Sep 22, 2011 /-{ENESAS
]



78KOR/KC3-L, 78KOR/KE3-L CHAPTER 5 CLOCK GENERATOR

Figure 5-4. Format of Clock Operation Status Control Register (CSC)

Address: FFFA1H  After reset: COH R/W

Symbol [6] 5 4 3 2 1 [0]
CSC MSTOP XTSTOP 0 0 0 0 0 HIOSTOP
MSTOP High-speed system clock operation control
X1 oscillation mode External clock input mode Input port mode
0 X1 oscillator operating External clock from EXCLK Input port
pin is valid
1 X1 oscillator stopped External clock from EXCLK
pin is invalid
XTSTOP Subsystem clock operation control
XT1 oscillation mode Input port mode
0 XT1 oscillator operating Input port
1 XT1 oscillator stopped
HIOSTOP Internal high-speed oscillation clock operation control
0 Internal high-speed oscillator operating
1 Internal high-speed oscillator stopped "**°
<R> Note The 1 MHz or 8 MHz (TYP.) internal high-speed oscillation clock stops. Stopping the internal

high-speed oscillator (HIOSTOP = 1) is prohibited while the 20 MHz internal high-speed oscillation
clock is operating (DSCON = 1). Stop the 20 MHz internal high-speed oscillation clock by using
the 20 MHz internal high-speed oscillation control register (DSCCTL) and not the HIOSTOP bit.

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

2. To start X1 oscillation as set by MSTOP, check the oscillation stabilization time of

the X1 clock by using the oscillation stabilization time counter status register (OSTC).

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

4. The setting of the flags of the register to stop clock oscillation (invalidate the external

clock input) and the condition before clock oscillation is to be stopped are as follows.

Table 5-3 Condition Before Stopping Clock Oscillation and Flag Setting

Clock Condition Before Stopping Clock Setting of CSC
(Invalidating External Clock Input) Register Flags
X1 clock CPU and peripheral hardware clocks operate with a clock MSTOP =1
External main system other than the high-speed system clock.
clock (CLS=0and MCS =0, or CLS = 1)
Subsystem clock CPU and peripheral hardware clocks operate with a clock XTSTOP =1
other than the subsystem clock.
(CLS =0)
Internal high-speed CPU and peripheral hardware clocks operate with a clock HIOSTOP = 1
oscillation clock other than the internal high-speed oscillator clock and 20
MHz internal high-speed oscillation clock.
(CLS=0and MCS =1, or CLS =1)
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(4) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.
The X1 clock oscillation stabilization time can be checked in the following case,

o If the X1 clock starts oscillation, while the internal high-speed oscillation clock or subsystem clock is being used
as the CPU clock.

o If the STOP mode is entered and then released while the internal high-speed oscillation clock is being used as
the CPU clock with the X1 clock oscillating.

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

Remark The oscillation stabilization time counter starts counting in the following cases.
¢ When oscillation of the X1 clock starts (EXCLK, OSCSEL =0, 1 — MSTOP = 0)
e When the STOP mode is released
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Figure 5-5. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

oscillation starts (“a” below).

STOP mode release

Voltage waveform l

of X1pin

Remark fx: X1 clock oscillation frequency

Address: FFFA2H Afterreset: OOH R
Symbol 7 6 5 4 3 2 1 0
OSTC MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST
8 9 10 11 13 15 17 18
MOST8 | MOST9 | MOST10 | MOST11 | MOST | MOST | MOST | MOST Oscillation stabilization time status
13 15 17 18 fx=12 MHz | fx=16 MHz | fx =20 MHz
0 0 0 0 0 0 0 0 2B/fX 2133#3 max. ’]6’us max. 12.8 MS max.
max.
1 0 0 0 0 0 0 0 2°fix  [1.33usmin |16 us min. 12.8 us min.
min.
1 1 0 0 0 0 0 0 2°/fx 42.67 s min. 32 is min. 25.6 us min.
min.
1 1 1 0 0 0 0 0 2°fix  185.33 ysmin. B4 u's min. 51.2 us min.
min.
1 1 1 1 0 0 0 0 2" [170.67 us min.|128 s min. 102.4 us min.
min.
1 1 1 1 1 0 0 0 2" [682.67 us min.|512 s min. 409.6 us min.
min.
1 1 1 1 1 1 0 0 215/fX 2.73 ms min. 2.05 ms min. 1.64 ms min.
min.
1 1 1 1 1 1 1 0 |2  110.92 ms min. [8.19 ms min. | 6.55 ms min.
min.
1 1 1 1 1 1 1 1 2°fx  [21.85 ms min. 116.38 ms min. | 13.11 ms min.
min.
Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST8 and
remain 1.
2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS.
In the following cases, set the oscillation stabilization time of OSTS to the value
greater than the count value which is to be checked by the OSTC register after the
oscillation starts.
o If the X1 clock starts oscillation, while the internal high-speed oscillation clock or
subsystem clock is being used as the CPU clock.
o If the STOP mode is entered and then released while the internal high-speed
oscillation clock is being used as the CPU clock with the X1 clock oscillating.
(Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after the STOP mode is released.)
3. The X1 clock oscillation stabilization wait time does not include the time until clock
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(5) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation automatically waits for the time set using OSTS after
the STOP mode is released.
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. Using OSTC, the oscillation stabilization
time up to the time set to OSTS can be checked.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to 07H.
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Figure 5-6 Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFA3H After reset: 0O7TH R/W

Symbol 6 5 3 2 1 0
OSTS 0 OSTS2 OSTS1 OSTSO0
OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time status
fx=12 fx =16 MHz | fx =20 MHz
MHz
0 0 0 2%/ 21.33 us |Setting | Setting
prohibited | prohibited
0 0 1 2%/ 4267us (32 us 25.6 us
0 1 0 2"« 85.33 us |64 us 51.2 us
0 1 1 2" 170.67 us | 128 us | 1024 us
1 0 0 23 682.67us |512 us 409.6 us
1 0 1 2"/ 273ms  |205ms |1.64ms
1 1 0 2"/ 10.92ms. |g 19 ms |6.55ms
1 1 1 2"%f 21.85ms |16.38 ms | 13.11 ms
Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set the OSTS
register before executing the STOP instruction.
2. Setting the oscillation stabilization time to 20 us or less is prohibited.
<R> 3. Change the setting of the OSTS register before setting the MSTOP bit of the clock

operation status control register (CSC) to 0.

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

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

o If the X1 clock starts oscillation, while the internal high-speed oscillation clock or
subsystem clock is being used as the CPU clock.

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

6. The X1 clock oscillation stabilization wait time does not include the time until clock
oscillation starts (“a” below).

STOP mode release

Y

Voltage waveform l
of X1pin

Remark fx: X1 clock oscillation frequency
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(6) 20 MHz internal high-speed oscillation control register (DSCCTL)

This register controls the 20 MHz internal high-speed oscillation clock (DSC) function.
This register can be used to control oscillation of the 20 MHz internal high-speed oscillation clock (fiH20) and select the
20 MHz internal high-speed oscillation clock (fiH20) as the CPU/peripheral hardware clock.
DSCCTL can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 5-7. Format of 20 MHz Internal High-Speed Oscillation Control Register (DSCCTL)

Address: FOOF6H  After reset: 00H R/W *

Symbol 7 6 5 4 1 (o]
DSCCTL 0 0 0 0 DSCS SELDSC 0 DSCON
DSCS 20 MHz internal high-speed oscillation supply status flag
0 Not supplied
1 Supplied (The CPU/peripheral hardware clock (fcik) operates on the 20 MHz internal high-
speed oscillation clock.)
SELDSC Selection of 20 MHz internal high-speed oscillation for CPU/peripheral hardware clock (fck)
0 Does not select 20 MHz internal high-speed oscillation (clock selected by CKC register is
supplied to fcik)
1 Selects 20 MHz internal high-speed oscillation (20 MHz internal high-speed oscillation is
supplied to fcik)
DSCON Operating or stopping 20 MHz internal high-speed oscillation clock (firzo)
0 Stopped
1 Operated

Note Bit 3 is read-only.

Cautions 1.
2.
3.
4,

20 MHz internal oscillation can only be used if Vbp > 2.7 V.

Set SELDSC when 100 u s have elapsed after having set DSCON with Vop > 2.7 V.
The internal high-speed oscillator must be operated (HIOSTOP = 0) when DSCON = 1.
If 1 MHz internal oscillation is selected by using the option byte, 20 MHz internal high-speed
oscillation cannot be used. Do not set (1) the DSCON bit.

RO1UHO019EJ0201 Rev.2.01
Sep 22, 2011

RENESAS

177



78KOR/KC3-L, 78KOR/KE3-L

CHAPTER 5 CLOCK GENERATOR

(7) Peripheral Enable register 0 (PERO0)

These registers are used to enable or disable supplying the clock to the peripheral hardware. Clock supply to the

hardware that is not used is also stopped so as to decrease the power consumption and noise.

To use the peripheral functions below, which are controlled by this register, set (1) the bit corresponding to each
function before specifying the initial settings of the peripheral functions.
¢ Real-time counter

e A/D converter

e Serial interface [ICA

e Serial array unit 0

e Serial array unit 1

e Timer array unit

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

Reset signal generation clears this register to 00H.

Figure 5-8. Format of Peripheral Enable Register 0 (PERO0) (1/2)

Address: FOOFOH  After reset: OOH R/W

real-time counter (RTC) is accessed from the CPU.

operating clock (fsus) to RTC.

Caution Be sure to clear bit 1 and 6 to 0.

Symbol 6 L4 1 o]
PERO RTCEN 0 ADCEN IICAEN SAU1EN SAUOEN 0 TAUOEN
RTCEN Control of real-time counter (RTC) input clock supply "
0 Stops input clock supply.
e SFR used by the real-time counter (RTC) cannot be written.
¢ The real-time counter (RTC) is in the reset status.
1 Enables input clock supply.
* SFR used by the real-time counter (RTC) can be read and written.
ADCEN Control of A/D converter input clock supply
0 Stops input clock supply.
e SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.
1 Enables input clock supply.
e SFR used by the A/D converter can be read and written.
IICAEN Control of serial interface IICA input clock supply
0 Stops input clock supply.
* SFR used by the serial interface IICA cannot be written.
¢ The serial interface IICA is in the reset status.
1 Enables input clock supply.
e SFR used by the serial interface IICA can be read and written.
Note The input clock that can be controlled by RTCEN is used when the register that is used by the

RTCEN cannot control supply of the
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Figure 5-8. Format of Peripheral Enable Register 0 (PERO) (2/2)

Address: FOOFOH  After reset: 0OH R/W

Symbol 6 [0
PERO RTCEN 0 ADCEN IICAEN SAU1EN SAUOEN TAUOEN
SAU1EN Control of serial array unit 1 input clock supply
0 Stops input clock supply.
o SFR used by the serial array unit 1 cannot be written.
e The serial array unit 1 is in the reset status.
1 Enables input clock supply.
e SFR used by the serial array unit 1 can be read and written.
SAUOEN Control of serial array unit 0 input clock supply
0 Stops input clock supply.
o SFR used by the serial array unit 0 cannot be written.
e The serial array unit O is in the reset status.
1 Enables input clock supply.
e SFR used by the serial array unit 0 can be read and written.
TAUOEN Control of timer array unit O input clock supply
0 Stops input clock supply.
e SFR used by timer array unit 0 cannot be written.
o Timer array unit O is in the reset status.
1 Enables input clock supply.
o SFR used by timer array unit 0 can be read and written.

Caution Be sure to clear bit 1 and 6 to 0.
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<R>(8) Operation speed mode control register (OSMC)
This register is used to reduce power consumption by stopping as many unnecessary clock functions as possible.
The FLPC and FSEL bits can be used to control the step-up circuit of the flash memory for high-speed operation.
If the microcontroller operates on a system clock of 10 MHz or more, set this register to 01B.
If the microcontroller operates at low speed on a system clock of 10 MHz or less, power consumption can be reduced,
because the voltage booster can be stopped by setting this register to its initial value, 00B. Furthermore, when CPU
operates with the system clock of 1 MHz, the power consumption can be further reduced by setting the FLPC bit to 1.
If the RTCLPC bit is set to 1 and real-time counter is operating, current consumption can be reduced, because the
circuit that synchronizes the clock to the peripheral functions, except the real-time counter, is stopped in STOP mode
and in HALT mode while subsystem clock is selected as CPU clock.
The OSMC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 5-9. Format of Operation Speed Mode Control Register (OSMC)

Address: FOOF3H After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
OSMC RTCLPC 0 0 0 0 0 FLPC FSEL
FLPC FSEL feuk frequency selection
0 0 Operates at a frequency of 10 MHz or less (default).
0 1 Operates at a frequency higher than 10 MHz.
1 0 Operates at a frequency of 1 MHz.
1 1 Setting prohibited

RTCLPC Setting in STOP mode and in HALT mode while subsystem clock is selected as CPU clock

0 Enables supply of subsystem clock to peripheral functions

(See Table 17-1 for peripheral functions whose operations are enabled.)

1 Stops supply of subsystem clock to peripheral functions other than real-time counter

Cautions 1. Write “1” to the FSEL bit before the following two operations.
e Changing the clock prior to dividing fcLk to a clock other than fix.
e Operating the DMA controller.
2. The CPU waits (140.5 clock (fcLk)) when “1” is written to the FSEL bit.
Interrupt requests issued during a wait will be suspended.
However, counting the oscillation stabilization time of fx can continue even while the
CPU is waiting.
3. To increase fck to 10 MHz or higher, set the FSEL bit to “1”, then change fcLk after
three or more clocks have elapsed.
4. To set the FSEL bit to 0, set fcLk to 10 MHz or less in advance.
. Set FSEL = 0 to shift to STOP mode while Vbp < 2.7 V.

6. The HALT mode current when STOP mode and when the subsystem clock is used
can be reduced by setting the RTCLPC bit to 1. However, no clock can be supplied
to the peripheral functions other than the real-time counter during HALT mode while
subsystem clock is selected as CPU clock. Set bit 7 (RTCEN) of peripheral enable
registers 0 (PERO), to 1, and all of bits 0 to 6 of the PERO register to 0 before setting
subsystem clock HALT mode.

7. If the FLPC bit is set to a frequency of 1 MHz or less and then set (1), it cannot be
cleared (0) or set to a frequency of more than 1 MHz.

[3)]
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(9) PLL control register (PLLC)
This register is used to set PLL operation mode.
Set PLLC using 1 bit or 8 bit memory manipulation instruction.
It turns to 1 according to the generated reset signal.

Figure 5-10. Format of PLL Control Register (PLLC)

Address:FO59CH After reset:01H R/W
Symbol 7 6 5 4 3 [0]
PLLC 0 0 0 0 0 PLLM1 PLLM PLLSTOP
PLLM1 PLLM Supply clock to PLL/PLL multiplier selection
Supply clock Multiplier selection

0 0 fux/2 8multiplier™®’

0 1 fux/4 12multiplier™"?

1 0 fux/5 12multiplier"®

1 1 One set prohibition

PLLSTOP PLL operation control
0 Operate PLL
1 Stop PLL

Note1. When fux = 12 MHz, fuss = 48 MHz.
2. When fux = 16 MHz, fuse = 48 MHz.
3. When fux = 20 MHz, fuss = 48 MHz.
Cautions 1. When using USB, set PLL supply clock without fail, at the time of initial settings
after reset.
<Setting order>
<1> Stop PLL (PLLSTOP =1)
<2> Select PLLM1, PLLM (PLLM1 = 0, PLLM = 0:When fux is 12 MHz, PLLM1 = 0,
PLLM = 1: When fuxis16 MHz, PLLM1 =1, PLLMO = 0 : When fux is20 MHz)
<3> Enable PLL operation (PLLSTOP = 0)
2. Carry out PLL oscillation start operation (PLLSTOP = 0) in USB clock (fuse) supply
stop position (UCKCNT = 0)
3. Change in settings of multiplication rate of PLL operation(PLLM, PLLM1 bit
change) is prohibited
4. At the time of PLL stop (PLLSTOP = 1) clock supply to USB function controller
(UCKCNT = 1) is prohibited.
5. At the time of clock supply to USB function controller, PLL cannot be stopped
(PLLSTOP =1).
6. Multiplication rate settings cannot be changed (PLLM, PLLM1bit change) at the time

of clock supply to USB function controller.

Remark fux : High speed system clock frequency.
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(10) USB Clock control register (UCKC)

This is a register which controls the USB clock (fuss)supplying to the USB function controller.

Set UCKC using 1 bit or 8 bit memory manipulation instruction

It turns to 00H according to the generated reset signal.

Figure 5-11 Format of USB clock control register (UCKC)

Address:FO59DH

After Reset:00H R/W

Symbol 6 5 4 3 2 1
UCKC UCKCNT 0 0 0 0 0 0
UCKCNT USB clock supply control to USB function controller
0 Stop USB clock supply

1

USB clock supply

At the time of STOP mode, release Count PLL oscillation stabilization wait time (800

us) using the software and supply clock to USB function controller when oscillation

Caution: When shifting to the STOP mode, stop clock supply to USB function controller.

stabilization wait time ends.
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (2 to 20 MHz) connected to the X1 and X2
pins.

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

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

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

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

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

When the pins are not used as input port pins, either, see Table 2-2 Connection of Unused Pins.

Figure 5-12 shows an example of the external circuit of the X1 oscillator.

Figure 5-12. Example of External Circuit of X1 Oscillator

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

1 Vss
I
1

' —

X2

External clock ———— | EXCLK

Crystal resonator
or
ceramic resonator

Cautions are listed on the next page.

5.4.2 XT1 oscillator
The XT1 oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the XT1 and XT2 pins.
To use the XT1 oscillator, set bit 4 (OSCSELS) of the clock operation mode control register (CMC) to 1.
When the XT1 oscillator is not used, set the input port mode (OSCSELS = 0).
When the pins are not used as input port pins, either, see Table 2-2 Connection of Unused Pins.
Figure 5-13 shows an example of the external circuit of the XT1 oscillator.

Figure 5-13. Example of External Circuit of XT1 Oscillator (Crystal Oscillation)

Vss

e
! 32.768
! I L

: —] |—1W XT2

Cautions are listed on the next page.

RO1UHO019EJ0201 Rev.2.01 183
Sep 22, 2011 /-{ENESAS
]



78KOR/KC3-L, 78KOR/KE3-L CHAPTER 5 CLOCK GENERATOR

Caution 1.

When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the
broken lines in the Figures 5-12 and 5-13 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.

The XT1 oscillator is a circuit with low amplification in order to achieve low-power consumption.
Note the following points when designing the circuit.

Pins and circuit boards include parasitic capacitance. Therefore, perform oscillation evaluation
using a circuit board to be actually used and confirm that there are no problems.

When using the ultra-low power consumption oscillation (AMPHS1 = 1) as the mode of the XT1
oscillator, use the recommended resonators described in CHAPTER 28 ELECTRICAL
SPECIFICATIONS.

Make the wiring between the XT1 and XT2 pins and the resonators as short as possible, and
minimize the parasitic capacitance and wiring resistance. Note this particularly when the ultra-
low power consumption oscillation (AMPHS1 = 1) is selected.

Configure the circuit of the circuit board, using material with little wiring resistance.

Place a ground pattern that has the same potential as Vss as much as possible near the XT1
oscillator.

Be sure that the signal lines between the XT1 and XT2 pins, and the resonators do not cross
with the other signal lines. Do not route the wiring near a signal line through which a high
fluctuating current flows.

The impedance between the XT1 and XT2 pins may drop and oscillation may be disturbed due
to moisture absorption of the circuit board in a high-humidity environment or dew
condensation on the board. When using the circuit board in such an environment, take
measures to damp-proof the circuit board, such as by coating.

When coating the circuit board, use material that does not cause capacitance or leakage
between the XT1 and XT2 pins.
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Figure 5-14 shows examples of incorrect resonator connection.

Figure 5-14. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT |——
Vss X1 X2 Vss X1 X2
NG
NG
T o
) )
((
s e
(c) The X1 and X2 signal line wires cross. (d) A power supply/GND pattern exists

under the X1 and X2 wires.

Vss X1 X2

Power supply/GND pattern

Note Do not place a power supply/GND pattern under the wiring section (section indicated by a broken line in the
figure) of the X1 and X2 pins and the resonators in a multi-layer board or double-sided board.
Do not configure a layout that will cause capacitance elements and affect the oscillation characteristics.

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.
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Figure 5-14. Examples of Incorrect Resonator Connection (2/2)

(e) Wiring near high alternating current (f) Current flowing through ground line of oscillator

(potential at points A, B, and C fluctuates)

Vop

Pmn
X2

P St VS PDP |
T .9 ]
T

A - _
A B TC

\ High current
77 771 M

Vs

High current

(g) Signals are fetched

Vs! X2

Vo
T

~J

e

Caution When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1, resulting in

malfunctioning.

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.
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5.4.3 Internal high-speed oscillator

The internal high-speed oscillator is incorporated in the 78KOR/KC3-L, 78KOR/KE3-L (1, 8 and 20 MHz (TYP.)).
Oscillation can be controlled by bit 0 (HIOSTOP) of the clock operation status control register (CSC) and bit 0 (DSCON) of
the 20 MHz internal high-speed oscillation control register (DSCCTL).

Caution To use the 1, 8 or 20 MHz internal high-speed oscillation clock, use the option byte to set the
frequency in advance (for details, see CHAPTER 22 OPTION BYTE). Also, the internal high-speed
oscillator automatically starts oscillating after reset release. (If 8 MHz or 20 MHz is selected by using
the option byte, the microcontroller operates using the 8 MHz internal high-speed oscillator.)To use
the 20 MHz internal high-speed oscillator to operate the microcontroller, oscillation is started by
setting bit 0 (DSCON) of the 20 MHz internal high-speed oscillation control register (DSCCTL) to 1
with Vop > 2.7 V.

5.4.4 Internal low-speed oscillator

The internal low-speed oscillator is incorporated in the 78 KOR/KC3-L, 78 KOR/KE3-L.

The internal low-speed oscillation clock is used only as the watchdog timer clock. The internal low-speed oscillation
clock cannot be used as the CPU clock.

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

The internal low-speed oscillator continues oscillation except when the watchdog timer stops. When the watchdog
timer operates, the internal low-speed oscillation clock does not stop, even in case of a program loop.

5.4.5 Prescaler
The prescaler generates a CPU/peripheral hardware clock by dividing the main system clock and subsystem clock.
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5.5 Clock Generator Operation

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

e Main system clock fmain
e High-speed system clock fwmx
X1 clock fx
External main system clock fex
¢ Internal high-speed oscillation clock fiH
e 20 MHz internal high-speed oscillation clock fiHzo
e Subsystem clock fsus
o Internal low-speed oscillation clock fiL
e CPU/peripheral hardware clock fcik
e USB clock fuse

The CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the78 KOR/KC3-
L, 78KOR/KE3-L.When the power supply voltage is turned on; the clock generator operation is shown in Figure 5-15 and
Figure 5-16.

RO1UHO019EJ0201 Rev.2.01 188
Sep 22, 2011 /{ENESAS
]



78KOR/KC3-L, 78KOR/KE3-L CHAPTER 5 CLOCK GENERATOR

<R> Figure 5-15. Clock Generator Operation When Power Supply Voltage Is Turned On
(When LVI Default Start Function Stopped Is Set (Option Byte: LVIOFF = 1))

Power supply
voltage (VDD)

161V
(TYP.) _

oV (MIN.)

<1>:

Internal reset signal 4,

Switched by
Reset processing h software ﬁ
(2.12t0 5.84 ms) SELDSC =1
,_LJ <5> <5>

:<3> <5>

CPU dlock : i/ 1 or 8 MHz intemal high- \~ 20 MHz intemal high- ™, /1 or 8 MHz intemal high-\,/~_ High-speed Subsystem
: ‘\__speed oscillation clock /', speed oscillation clock,\ speed oscillation clock_/:\_system clock clock
<2> : i

Internal high-speed
oscillation clock (fi+)

High-speed

system clock (fux)
(when X1 oscillation
selected)

' X1 clock
Starting X1 oscillation | oscillation stabilization time
1 is specified by software. J

Note 2
4
20 MHz internal <=

high-speed
oscillation clock (fitzo)

20 MHz intemal high-speed oscillation clock

, oscillation stabilization time : 100 us
DSCON=1 |

Subsystem clock (fsus) is set by software.
(when XT1 oscillation <4> ’—|
selected)

Starting XT1 oscillation
is specified by software.

<1> When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.
<2> When the power supply voltage exceeds 1.61 V (TYP.), the reset is released and the internal high-speed
oscillator "*'** automatically starts oscillation.

<3> The CPU starts operation on the internal high-speed oscillation clock Note

® after a reset processing such as waiting
for the voltage of the power supply or regulator to stabilize has been performed after reset release.

<4> Set the start of oscillation of the X1 or XT1 clock via software (see (1) in 5.6.1 Example of controlling high-
speed system clock and (1) in 5.6.3 Example of controlling subsystem clock).
Switch to oscillation using the 20 MHz internal high-speed oscillation clock after confirming that the power supply
voltage is at least 2.7 V and setting the DSCON bit to 1 by using software.

<5> When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see (3) in 5.6.1 Example of controlling high-speed system clock and (2) in 5.6.3
Example of controlling subsystem clock).
Switch to the 20 MHz internal high-speed oscillation clock by setting the DSCON bit (bit 0 of the 20 MHz internal
high-speed oscillation control register (DSCCTL)), waiting for 100 us, and then setting the SELDSC bit to 1 by
using software "***,

(Notes and Cautions are listed on the next page.)
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Notes 1. The internal reset processing time includes the oscillation accuracy stabilization time of the internal high-
speed oscillation clock.

2. When releasing a reset, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC).

3. The microcontroller operates on the 8 MHz internal high-speed oscillation clock if 8 MHz or 20 MHz is
selected for the internal high-speed oscillator by using the option byte or on the 1 MHz internal high-speed
oscillation clock if 1 MHz is selected.

4. If the internal high-speed oscillator is set to 1 MHz by using the option byte, the 20 MHz internal high-speed
oscillation clock cannot be used.

Cautions 1. If the voltage rises with a slope of less than 0.5 V/ms (MIN.) from power application until the
voltage reaches 1.8 V, input a low level to the RESET pin from power application until the voltage
reaches 1.8 V, or set the LVI default start function stopped by using the option byte (LVIOFF = 0)
(see Figure 5-16). By doing so, the CPU operates with the same timing as <2> and thereafter in
Figure 5-15 after reset release by the RESET pin.
2. It is not necessary to wait for the oscillation stabilization time when an external clock input from
the EXCLK pin is used.
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<R> Figure 5-16. Clock Generator Operation When Power Supply Voltage Is Turned On
(When LVI Default Start Function Enabled Is Set (Option Byte: LVIOFF = 0))

Power supply
voltage (VDD)

oV
<1>
Internal reset signal l Switched by
1 ) software
! Reset processing SELDSC < 1
3 / : (195 to 341 us) <5> - <5 5>
CPU clock i <3> /T or8 MHzintermal high- \."” 20 MHz intemal high- *, /1 or 8 MHz intemal high-\,/High-speed Subsystem
' ‘\_speed oscillation clock /', speed oscillation clock, "\ speed oscillation clock /:\_system clock clock
3<2> ' 3
Internal high-speed i ‘
oscillation clock (fi) ; ;
Note 1 | ;
High-speed '
system clock (fux) <4>
(when X1 oscillation H

selected) X1 clock

Starting X1 oscillation | oscillation stabilization time
1 is specified by software. J

Note 2

<4>

20 MHz internal
high-speed
oscillation clock (fitzo)

20 MHz intemal high-speed oscillation clock

, oscillation stabilization time : 100 us
DSCON=1 |

Subsystem clock (fsus) is set by software.
(when XT1 oscillation <4> ’—|
selected)

Starting XT1 oscillation
is specified by software.

<1> When the power is turned on, an internal reset signal is generated by the low-voltage detector (LVI) circuit.

<2> When the power supply voltage exceeds 2.07 V (TYP.), the reset is released and the internal high-speed
oscillator "*** automatically starts oscillation.

<3> After the reset is released and reset processing is performed, the CPU starts operation on the internal high-speed
oscillation clock "**°.

<4> Set the start of oscillation of the X1 or XT1 clock via software (see (1) in 5.6.1 Example of controlling high-
speed system clock and (1) in 5.6.3 Example of controlling subsystem clock).
Switch to oscillation using the 20 MHz internal high-speed oscillation clock after setting the DSCON bit to 1 by
using software.

<5> When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see (3) in 5.6.1 Example of controlling high-speed system clock and (2) in 5.6.3
Example of controlling subsystem clock).
Switch to the 20 MHz internal high-speed oscillation clock after confirming that the power supply voltage is at
least 2.7 V, setting the DSCON bit (bit 0 of the 20 MHz internal high-speed oscillation control register (DSCCTL)),
waiting for 100 us, and then setting the SELDSC bit to 1 by using software "*°*.

(Notes and Cautions are listed on the next page.)
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Notes 1.

The internal reset processing time includes the oscillation accuracy stabilization time of the internal high-
speed oscillation clock.

When releasing a reset, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC).

The microcontroller operates on the 8 MHz internal high-speed oscillation clock if 8 MHz or 20 MHz is
selected for the internal high-speed oscillator by using the option byte or on the 1 MHz internal high-speed
oscillation clock if 1 MHz is selected.

If the internal high-speed oscillator is set to 1 MHz by using the option byte, the 20 MHz internal high-speed
oscillation clock cannot be used.

Cautions 1. A voltage stabilization time (about 2.12 to 5.84 ms) is required after the supply voltage reaches

1.61 V (TYP.). If the time for the supply voltage to rise from 1.61 V (TYP.) to 2.07 V (TYP.) is
shorter than the voltage stabilization time, reset processing is entered after the voltage
stabilization time elapses.

2. It is not necessary to wait for the oscillation stabilization time when an external clock input from

the EXCLK pin is used.

RO1UHO019EJ0201 Rev.2.01 192

Sep 22, 2011

RENESAS



78KOR/KC3-L, 78KOR/KE3-L CHAPTER 5 CLOCK GENERATOR

5.6 Controlling Clock

5.6.1 Example of controlling high-speed system clock
The following two types of high-speed system clocks are available.
e X1 clock: Crystal/ceramic resonator is connected to the X1 and X2 pins.
o External main system clock: External clock is input to the EXCLK pin.

When the high-speed system clock is not used, the X1/P121 and X2/EXCLK/P122 pins can be used as input port pins.
Caution The X1/P121 and X2/EXCLK/P122 pins are in the input port mode after a reset release.

The following describes examples of setting procedures for the following cases.
(1) When oscillating X1 clock

(2) When using external main system clock

(3) When using high-speed system clock as CPU/peripheral hardware clock

(4) When stopping high-speed system clock

(1) Example of setting procedure when oscillating the X1 clock
<1> Setting P121/X1 and P122/X2/EXCLK pins and setting oscillation frequency (CMC register)
e 2 MHz <fx <10 MHz

EXCLK OSCSEL 0 OSCSELS 0 AMPHS1 | AMPHSO AMPH
0 1 0 0/1 0 0/1 0/1 0

¢ 10 MHz < fx £ 20 MHz

EXCLK OSCSEL 0 OSCSELS 0 AMPHS1 | AMPHSO AMPH
0 1 0 0/1 0 0/1 0/1 1

Remarks 1. x: X1 clock oscillation frequency
2. For setting of the P123/XT1 and P124/XT2 pins, see 5.6.3 [Example of controlling
subsystem clock.

<2> Controlling oscillation of X1 clock (CSC register)
If MSTOP is cleared to 0, the X1 oscillator starts oscillating.

<3> Waiting for the stabilization of the oscillation of X1 clock
Check the OSTC register and wait for the necessary time.
During the wait time, other software processing can be executed with the internal high-speed oscillation clock.

Cautions 1. The CMC register can be written only once after reset release, by an 8-bit memory
manipulation instruction.
Therefore, it is necessary to also set the value of the OSCSELS bit at the same time. For
OSCSELS bit, see 5.6.3 Example of controlling subsystem clock.
2. Set the X1 clock after the supply voltage has reached the operable voltage of the clock to be
used (see CHAPTER 28 ELECTRICAL SPECIFICATIONS).
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(2) Example of setting procedure when using the external main system clock
<1> Setting P121/X1 and P122/X2/EXCLK pins (CMC register)

EXCLK

OSCSEL

0

OSCSELS

0

AMPHS1 | AMPHSO

AMPH

1

1

0

0/1

0

0/1 0/1

0/1

Remark For setting of the P123/XT1 and P124/XT2 pins, see 5.6.3 (1) Example of setting procedure

when oscillating the subsystem clock.

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

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

manipulation instruction.

Therefore, it is necessary to also set the value of the OSCSELS bits at the same time. For
OSCSELS bits, see 5.6.3 Example of controlling subsystem clock.
2. Set the external main system clock after the supply voltage has reached the operable voltage
of the clock to be used (see CHAPTER 28 ELECTRICAL SPECIFICATIONS).

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

Note

(See 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of setting
procedure when using the external main system clock.)

Note The setting of <1> is not necessary when high-speed system clock is already operating.

<2> Setting the high-speed system clock as the source clock of the CPU/peripheral hardware clock and setting

the division ratio of the set clock (CKC register)

MCMO MDIV2 MDIV1 MDIVO Selection of CPU/Peripheral
Hardware Clock (fcik)
1 0 0 0 fmx
0 0 1 fux/2
0 1 0 fux/2®
0 1 1 fux/2°
1 0 0 fux/2*
1 0 1 fux/2°""

Note Setting is prohibited when fux < 4 MHz.
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<3> If some peripheral hardware macros are not used, supply of the input clock to each hardware macro can be

stopped.
(PERQO register)
| RTCEN ‘ 0 ‘ ADCEN IICAEN SAU1EN | SAUOEN 0 TAUOEN
xxxEN Input clock control
0 Stops input clock supply.
1 Supplies input clock.

Caution Be sure to clear bit 6 to 0.

Remark RTCEN: Control of the real-time counter input clock
ADCEN: Control of the A/D converter input clock
IICAEN: Control of the serial interface 1ICA input clock
SAU1EN:  Control of the serial array unit 1 input clock
SAUOEN:  Control of the serial array unit 0 input clock
TAUOEN:  Control of the timer array unit 0 input clock

(4) Example of setting procedure when stopping the high-speed system clock
The high-speed system clock can be stopped (disabling clock input if the external clock is used) in the following two
ways.
¢ Executing the STOP instruction
¢ Setting MSTOP to 1

(a) To execute a STOP instruction
<1> Setting to stop peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that cannot be
used in STOP mode, see CHAPTER 17 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after STOP mode is released
If the X1 clock oscillates before the STOP mode is entered, set the value of the OSTS register before
executing the STOP instruction.

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

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock or 20 MHz internal high-speed
oscillation clock
0 1 High-speed system clock
1 X Subsystem clock

<2> Setting of X1 clock oscillation stabilization time after restart of X1 clock oscillation"*®
Prior to setting "1" to MSTOP, set the OSTS register to a value greater than the count value to be
confirmed with the OSTS register after X1 clock oscillation is restarted.

<3> Stopping the high-speed system clock (CSC register)
When MSTOP is set to 1, X1 oscillation is stopped (the input of the external clock is disabled).

Note This setting is required to resume the X1 clock oscillation when the high-speed system clock is in the X1
oscillation mode.

This setting is not required in the external clock input mode.

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

5.6.2 Example of controlling internal high-speed oscillation clock

The following describes examples of clock setting procedures for the following cases.
(1) When restarting oscillation of the internal high-speed oscillation clock

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

(1) Example of setting procedure when restarting oscillation of the internal high-speed oscillation clock"*
<1> Setting restart of oscillation of the internal high-speed oscillation clock (CSC register)
When HIOSTORP is cleared to 0, the internal high-speed oscillation clock restarts oscillation.

Note After a reset release, the internal high-speed oscillator automatically starts oscillating and the internal high-
speed oscillation clock is selected as the CPU/peripheral hardware clock.

(2) Example of setting procedure when using internal high-speed oscillation clock as CPU/peripheral
hardware clock

<1> Restarting oscillation of the internal high-speed oscillation clock "™
(See 5.6.2 (1) Example of setting procedure when restarting internal high-speed oscillation clock).

Note The setting of <1> is not necessary when the internal high-speed oscillation clock is operating.
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<2> Setting the internal high-speed oscillation clock as the source clock of the CPU/peripheral hardware clock and
setting the division ratio of the set clock (CKC register)

MCMO MDIV2 MDIV1 MDIVO Selection of CPU/Peripheral
Hardware Clock (fcik)
0 0 0 0 fiH
0 0 1 fin/2
0 1 0 fin/2?
0 1 1 fin/2°
1 0 0 fin/2*
1 0 1 fin/2°
Caution If switching the CPU/peripheral hardware clock from the high-speed system clock to the

(3) Example of setting procedure when stopping the internal high-speed oscillation clock

internal high-speed oscillation clock after restarting the internal high-speed oscillation
clock, do so after 10 us or more have elapsed.
If the switching is made immediately after the internal high-speed oscillation clock is
restarted, the accuracy of the internal high-speed oscillation cannot be guaranteed for 10 us.

The internal high-speed oscillation clock can be stopped in the following two ways.
e Executing the STOP instruction
e Setting HIOSTOP to 1

(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 17 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after STOP mode is released
If the X1 clock oscillates before the STOP mode is entered, set the value of the OSTS register before

executing the STOP instruction.

<3> Executing the STOP instruction

When the STOP instruction is executed, the system is placed in the STOP mode and internal high-speed
oscillation clock is stopped.

(b) To stop internal high-speed oscillation clock by setting HIOSTOP to 1
<1> Confirming the CPU clock status (CKC register)

Confirm with CLS and MCS that the CPU is operating on a clock other than the internal high-speed

oscillation clock.

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

the CPU clock to the high-speed system clock or subsystem clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock or 20 MHz internal high-speed
oscillation clock
0 1 High-speed system clock
1 X Subsystem clock
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<2> Stopping the internal high-speed oscillation clock (CSC register)
When HIOSTORP is set to 1, internal high-speed oscillation clock is stopped.

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

5.6.3 Example of controlling subsystem clock
The subsystem clock can be oscillated by connecting a crystal resonator to the XT1 and XT2 pins.
When the subsystem clock is not used, the XT1/P123 and XT2/P124 pins can be used as input port pins.

Caution The XT1/P123 and XT2/P124 pins are in the input port mode after a reset release.

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

(2) When using subsystem clock as CPU clock

(3) When stopping subsystem clock

Caution When the subsystem clock is used as the CPU clock, the subsystem clock is also supplied to the
peripheral hardware (except the real-time counter, clock output/buzzer output, and watchdog timer).
At this time, the operations of the A/D converter and IICA are not guaranteed. For the operating
characteristics of the peripheral hardware, refer to the chapters describing the various peripheral
hardware as well as CHAPTER 28 ELECTRICAL SPECIFICATIONS.

(1) Example of setting procedure when oscillating the subsystem clock
<1> Setting P123/XT1 and P124/XT2 pins (CMC register)

EXCLK OSCSEL 0 OSCSELS 0 AMPHS1 | AMPHSO AMPH
0/1 0/1 0 1 0 0/1 0/1 0/1

Remark For setting of the P121/X1 and P122/X2 pins, see 5.6.1 Example of controlling high-speed
system clock.

<2> Controlling oscillation of subsystem clock (CSC register)
If XTSTOP is cleared to 0, the XT1 oscillator starts oscillating.

<3> Waiting for the stabilization of the subsystem clock oscillation
Wait for the oscillation stabilization time of the subsystem clock by software, using a timer function.

Caution The CMC register can be written only once after reset release, by an 8-bit memory manipulation
instruction.
Therefore, it is necessary to also set the value of the EXCLK and OSCSEL bits at the same time.
For EXCLK and OSCSEL bits, see 5.6.1 (1) Example of setting procedure when oscillating the X1
clock or 5.6.1 (2) Example of setting procedure when using the external main system clock.
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(2) Example of setting procedure when using the subsystem clock as the CPU clock

Note

<1> Setting subsystem clock oscillation
(See 5.6.3 (1) Example of setting procedure when oscillating the subsystem clock.)

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

<2> Setting the subsystem clock as the source clock of the CPU clock (CKC register)

CSS Selection of CPU/Peripheral Hardware Clock (fcik)
1 fsus/2

Caution When the subsystem clock is used as the CPU clock, the subsystem clock is also supplied to the
peripheral hardware (except the real-time counter, clock output/buzzer output, and watchdog
timer). At this time, the operations of the A/D converter and IICA are not guaranteed. For the
operating characteristics of the peripheral hardware, refer to the chapters describing the various
peripheral hardware as well as CHAPTER 28 ELECTRICAL SPECIFICATIONS.

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

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock or 20 MHz internal high-speed
oscillation clock
0 1 High-speed system clock
1 X Subsystem clock

<2> Stopping the subsystem clock (CSC register)
When XTSTORP is set to 1, subsystem clock is stopped.

Cautions 1. Be sure to confirm that CLS = 0 when setting XTSTOP to 1. In addition, stop the peripheral
hardware if it is operating on the subsystem clock.
2. The subsystem clock oscillation cannot be stopped using the STOP instruction.
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5.6.4 Example of controlling internal low-speed oscillation clock

The internal low-speed oscillation clock cannot be used as the CPU clock. Used only as the watchdog timer clock.

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

The internal low-speed oscillator continues oscillation except when the watchdog timer stops. When the watchdog
timer operates, the internal low-speed oscillation clock does not stop even in case of a program loop.

(1) Example of setting procedure when stopping the internal low-speed oscillation clock
The internal low-speed oscillation clock can be stopped in the following two ways.
e Stop the watchdog timer in the HALT/STOP mode by the option byte (bit 0 (WDSTBYON) of 000COH = 0), and
execute the HALT or STOP instruction.
¢ Stop the watchdog timer by the option byte (bit 4 (WDTON) of 000COH = 0).

(2) Example of setting procedure when restarting oscillation of the internal low-speed oscillation clock
The internal low-speed oscillation clock can be restarted as follows.
¢ Release the HALT or STOP mode
(only when the watchdog timer is stopped in the HALT/STOP mode by the option byte (bit 0 (WDSTBYON) of
000COH) = 0) and when the watchdog timer is stopped as a result of execution of the HALT or STOP instruction).
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5.6.5 USB

Clock control

The USB function controller clock (fuse = 48 MHz) uses the division clock of the main system clock frequency (fmain)

by multiplying it by PLL.

* When USB clock is provided from fux = 12/16/20 MHz (Setting method example)

<1> Set PLLSTOP to 1 (PLLC Register)
Set PLLSTORP to 1, and stop PLL operation.

<2> Set PLLM to 0/1 (PLLC Register)
When fmain = 12 MHz, set PLLM to 0, and select 8 multiplier.
When fmain = 16 MHz, set PLLM to 1, and select 12 multiplier.
When fuain = 20 MHz, set PLLM1 to 1, and select 12 multiplier.

<3> Set PLLSTOP to 0 (PLLC Register)
PLL operation starts when PLLSTOP is set to 0.

<4> PLL Oscillation stabilization wait

800 us wait using software. Other software processes can be carried out during wait.

<5> Set UCKCNT to 1 (UCKC Register)
USB function controller clock supply starts when UCKCNT is set to 1

<Control flow>

PLL operation stop (PLLSTOP =1)

Set
When fMAIN =12 MHz ... PLLM =0
When fMAIN = 16 MHz ... PLLM =1
When fMAIN =20 MHz ... PLLM1 =1

PLL operation start (PLLSTOP = 0)

Oscillation stabilization wait (800 us)

Clock supply (UCKCNT = 1)
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5.6.6 CPU clock status transition diagram
Figure 5-17 shows the CPU clock status transition diagram of this product.

Figure 5-17. CPU Clock Status Transition Diagram

Voo < 1.61 V+0.09 V

Vop > 1.61 V+0.09 V

Internal high-speed oscillation: Operating

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

DSC oscillation: Stops

<R>

Internal high-speed oscillation: Woken up

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

DSC oscillation: Stops

eset release

Internal high-speed
oscillation: Stops

X1 oscillation/EXCLK
input: Stops

XT1 oscillation: Oscillatable

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

Internal high-speed oscillation:

Selectable by CPU CPU: Operating
X1 oscillation/EXCLK input: Selectable by CPU with internal high- (H)
XT1 oscillation: Selectable by CPU 9
Cannot be selected by CPU speed oscillatiol \ PU: Internal high-

DSC oscillation: Selectable by CPU

speed oscillation
— STOP

XT1 oscillation:
Cannot be selected by CPU
DSC oscillation: Operating

CPU:

CPU:
DSC oscillation

Operating with
Internal high-speed oscillation: | (J) \DSC oscillation (E) DSC oscillation: Stops
Oscillatable -
X1 oscillation/EXCLK input: Notes 2,3 CPU: Intenal high-
Oscillatable ’ (D) X speed oscillation Internal high-speed oscillation:
CPU: () Operating
XT1 oscillation: Oscillatable Operating with - ot ; .
DSC oscillation: Operating (K) XT1 oscillation / ~—. /7~ CPU: Operating X1 QSCIllatlon/EXCLK input:
with X1 oscillation or Oscillatable

EXCLK

Internal high-speed oscillation:

XT1 oscillation: Oscillatable

input
DSC oscillation: Stops

— HALT
Selectable by CPU
X1 oscillation/EXCLK input: oscillation/EXCLK
Selectable by CPU input » STOP
CPU: XT1 oscﬂlatlpn: Operating Internal high-speed oscillation:
XT1 oscillation DSC oscillation: Stops oscillation/EXCLK Stops
— HALT input - HALT X1 oscillation/EXCLK input:
Stops

/|

Internal high-speed
oscillation: Selectable by CPU

Oscillatable

Oscillatable
XT1 oscillation: Operating

Internal high-speed oscillation:

X1 oscillation/EXCLK input:

X1 oscillation/EXCLK input:
Operating

XT1 oscillation:

Selectable by CPU

DSC oscillation: Stops

XT1 oscillation: Oscillatable

Internal high-speed DSC oscillation: Stops

oscillation: Oscillatable

X1 oscillation/EXCLK input:
Operating

XT1 oscillation: Oscillatable
DSC oscillation: Stops

DSC oscillation: Stops

Notes 1. After reset release, operation at 4 MHz (8 MHz/2) is started, because fcLk = fiH/2 has been selected by
setting the system clock control register (CKC) to 09H.
* When 1 MHz has been selected by using the option byte: 500 kHz (1 MHz/2)
¢ When 8 MHz or 20 MHz has been selected by using the option byte: 4 MHz (8 MHz/2)
<R> 2. Specify 20 MHz internal oscillation after checking that Voo is at least 2.7 V.
<R> 3. 20 MHz internal oscillation cannot be used if 1 MHz internal oscillation is selected by using the option byte.

Remarks 1. If the low-power-supply detector (LVI) is set to ON by default by the option bytes, the reset will not be
released until the power supply voltage (Vop) exceeds 2.07 V0.2 V.
After the reset operation, the status will shift to (B) in the above figure.
2. DSC: 20 MHz internal high-speed oscillation clock
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Table 5-4 shows transition of the CPU clock and examples of setting the SFR registers.

Table 5-4 CPU Clock Transition and SFR Register Setting Examples (1/6)

(1) CPU operating with internal high-speed oscillation clock (B) after reset release (A)

Status Transition SFR Register Setting

(A) — (B) SFR registers do not have to be set (default status after reset release).

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

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC Register™*’ CSsC OosMmC 0OSTC CKC
Register | Register | Register | Register
Status Transition EXCLK | OSCSEL | AMPH | MSTOP FSEL MCMO
(A) > (B) - (C) 0 1 0 0 0 Must be 1
(X1 clock: 2 MHz < fx < 10 MHz) checked
(A) - (B) - (C) 0 1 1 0 "2 | Must be 1
(X1 clock: 10 MHz < fx <20 MHz) checked
<R>| (&) —» (B) > (C) 1 1 X 0 0/1"** | Must not 1
(external main clock) be
checked

Notes 1. The CMC register can be written only once by an 8-bit memory manipulation instruction after reset
release.
2. FSEL =1 when fcik > 10 MHz
If a divided clock is selected and fcik < 10 MHz, use with FSEL = 0 is possible even if fx > 10 MHz.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 28 ELECTRICAL SPECIFICATIONS).

Remark x: don’t care

(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 CMC Register™* CSC  |Waiting for Oscillation| CKC
Register Stabilization Register
Status Transition OSCSELS| AMPHS1 | AMPHSO | XTSTOP CSS
(A) - (B) — (D) 1 on on 0 Must be checked 1

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

Remark (A) to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-17.
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Table 5-4 CPU Clock Transition and SFR Register Setting Examples (2/6)

(4) CPU operating with 20 MHz internal high-speed oscillation clock (J) 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 [ DSCCTL Register " Waiting for Oscillation DSCCTL Register
Status Transition DSCON Stabilization SELDSC
(A)—>B)—> () 1 Necessary 1
(100 4ss)

Note Check that Voo > 2.7 V and set DSCON = 1.

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

(Setting sequence of SFR registers)
Setting Flag of SFR Register CMC Register "' OSTS CSsC OSMC | OSTC CKC
Register | Register | Register | Register | Register
Status Transition EXCLK | OSCSE | AMPH MSTOP | FSEL MCMo
L
(B) = (C) 0 1 0 Note 2 0 0 Must be 1
(X1 clock: 2 MHz < fx < 10 MHz) checked
(B) = (C) 0 1 1 Note 2 0 1% | Must be 1
(X1 clock: 10 MHz < fx < 20 MHz) checked
<R>| (B)— (C) 1 1 x Note 2 0 0/1%** | Mustnot | 1
(external main clock) be
checked

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

Notes 1. The CMC register can be changed only once after reset release. This setting is not necessary if it has
already been set.
2. Set the oscillation stabilization time as follows.
¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time set by OSTS
3. FSEL =1 when fcik > 10 MHz
If a divided clock is selected and fcik < 10 MHz, use with FSEL = 0 is possible even if fx > 10 MHz.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 28 ELECTRICAL SPECIFICATIONS).

Remarks 1. x: don'’t care
2. (A) to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-17.
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Table 5-4 CPU Clock Transition and SFR Register Setting Examples (3/6)

(6) CPU clock changing from internal high-speed oscillation clock (B) to subsystem clock (D)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register | CMC Register"™*® CSC Register Waiting for CKC Register
OSCSELS XTSTOP Oscillation css
Status Transition Stabilization
(B) = (D) 1 0 Necessary 1

Unnecessary if the CPU is operating
with the subsystem clock

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

(7) CPU clock changing from internal high-speed oscillation clock (B) to 20 MHz internal high-speed oscillation
clock (J)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register

Status Transition

DSCCTL Register*™

DSCON

Waiting for Oscillation

DSCCTL Register

Stabilization

SELDSC

(B)—> () 1 Necessary (100 us) 1

Unnecessary if the CPU is operating with the 20 MHz
internal high-speed oscillation clock

Note Check that Vop >2.7 V and set DSCON = 1.

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

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register CSC Register

HIOSTOP

Oscillation accuracy
stabilization time

CKC Register
MCMO

Status Transition

() - B 0 10 us 0

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

Remark (A) to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-17.
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Table 5-4 CPU Clock Transition and SFR Register Setting Examples (4/6)

(9) CPU clock changing from high-speed system clock (C) to subsystem clock (D)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register CSC Register Waiting for Oscillation CKC Register
Status Transition
(C) -» (D) 0 Necessary 1

Unnecessary if the CPU is operating with the
subsystem clock

(10) CPU clock changing from subsystem clock (D) to internal high-speed oscillation clock (B)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CSC Register CKC Register
Status Transition HIOSTOP MCMO CSS
(D) — (B) 0 0 0
' e
Unnecessary if the CPU Unnecessary if this
is operating with the register is already set
internal high-speed
oscillation clock
Remark (A) to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-17.
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Table 5-4 CPU Clock Transition and SFR Register Setting Examples (5/6)

(11) CPU clock changing from subsystem clock (D) to high-speed system clock (C)

(Setting sequence of SFR registers)

v

efting Flag of SFR Register OSTS CSC Register OSMC OSTC Register CKC Register
Register Register

Status Transition MSTOP FSEL MCMO CSS
(D) — (C) (X1 clock: 2 MHz < Note 1 0 0 Must be checked 1 0
fx <10 MHz)
(D) — (C) (X1 clock: 10 MHz < Note 1 0 o Must be checked 1 0
fx <20 MHz)

<R>| (D) — (C) (external main Note 1 0 0/1"e? Must not be 1 0
clock) checked

ﬂ_/

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

Notes 1. Set the oscillation stabilization time as follows.
¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time set by OSTS
2. FSEL =1 when fcik > 10 MHz
If a divided clock is selected and fcik < 10 MHz, use with FSEL = 0 is possible even if fx > 10 MHz.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 28 ELECTRICAL SPECIFICATIONS).

(12) CPU clock changing from 20 MHz internal high-speed oscillation clock (J) to internal high-speed oscillation

clock (B)
(Setting sequence of SFR registers) >
Setting Flag of SFR Register DSCCTL Register
Status Transition SELDSC DSCON
(J) = (B) 0 0
Remark (A) to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-17.
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Table 5-4 CPU Clock Transition and SFR Register Setting Examples (6/6)

(13) « HALT mode (E) set while CPU is operating with internal high-speed oscillation clock (B)
e HALT mode (F) set while CPU is operating with high-speed system clock (C)
e HALT mode (G) set while CPU is operating with subsystem clock (D)
e HALT mode (K) set while CPU is operating with 20 MHz internal high-speed oscillation clock (J)

Status Transition

Setting

B) - (E)
C)—(F)
D) - (G)
J) - (K)

(
(
(
(

Executing HALT instruction

(14) ¢« STOP mode (H) set while CPU is operating with internal high-speed oscillation clock (B)
e STOP mode (l) set while CPU is operating with high-speed system clock (C)

(Setting sequence)

v

In X1 oscillation

Status Transition Setting
(B) = (H) Stopping peripheral - Executing STOP
) = (I) In X1 stop functions that cannot Sets the OSTS instruction
operate in STOP mode register

Remark (A) to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-17.
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5.6.7 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 5-5 Changing CPU Clock (1/2)

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Internal high- X1 clock Stabilization of X1 oscillation Operating current can be reduced by

speed oscillation
clock

¢ OSCSEL =1, EXCLK =0, MSTOP =0
o After elapse of oscillation stabilization time

External main
system clock

Enabling input of external clock from
EXCLK pin
¢ OSCSEL =1, EXCLK = 1, MSTOP =0

Subsystem clock

Stabilization of XT1 oscillation
¢ OSCSELS =1, XTSTOP =0
o After elapse of oscillation stabilization time

stopping internal high-speed oscillator
(HIOSTOP = 1).

20 MHz internal
high-speed
oscillation clock

Stabilization of DSC oscillation with 20 MHz

set by using the option byte

Vo0 >27V

o After elapse of oscillation stabilization
time (100 us) after setting to DSCON = 1

¢ SELDSC =1

X1 clock

Internal high-
speed oscillation
clock

Oscillation of internal high-speed oscillator
¢ HIOSTOP =0

X1 oscillation can be stopped (MSTOP = 1).

External main
system clock

Transition not possible
(To change the clock, set it again after
executing reset once.)

Subsystem clock

Stabilization of XT1 oscillation
¢ OSCSELS =1, XTSTOP =0
o After elapse of oscillation stabilization time

X1 oscillation can be stopped (MSTOP = 1).

20 MHz internal
high-speed
oscillation clock

Transition cannot be performed unless the
clock is changed to the internal high-speed
oscillation clock once.

External main
system clock

Internal high-
speed oscillation
clock

Oscillation of internal high-speed oscillator
¢ HIOSTOP =0

External main system clock input can be
disabled (MSTOP = 1).

X1 clock

Transition not possible
(To change the clock, set it again after
executing reset once.)

Subsystem clock

Stabilization of XT1 oscillation
¢ OSCSELS =1, XTSTOP =0
o After elapse of oscillation stabilization time

External main system clock input can be
disabled (MSTOP = 1).

20 MHz internal
high-speed
oscillation clock

Transition cannot be performed unless the
clock is changed to the internal high-speed
oscillation clock once.
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Table 5-5 Changing CPU Clock (2/2)

speed oscillation
clock

and selection of internal high-speed
oscillation clock as main system clock
¢ HIOSTOP =0, MCS =0

X1 clock

Stabilization of X1 oscillation and selection
of high-speed system clock as main system
clock

¢ OSCSEL =1, EXCLK =0, MSTOP =0

o After elapse of oscillation stabilization time
¢ MCS =1

External main
system clock

Enabling input of external clock from EXCLK
pin and selection of high-speed system clock
as main system clock

¢ OSCSEL =1, EXCLK = 1, MSTOP =0

e MCS =1

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Subsystem clock | Internal high- Oscillation of internal high-speed oscillator XT1 oscillation can be stopped (XTSTOP =

1)

20 MHz internal
high-speed
oscillation clock

Transition cannot be performed unless the
clock is changed to the internal high-speed
oscillation clock once.

20 MHz internal
high-speed
oscillation clock

Internal high-
speed oscillation
clock

¢ SELDSC =0
(Set when changing the clock.)

20 MHz internal high-speed oscillation clock
can be stopped (DSCON = 0)

X1 clock

Transition cannot be performed unless the
clock is changed to the internal high-speed
oscillation clock once.

External main
system clock

Transition cannot be performed unless the
clock is changed to the internal high-speed
oscillation clock once.

Subsystem clock

Transition cannot be performed unless the
clock is changed to the internal high-speed
oscillation clock once.
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5.6.8 Time required for switchover of CPU clock and main system clock

By setting bits 0 to 2, 4, and 6 (MDIVO to MDIV2, MCMO, CSS) of the system clock control register (CKC), the CPU
clock can be switched (between the main system clock and the subsystem clock), main system clock can be switched
(between the internal high-speed oscillation clock and the high-speed system clock), and the division ratio of the main
system clock can be changed.

The actual switchover operation is not performed immediately after rewriting to CKC; operation continues on the pre-
switchover clock for several clocks (see Table 5-6 to Table 5-9).

Whether the CPU is operating on the main system clock or the subsystem clock can be ascertained using bit 7 (CLS) of
CKC. Whether the main system clock is operating on the high-speed system clock or internal high-speed oscillation clock
can be ascertained using bit 5 (MCS) of CKC.

When the CPU clock is switched, the peripheral hardware clock is also switched.

Table 5-6. Maximum Time Required for Main System Clock Switchover

Clock A Switching directions Clock B Remark
fman <+——> fmain See Table 5-7
(changing the division ratio)
fir <+“—> fux See Table 5-8
fmain <+“—> fsus See Table 5-9

Table 5-7. Maximum Number of Clocks Required for fuain <5 fuain (Changing the Division Ratio)

Set Value Before Switchover Set Value After Switchover
Clock A Clock B
Clock A 1 + fa/fs clock
Clock B 1 + fa/fa clock

Table 5-8. Maximum Number of Clocks Required for fit <> fux

Set Value Before Switchover Set Value After Switchover
MCMO MCMO
0 1
(fmain = fin) (fmain = fmx)

0 fmx>fin 1 + fin/fmx clock
(fain = fin) fux<fin 2fwfux clock

1 fmx=>fin 2fmx/fin clock
(fuain = fix) fux<fin 1 + fu/fis clock

(Remarks are listed on the next page.)

RO1UHO019EJ0201 Rev.2.01 211
Sep 22, 2011 /-{ENESAS
]



78KOR/KC3-L, 78KOR/KE3-L CHAPTER 5 CLOCK GENERATOR

<R> Table 5-9. Maximum Number of Clocks Required for fuain < fsus
Set Value Before Switchover Set Value After Switchover
CSS CSss
0 1
(fek = fmain) (fek = fsus)
0 1 + 2fwan/fsue clock

(fek = fmain)

1 2 + fsus/fwain clock

(feik = fsus)

Remarks 1. The number of clocks listed in Table 5-7 to Table 5-9 is the number of CPU clocks before switchover.
2. Calculate the number of clocks in Table 5-7 to Table 5-9 by removing the decimal portion.

Example When switching the main system clock from the internal high-speed oscillation clock to the
high-speed system clock (@ oscillation with fiH = 8 MHz, fux = 10 MHz)
1+ fw/fux=1+8/10=1+0.8=1.8 - 2 clocks

5.6.9 Conditions before clock oscillation is stopped
The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and

conditions before the clock oscillation is stopped.

Table 5-10. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
Internal high-speed MCS=10orCLS=1 HIOSTOP =1
oscillation clock (The CPU is operating on a clock other than the internal high-speed
oscillation clock.)
X1 clock MCS=0o0rCLS =1 MSTOP =1

External main system clock (The CPU is operating on a clock other than the high-speed system clock.)

Subsystem clock CLS=0 XTSTOP =1
(The CPU is operating on a clock other than the subsystem clock.)

20 MHz internal high-speed | SELDSC =0 DSCON =0

oscillation clock (The main system clock is operating on a clock other than the 20 MHz

internal high-speed oscillation clock.)
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CHAPTER 6 TIMER ARRAY UNIT

Each timer array unit has 8, 16-bit timers. Each 16-bit timer is called a channel and can be used as an independent
timer. In addition, two or more “channels” can be used to create a high-accuracy timer.

Single-operation Function Combination-operation Function
o Interval timer o PWM output
e Square wave output o One-shot pulse output
o External event counter e Multiple PWM output

o Divider function (channel 0 of 78KOR/KE3-L only)
e Input pulse interval measurement
e Measurement of high-/low-level width of input signal

Channel 7 can be used to realize LIN-bus reception processing in combination with UART3 of serial array unit 1.
6.1 Functions of Timer Array Unit
The timer array unit has the following functions.

6.1.1 Functions of each channel when it operates independently
Single-operation functions are those functions that can be used for any channel regardless of the operation mode of the
other channel (for details, refer to 6.6.1 Overview of single-operation function and combination-operation function).

(1) Interval timer
Each timer of a unit can be used as a reference timer that generates an interrupt (INTTMON) at fixed intervals.

(2) Square wave output
A toggle operation is performed each time INTTMOn is generated and a square wave with a duty factor of 50% is
output from a timer output pin (TOON).

(3) External event counter
Each timer of a unit can be used as an event counter that generates an interrupt when the number of the valid
edges of a signal input to the timer input pin (TIONn) has reached a specific value.

Remark n: Channel nhumber (nh =0 to 7)
However, in case of timer input pin (TIOn, TOONn) n changes as below.
KE3-L: n = 0-4
KC3-L: n=1-3

(4) Divider function (channel 0 of 78KOR/KE3-L only)
A clock input from a timer input pin (T100) is divided and output from an output pin (TOOQO0).

(5) Input pulse interval measurement
Counting is started by the valid edge of a pulse signal input to a timer input pin (TIOn). The count value of the timer
is captured at the valid edge of the next pulse. In this way, the interval of the input pulse can be measured.
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(6) Measurement of high-/low-level width of input signal
Counting is started by a single edge of the signal input to the timer input pin (TIOn), and the count value is captured
at the other edge. In this way, the high-level or low-level width of the input signal can be measured.

Remark KE3-L:n=0-4
KC3-L:n =1-3

6.1.2 Functions of each channel when it operates with another channel

Combination-operation functions are those functions that are attained by using the master channel (mostly the
reference timer that controls cycles) and the slave channels (timers that operate following the master channel) in
combination (for details, refer to 6.6.1 Overview of single-operation function and combination-operation function).

(1) PWM (Pulse Width Modulator) output
Two channels are used as a set to generate a pulse with a specified period and a specified duty factor.

(2) One-shot pulse output
Two channels are used as a set to generate a one-shot pulse with a specified delay time and a specified pulse
width.

(3) Multiple PWM (Pulse Width Modulator) output
By extending the PWM function and using one master channel and two or more slave channels, up to seven types
of PWM signals that have a specific period and a specified duty factor can be generated.

6.1.3 LIN-bus supporting function (channel 7 only)

(1) Detection of wakeup signal
The timer starts counting at the falling edge of a signal input to the serial data input pin (RxD3) of UART3 and the
count value of the timer is captured at the rising edge. In this way, a low-level width can be measured. If the low-
level width is greater than a specific value, it is recognized as a wakeup signal.

(2) Detection of sync break field
The timer starts counting at the falling edge of a signal input to the serial data input pin (RxD3) of UART3 after a
wakeup signal is detected, and the count value of the timer is captured at the rising edge. In this way, a low-level
width is measured. If the low-level width is greater than a specific value, it is recognized as a sync break field.

(3) Measurement of pulse width of sync field
After a sync break field is detected, the low-level width and high-level width of the signal input to the serial data
input pin (RxD3) of UART3 are measured. From the bit interval of the sync field measured in this way, a baud rate
is calculated.
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6.2 Configuration of Timer Array Unit

The timer array unit includes the following hardware.

Table 6-1 Configuration of Timer Array Unit

ITEO Configuration

Timer/counter Timer counter register On (TCRON)

Register Timer data register On (TDROnN)

Timer input At the time of 78KOR/KC3-L : TIO1 — TI03 pins, RxD3 pin (for LIN-bus)
At the time of 78KOR/KE3-L : TI00 — TI04 pins, RxD3 pin (for LIN-bus)

Timer output At the time of 78KOR/KC3-L : TO01 — TO03 pins, RxD3 pin (for LIN-bus)
At the time of 78KOR/KE3-L : TO00 — TO04 pins, RxD3 pin (for LIN-bus)

Control registers <Registers of unit setting block>

o Peripheral enable register 0 (PERO)

o Timer clock select register 0 (TPSO0)

» Timer channel enable status register 0 (TEO)
o Timer channel start register 0 (TSO)

o Timer channel stop register 0 (TTO)

» Timer input select register 0 (TISO)

o Timer output enable register 0 (TOEOQ)

o Timer output register 0 (TOO0)

o Timer output level register 0 (TOLO)

o Timer output mode register 0 (TOMO)

<Registers of each channel>

o Timer mode register On (TMROnN)

o Timer status register On (TSROn)

e Input switch control register (ISC)

» Noise filter enable registers 1 (NFEN1)

« Port mode registers 1, 3, 4, 5™°(PM1, PM3, PM4, PM5 ")
« Port registers 1, 3, 4, 5"°(P1, P3, P4, P5")

Remark n: Channel number (n =0 to 7)
Validity of timer 1/O pin of each channel of timer array unit, changes according to product.

Timer array unit 1/0O pin of each product

channel KC3-L KE3-L

Channel0 - P00/TI00, PO1/TO00

Channel1 P16/T101/TO01
Channel2 P17/T102/TO02
Channel3 P31/TI03/TO03
Channel4 - P42/T104/TO04

Channel5 -
Channel6 _
Channel7 -

Figure 6-1 shows the block diagram.
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Figure 6-1. Block Diagram of Timer Array Unit

Timer clock select register 0 (TPSO) Timer channel
Peripheral enable TEO7 | TEO6 | TEO5 | TEO4 | TEO3 | TEO2 | TEO1 | TEOO enqbtle s(t)a(tTuEso)
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Note  78KOR/KE3-L only
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1)

Timer counter register On (TCROn)
TCROn is a 16-bit read-only register and is used to count clocks.
The value of this counter is incremented or decremented in synchronization with the rising edge of a count clock.
Whether the counter is incremented or decremented depends on the operation mode that is selected by the MDONn3
- MDONO bits of TMRON.

Figure 6-2. Format of Timer Counter Register On (TCROn)
Address: FO180H, FO181H (TCR00) - FO18EH, FO18FH (TCR07)

After reset: FFFFH R

FO181H (TCRO00) FO0180H (TCRO00)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

oron | | [ 1 [ [ [ T P

(n=0-7)

The count value can be read by reading TCROnN.

The count value is set to FFFFH in the following cases.

e When the reset signal is generated

e When the TAUOEN bit of peripheral enable register 0 (PERO) is cleared

When counting of the slave channel has been completed in the PWM output mode

¢ When counting of the master/slave channel has been completed in the one-shot pulse output mode
¢ When counting of the slave channel has been completed in the multiple PWM output mode

The count value is cleared to 0000H in the following cases.

e When the start trigger is input in the capture mode

e When capturing has been completed in the capture mode

Caution The count value is not captured to TDROn even when TCROn is read.
Read out value of TCRON register, operation mode change or current status of operation
changes as below.

The TCROnN register read value differs as follows according to operation mode changes and the operating status.

Table 6-2 TCROn Register Read Value in Various Operation Modes

Operation Mode Count Mode TCRON Register Read Value"™
Operation mode Operation mode Operation restart During start trigger
change after reset change after count after count operation wait status after one
operation paused paused (TTOn = 1) count
(TTOn =1)
Interval timer Countdown FFFFH Undefined Stop value -
mode
Capture mode Count up 0000H Undefined Stop value -
Event counter Countdown FFFFH Undefined Stop value -
mode
One-count mode | Countdown FFFFH Undefined Stop value FFFFH
Capture & one- Count up 0000H Undefined Stop value Capture value of
count mode TDRON register + 1

Note The read values of the TCRON register when TSOn has been set to "1" while TEOn = 0 are shown. The read
value is held in the TCROn register until the count operation starts.

Remark n=0-7
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(2) Timer data register On (TDRON)
This is a 16-bit register from which a capture function and a compare function can be selected.
The capture or compare function can be switched by selecting an operation mode by using the MDONn3 to MDONO
bits of TMRON.
The value of TDRON can be changed at any time.
This register can be read or written in 16-bit units.
Reset signal generation clears this register to 0000H.

Figure 6-3 Format of Timer Data Register On (TDROn)

Address: FFF18H, FFF19H (TDRO00), FFF1AH, FFF1BH (TDR01),  After reset: 0000H R/W
FFF64H, FFF65H (TDR02) - FFF6EH, FFF6FH (TDRO7)

FFF19H (TDR0O0) FFF18H (TDRO00)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

41 I D I D O

(n=0-7)

(i) When TDROn is used as compare register
Counting down is started from the value set to TDROn. When the count value reaches 0000H, an interrupt
signal (INTTMOn) is generated. TDRON holds its value until it is rewritten.

Caution TDRON does not perform a capture operation even if a capture trigger is input, when it is set
to the compare function.

(ii) When TDROn is used as capture register
The count value of TCROnN is captured to TDROn when the capture trigger is input.
A valid edge of the TIOn pin can be selected as the capture trigger. This selection is made by TMROnN.

Remark n: Channel number (n=0-7),

However, In case of timer input pin (TIOn), n changes as below.

KE3-L: n = 0-4
KC3-L: n=1-3
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6.3 Registers Controlling Timer Array Unit
Timer array unit is controlled by the following registers.

e Peripheral enable register 0 (PERO)

e Timer clock select register 0 (TPSO0)

e Timer mode register On (TMRON)

¢ Timer status register On (TSRON)

e Timer channel enable status register 0 (TEO)
e Timer channel start register 0 (TS0)

¢ Timer channel stop register 0 (TTO)

e Timer input select register 0 (TIS0)

e Timer output enable register 0 (TOEOQ)

e Timer output register 0 (TOO)

o Timer output level register 0 (TOLO)

» Timer output mode register 0 (TOMO)

e Input switch control register (ISC)

¢ Noise filter enable registers 1 (NFEN1)

e Port mode registers 1, 3, 4, 5°(PM1, PM3, PM4, PM5™*)
e Port registers 1, 3, 4, 5°(P1, P3, P4, P5™)

Note 78KOR/KE3-L only

Remark n =0-7
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(1) Peripheral enable register 0 (PERO)

This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a

hardware macro that is not used is stopped in order to reduce the power consumption and noise.

When the timer array unit 0 is used, be sure to set bit 0 (TAUOEN) of this register to 1.
PERO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6-4 Format of Peripheral Enable Register 0 (PERO0)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PERO RTCEN 0 ADCEN IICOEN SAU1EN ‘ SAUOEN ‘ 0 TAUOEN
TAUOEN Control of timer array unit input clock
0 Stops supply of input clock.

* SFR used by the timer array unit cannot be written.
e The timer array unit is in the reset status.

1 Supplies input clock.
e SFR used by the timer array unit can be read/written.

Cautions 1. When setting the timer array unit, be sure to set TAUOEN = 1 first. If TAUOEN = 0, writing
to a control register of the timer array unit is ignored, and all read values are
default values (Timer input selection (TIS0), input exchange control register (ISC),

except for noise filter enable registers 1 (NFEN1), port mode registers 1, 3, 4,5
(PM1, PM3, PM4, PM5 ™), and port registers 1, 3, 4, 5™ (P1, P3, P4, P5™").

2. Be sure to clear bit 1 and 6 of PERO register to 0.

Note 78KOR/KE3-L Only

note
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(2) Timer clock select register m (TPSO0)
TPSO0 is a 16-bit register that is used to select two types of operation clocks (CK0O, CKO1) that are commonly
supplied to each channel. CKO01 is selected by bits 7 - 4 of TPS0, CKO0O is selected by bits 3 - 0.
Rewriting of TPSO0 during timer operation is possible only in the following cases.

Rewriting of PRS000 - PRS003 bits: Possible only when all the channels set to CKSOn = 0 are in the operation
stopped state (TEOn = 0)

Rewriting of PRS010 - PRS013 bits: Possible only when all the channels set to CKSOn = 1 are in the operation
stopped state (TEOn = 0)

TPSO0 can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of TPS0 can be set with an 8-bit memory manipulation instruction with TPSOL.
Reset signal generation TPSO clears this register to 0000H.

Figure 6-5 Format of Timer Clock Select Register 0 (TPSO0)

Address: FO1B6H, FO1B7H (TPS0)
FO1DEH, FO1DFH (TPS1)

After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPSO 0 0 0 0 0 0 0 0 |PRS|PRS|PRS|PRS|PRS|PRS|PRS|PRS
013 | 012 | 011 | 010 | 003 | 002 | 001 | 000
PRS | PRS | PRS | PRS Selection of operation clock (CKOm) "
Om3 | Om2 | Om1 | OmO fok=2MHz | fok=5MHz | fok=10MHz | fok=20 MHz

0 0 0 0 |fok 10 MHz 12 MHz 16 MHz 20 MHz

0 0 0 1 [fow2 5 MHz 6 MHz 8 MHz 10 MHz

0 0 1 0 |fox/2? 2.5 MHz 3 MHz 4 MHz 5 MHz

0 0 1 1 |fows/2® 1.25 MHz 1.5 MHz 2 MHz 2.5 MHz

0 1 0 0 |fox/2* 625 kHz 750 kHz 1 kHz 1.25 MHz

0 1 0 1 |fowws2® 312.5 kHz 375 kHz 500 kHz 625 kHz

0 1 1 0 |fox/2® 156.2 kHz 187.5 kHz 250 kHz 312.5 kHz

0 1 1 1 |fews2’ 78.1 kHz 93.7 kHz 125 kHz 156.2 kHz

1 0 0 0 |fox/2® 39.1 kHz 46.8 kHz 62.5 kHz 78.1 kHz

1 0 0 1 |fows2® 19.5 kHz 23.4 kHz 31.2 kHz 39.1 kHz

1 0 1 0 |fox/2™ 9.76 kHz 11.7 kHz 15.6 kHz 19.5 kHz

1 0 1 1 |fow2" 4.88 kHz 5.85 kHz 7.81 kHz 9.76 kHz

1 1 0 0 |fox/2™ 2.44 kHz 2.92 kHz 3.91 kHz 4.88 kHz

1 1 0 1 [fow2® 1.22 kHz 1.46 kHz 1.95 kHz 2.44 kHz

1 1 1 0 |fo/2™ 610 Hz 732 Hz 976 Hz 1.22 kHz

1 1 1 1 |fo2'® 305 Hz 366 Hz 488 Hz 610 Hz

Note When changing the clock selected for fc.k (by changing the sysTEO clock control register (CKC)
value), stop the timer array unit (TTO = 00FFH).
Caution Be sure to clear bits 15- 8 to “0”.
Remarks 1. fck: CPU/peripheral hardware clock frequency
2. m=0,1 n=0-7
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(3) Timer mode register On (TMRON)
TMROnN sets an operation mode of channel n. It is used to select an operation clock (MCK), a count clock, whether
the timer operates as the master or a slave, a start trigger and a capture trigger, the valid edge of the timer input,
and an operation mode (interval, capture, event counter, one-count, or capture & one-count).
Rewriting TMRON is prohibited when the register is in operation (when TEO = 1). However, bits 7 and 6 (CISOn1,
CIS0n0) can be rewritten even while the register is operating with some functions (when TEO = 1) (for details, see
6.7 Operation of Timer Array Unit as Independent Channel and 6.8 Operation of Plural Channels of Timer
Array Unit).
TMRON can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 6-6 Format of Timer Mode Register On (TMROR) (1/3)

Address: FO190H, FO191H (TMRO00) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRONn CKS| 0 0 |[CCS |MAST| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
On On | EROn | On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
CKS Selection of operation clock (MCK) of channel n
On
0 | Operation clock CK0O set by TPSO register
1 Operation clock CK01 set by TPSO register

Operation clock MCK is used by the edge detector. A count clock (TCLK) and a sampling clock are generated
depending on the setting of the CCSOn bit.

CCSs Selection of count clock (TCLK) of channel n
On

0 | Operation clock MCK specified by CKSOn bit

1 Valid edge of input signal input from TIOn pin/subsysTEO clock divided by four (fsus/4)

Count clock TCLK is used for the timer/counter, output controller, and interrupt controller.

MAS Selection of operation in single-operation function or as slave channel in combination-operation function
TER /operation as master channel in combination-operation function of channel n
On

0 Operates in single-operation function or as slave channel in combination-operation function.

1 Operates as master channel in combination-operation function.

Only the even channel can be set as a master channel (MASTEROnN = 1).
Be sure to use the odd channel as a slave channel (MASTERON = 0).
Clear MASTERON = 0 for a channel that is used with the single-operation function.

Caution Be sure to clear bits 14, 13, 5, 4 to “0”.

Remark n: Channel number (n=0-7)

However, In case of timer input pin (TIOn), n changes as below.

KE3-L: n = 0-4
KC3-L:n=1-3
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Address: FO190H, FO191H (TMROO) - FO19EH, FO19FH (TMR07)

Figure 6-6. Format of Timer Mode Register On (TMRON) (2/3)

After reset: 0000H R/W

FO1C8H, FO1C9H (TMR10) - FO1CEH, FO1CFH (TMR13)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS 0 0 CCS | MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
On On | EROn | On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
STS | STS | STS Setting of start trigger or capture trigger of channel n
On2 | On1 | OnO
0 0 0 Only software trigger start is valid (other trigger sources are unselected).
0 0 1 Valid edge of TIOn pin input is used as both the start trigger and capture trigger.
0 1 0 Both the edges of TIOn pin input are used as a start trigger and a capture trigger.
1 0 0 Interrupt signal of the master channel is used (when the channel is used as a slave channel
with the combination-operation function).
Other than above | Setting prohibited

CIs | CIS Selection of TIOn pin input valid edge
On1 | OnO
0 0 Falling edge
0 1 Rising edge
1 0 Both edges (when low-level width is measured)
Start trigger: Falling edge, Capture trigger: Rising edge
1 1 Both edges (when high-level width is measured)

Start trigger: Rising edge, Capture trigger: Falling edge

If both the edges are specified when the value of the STSOn2 to STSONO bits is other than 010B, set the CISOn1 to
CISOnO0 bits to 10B.

Caution Be sure to clear bits 14, 13, 5, 4 to “0”.

Remark m: Unit number (m =0, 1), n: Channel number (n =0 to 7),
On =00 to 07,10 to 13

RO1UHO019EJ0201 Rev.2.01
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Figure 6-6 Format of Timer Mode Register On (TMROnR) (3/3)

Address: FO190H, FO191H (TMRO00) - FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 3 2 1 0
TMRONn CKS| O 0 |[CCS |MAST| STS | STS | STS | CIS | CIS 0 MD | MD | MD | MD
On On | EROn | On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
MD | MD | MD | MD Operation mode of channel n Count operation of TCR Independent operation
On3 | On2 | On1 | OnO
0 0 0 1/0 | Interval timer mode Counting down Possible
0 1 0 1/0 | Capture mode Counting up Possible
0 1 1 0 Event counter mode Counting down Possible
1 0 0 1/0 | One-count mode Counting down Impossible
1 1 0 0 Capture & one-count mode Counting up Possible
Other than above Setting prohibited

The operation of MDONO bit varies depending on each operation mode (see table below).

Operation mode MD Setting of starting counting and interrupt
(Value set by the MDON3 - MDOn1 bits 0no0
(see table above))
¢ Interval timer mode 0 | Timer interrupt is not generated when counting is started
(0,0,0) (timer output does not change, either).
o Capture mode 1 Timer interrupt is generated when counting is started
0,1,0) (timer output also changes).
e Event counter mode 0 | Timer interrupt is not generated when counting is started
(0,1,1) (timer output does not change, either).
« One-count mode "™*" 0 | Start trigger is invalid during counting operation.
(1,0,0) At that time, interrupt is not generated, either.
1 Start trigger is valid during counting operation "*°Z,
At that time, interrupt is also generated.
¢ Capture & one-count mode 0 | Timer interrupt is not generated when counting is started
(1,1,0) (timer output does not change, either).
Start trigger is invalid during counting operation.
At that time interrupt is not generated, either.
Other than above Setting prohibited

Notes 1. In one-count mode, interrupt output (INTTMOn) when starting a count operation and TOOn output

are not controlled.

2. If the start trigger (TSOn = 1) is issued during operation, the counter is cleared, an interrupt is

generated, and recounting is started.

Remark n=0-7

RO1UHO019EJ0201 Rev.2.01
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(4) Timer status register On (TSROnN)
TSROn indicates the overflow status of the counter of channel n.
TSROn is valid only in the capture mode (MDOn3 to MDOn1 = 010B) and capture & one-count mode (MDONn3 -
MDOn1 = 110B). It will not be set in any other mode. See Table 6-3 for the operation of the OVF bit in each
operation mode and set/clear conditions.
TSRON can be read by a 16-bit memory manipulation instruction.
The lower 8 bits of TSRONn can be set with an 8-bit memory manipulation instruction with TSROnL.
Reset signal generation clears this register to 0000H.

Figure 6-7. Format of Timer Status Register On (TSROn)

Address: FO1AOH, FO1A1H (TSRO00) - FO1AEH, FO1AFH (TSR07)  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSRONn | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ OVF ‘
OVF Counter overflow status of channel n

0 Overflow does not occur.

1 Overflow occurs.

When OVF = 1, this flag is cleared (OVF = 0) when the next value is captured without overflow.

Table 6-3. OVF Bit Operation and Set/Clear Conditions in Each Operation Mode

Timer operation mode OVF Set/clear conditions
e Capture mode clear | When no overflow has occurred upon capturing
o Capture & one-count mode set When an overflow has occurred upon capturing
¢ Interval timer mode clear

e Event counter mode
set (Use prohibited, not set and not cleared)
e One-count mode

Remark The OVF bit does not change immediately after the counter has overflowed, but changes upon
the subsequent capture.
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(5) Timer channel enable status register m (TEO)
TEO is used to enable or stop the timer operation of each channel.
When a bit of timer channel start register m (TS0) is set to 1, the corresponding bit of this register is set to 1. When
a bit of timer channel stop register m (TTO) is set to 1, the corresponding bit of this register is cleared to 0.
TEO can be read by a 16-bit memory manipulation instruction.
The lower 8 bits of TEO can be set with a 1-bit or 8-bit memory manipulation instruction with TEOL.
Reset signal generation clears this register to 0000H.

Figure 6-8. Format of Timer Channel Enable Status Register 0 (TEO)

Address: FO1BOH, FO1B1H  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ’ 0 ’ 0 ’TE07 ‘ TEO06 ‘ TEO5 ‘ TEO4 ‘ TEO3 ‘ TEO2 | TEO1 ’ TEOO ‘
TE Indication of operation enable/stop status of channel n
On

0 | Operation is stopped.

1 Operation is enabled.

Remark n=0-7
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(6) Timer channel start register 0 (TSO0)
TSO is a trigger register that is used to clear a timer counter (TCROn) and start the counting operation of each
channel.
When a bit (TSOn) of this register is set to 1, the corresponding bit (TEOn) of timer channel enable status register m
(TEO) is set to 1. TSOn is a trigger bit and cleared immediately when TEOn = 1.
TS0 can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of TS0 can be set with a 1-bit or 8-bit memory manipulation instruction with TSOL.
Reset signal generation clears this register to 0000H.

Figure 6-9. Format of Timer Channel Start Register 0 (TS0)

Address: FO1B2H, FO1B3H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ TS07 ‘ TS06 ‘ TS05 ‘ TS04 ‘ TS03 ‘ TS02 | TSO1 ‘ TS00 ‘
TSOn Operation enable (start) trigger of channel n

0 No trigger operation

1 TEOn is set to 1 and the count operation becomes enabled.
The TCRON count operation start in the count operation enabled state varies depending on each operation
mode (see Table 6-4).

Caution Be sure to clear bit 15 - 8 “0”

Remarks 1. When the TS0 register is read, 0 is always read.
2. n=0-7

Table 6-4 Operations from Count Operation Enabled State to TCROn Count Start (1/2)

Timer operation mode Operation when TSOn = 1 is set

o Interval timer mode No operation is carried out from start trigger detection (TSOn=1) until count clock
generation.

The first count clock loads the value of TDROn to TCRONn and the subsequent
count clock performs countdown operation (see 6.3 (6) (a) Start timing in
interval timer mode).

e Event counter mode Writing 1 - TSOn bit loads the value of TDROn to TCROnN.

The subsequent count clock performs countdown operation.

The external trigger detection selected by STSOn2 - STSOnO bits in the TMRON
register does not start count operation (see 6.3 (6) (b) Start timing in event
counter mode).

e Capture mode No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H - TCROn and the subsequent count clock
performs count up operation (see 6.3 (6) (c) Start timing in capture mode).
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Table 6-4 Operations from Count Operation Enabled State to TCROn Count Start (2/2)

Timer operation mode Operation when TSOn = 1 is set
e One-count mode When TSO0n = 0, writing 1 - TSOn bit sets the start trigger wait state.
No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads the value of TDRONn to TCROn and the subsequent
count clock performs countdown operation (see 6.3 (6) (d) Start timing in one-
count mode).

e Capture & one-count mode When TSOn = 0, writing 1 - TSOn bit sets the start trigger wait state.

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H to TCRON and the subsequent count clock
performs count up operation (see 6.3 (6) (e) Start timing in capture & one-
count mode).

(a) Start timing in interval timer mode
<1> Writing 1 - TSOn sets TEOn = 1
<2> The write data to TSOn is held until count clock generation.
<3> TCROnN holds the initial value until count clock generation.
<4> On generation of count clock, the “TDROnN value” is loaded to TCROn and count starts.

Figure 6-10. Start Timing (In Interval Timer Mode)

e UL LU U UL L

TSOn (write)

A

TEOn <1>

Count clock

TSOn (write) hold signal <2>

Start trigger detection signal

<3> ) <4>
TCRONn Initial value ¥ TDRON value

N
\

INTTMOn il

v

“~"When MDONO = 1 is set

Caution In the first cycle operation of count clock after writing TSOn, an error at a maximum of one clock
is generated since count start delays until count clock has been generated. When the information
on count start timing is necessary, an interrupt can be generated at count start by setting MDOn0
=1.

RO1UHO019EJ0201 Rev.2.01 228
Sep 22, 2011 /-{ENESAS
]



78KOR/KC3-L, 78KOR/KE3-L CHAPTER 6 TIMER ARRAY UNIT

(b) Start timing in event counter mode

<1> While TEOn is set to 0, TCROnN holds the initial value.
<2> Writing 1 - TSOn sets 1 - TEOn.

<3> As soon as 1 has been written to TSOn and 1 has been set to TEOnN, the “TDROnN value” is loaded to TCRONn
to start counting.

<4> After that, the TCROnN value is counted down according to the count clock.

Figure 6-11. Start Timing (In Event Counter Mode)

e LI LU U L.

TSOn (write)

TEOn <1> 7
—_—<2>
Count clock
TSOn (write) hold signal /

Start trigger detection signal

<1> )<3>
TCROn Initial value ¥ TDROnN value TDRON value-1

(c) Start timing in capture mode

<1> Writing 1 - TSOn sets TEOn = 1

<2> The write data to TSOn is held until count clock generation.

<3> TCROnN holds the initial value until count clock generation.

<4> On generation of count clock, 0000H is loaded to TCRONn and count starts.

Figure 6-12. Start Timing (In Capture Mode)

feu LU UL UL L L LT LT

TSOn (write)

TEON _<1> A
Count clock )

TSOn (write) hold signal <2>

Start trigger detection signal

<3> ) <4>
TCRON Initial value ¢ 0000H

INTTMON J L

" When MDONO = 1 is set

Caution In the first cycle operation of count clock after writing TSOn, an error at a maximum of one clock is
generated since count start delays until count clock has been generated. When the information

on count start timing is necessary, an interrupt can be generated at count start by setting MDOn0
=1.
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(d) Start timing in one-count mode

<1> Writing 1 - TSOn sets TEOn = 1
<2> Enters the start trigger input wait status, and TCROn holds the initial value.
<3> On start trigger detection, the “TDROnN value” is loaded to TCROn and count starts.

Figure 6-13. Start Timing (In One-count Mode)

e UMM LU UL

TSOn (write) <1>

TEOn 4

TIONn edge detection signal

Count clock Nete ]

TSOn (write) hold signal

Start trigger detection signal

<2> ) <3>
TCRON Initial value ¥ TDRON value

Start trigger input wait status

Note When the one-count mode is set, the operation clock (MCK) is selected as count clock (CCSOn = 0).

Caution An input signal sampling error is generated since operation starts upon start trigger detection

(The error is one count clock when TIOn is used).
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(e) Start timing in capture & one-count mode

<1> Writing 1 - TSOn sets TEOn = 1
<2> Enters the start trigger input wait status, and TCROn holds the initial value.
<3> On start trigger detection, 0000H is loaded to TCROn and count starts.

Figure 6-14. Start Timing (In Capture & One-count Mode)

e UMM LU UL

TSOn (write) <1>

)

TEOn 4

TIONn edge detection signal

Count clock Nete ]

TSOn (write) hold signal

Start trigger detection signal

<2> ) <3>

TCRON Initial value ¥ 0000H

Start trigger input wait status

Note When the capture & one-count mode is set, the operation clock (MCK) is selected as count clock

(CCSOn = 0).

Caution An input signal sampling error is generated since operation starts upon start trigger detection

(The error is one count clock when TIOn is used).
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(7) Timer channel stop register m (TTO0)
TTO is a trigger register that is used to clear a timer counter (TCROn) and start the counting operation of each
channel.
When a bit (TTOn) of this register is set to 1, the corresponding bit (TEOn) of timer channel enable status register m
(TEO) is cleared to 0. TTOn is a trigger bit and cleared to 0 immediately when TEOn = 0.
TTO can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of TTO can be set with a 1-bit or 8-bit memory manipulation instruction with TTOL.
Reset signal generation clears this register to 0000H.

Figure 6-15. Format of Timer Channel Stop Register 0 (TTO0)

Address: FO1B4H, FO1B5H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TTO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ TTO7 ‘ TTO6 ‘ TTO05 ‘ TTO4 ‘ TTO3 ‘ TTO02 | TTO1 ‘ TTOO ‘
TTON Operation stop trigger of channel n

0 No trigger operation

1 Operation is stopped (stop trigger is generated).

Caution Be sure to clear bits 15 - 8 to “0”.

Remarks 1. When the TTO register is read, 0 is always read.
2. n=07
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(8) Timer input select register m (TISO)
TISO is used to select whether a signal input to the timer input pin (TIONn) or the subsysTEO clock divided
by four (fsus/4) is valid for each channel.
TISO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 6-16. Format of Timer Input Select Register 0 (TIS0)

Address: FFF3EH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TISO TIS07 TIS06 TIS05 TIS04 TISO3 TIS02 TISO1 TIS00
TISONn Selection of timer input/subsysTEOQ clock used with channel n
0 Input signal of timer input pin (T10n)

Channel 5,6 (In case of 78KOR/KC3-L, Channel 0, 4-6) there is no timer input pin, timer input
Subsystem clock can only be divided by 4 (fsue/4). When timer input is not in use, TIS05, TIS06( In
case of 78KOR/KC3-L, TISO, TIS04-TIS06) please change it to 0 bit. In case of channel 7, it is possible
to input number of Rxd3 pin (ISC1 = 1 of ISC Register).

1 Subsystem clock divided by 4 (fsus/4)

Remark n : Chanel number (n = 0-4)
However, In case of timer input pin (TIOn), n changes as below.

KE3-L:n = 0-4
KC3-L:n =1-3
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(9) Timer output enable register m (TOEO)
TOEQ is used to enable or disable timer output of each channel.

Channel n for which timer output has been enabled becomes unable to rewrite the value of the TOOn bit of the timer
output register (TOO0) described later by software, and the value reflecting the setting of the timer output function
through the count operation is output from the timer output pin (TOOn).

TOEO can

The lower 8 bits of TOEO can be set with a 1-bit or 8-bit memory manipulation instruction with TOEOL.

be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Address: FO1BAH,

Symbol 15

Figure 6-17. Format of Timer Output Enable Register 0 (TOEOQ)

FO1BBH  After reset: 0000H R/W
14 13 12 11 10 9 8 7 6 5 4 3 2 1

TOEO 0

0 0 0 0 0 0 0 0 0 0 | TOEO4 | TOEO3 | TOEO2 | TOEO1

note note note note

TOEO00

note

On

TOE Timer output enable/disable of channel n

The TOON operation stopped by count operation (timer channel output bit).
Writing to the TOOnN bit is enabled.

The TOON pin functions as data output, and it outputs the level set to the TOOn bit.
The output level of the TOOnN pin can be manipulated by software.

The TOON operation enabled by count operation (timer channel output bit).
Writing to the TOON bit is disabled (writing is ignored).

The TOON pin outputs the square-wave or PWM depending on the timer operation.

The TOON pin functions as timer output, and the TOON bit is set or reset depending on the timer operation.

Note

Caution

Remark

78KOR/KE3-L Only

Be sure to clear bits 15 - 5 bits 15 - 4 to “0”.

n : Channel number (n = 0-4)
However, In case of timer input pin (TOOn), n changes as below.

KE3-L:n = 0-4
KC3-L:n=1-3
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(10) Timer output register m (TOO)

TOO is a buffer register of timer output of each channel.
The value of each bit in this register is output from the timer output pin (TOOn) of each channel.
This register can be rewritten by software only when timer output is disabled (TOEOn = 0). When timer output is
enabled (TOEONn = 1), rewriting this register by software is ignored, and the value is changed only by the timer

operation.

To use the P52/TO00™°, P16/TO01, P17/TO02, P31/TO03, P42/TO04™", P05/TO05, P06/TO06, P54/TO07,

P64/TO10, P65/TO11, P66/TO12, or P67/TO13 pin as a port function pin, set the corresponding TOOn bit to “0”.

TOO can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of TOO can be set with an 8-bit memory manipulation instruction with TOOL.

Reset signal generation clears this register to 0000H.

Figure 6-18. Format of Timer Output Register 0 (TO0)

Address: FO1B8H, FO1B9H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOO 0 0 0 0 0 0 0 0 0 0 0 TOO | TOO | TOO | TOO | TOO
4nole 3 2 1 Onote
TOO Timer output of channel n
n
0 Timer output value is “0”.
1 Timer output value is “1”.
Note 78KOR/KE3-L Only
Caution Be sure to clear bits 15 — 5 (In case of 78KOR/KC3-L) bits 15 - 4 to “0”.
Remark n : Chanel number (n = 0-4)

However, In case of timer input pin (TOOn), n changes as below.
KE3-L:n = 0-4
KC3-L:n=1-3
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(11) Timer output level register m (TOLO)
TOLO is a register that controls the timer output level of each channel.
The setting of the inverted output of channel n by this register is reflected at the timing of set or reset of the timer
output signal while the timer output is enabled (TOEOn = 1) in the combination-operation mode (TOMOn = 1). In
the toggle mode (TOMOn = 0), this register setting is invalid.
TOLO can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of TOLO can be set with an 8-bit memory manipulation instruction with TOLOL.
Reset signal generation clears this register to 0000H.

Figure 6-19. Format of Timer Output Level Register 0 (TOLO)

Address: FO1BCH, FO1BDH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOLO 0 0 0 0 0 0 0 0 TOL | TOL | TOL | TOL | TOL | TOL | TOL | TOL
07 06 05 04 03 02 01 00

TOL Control of timer output level of channel n
on

0 Positive logic output (active-high)

1 Inverted output (active-low)

Note 78KOR/KE3-L Only

Caution Be sure to clear bits 15 - 5 (In case of 78KOR/KC3-L) bits 15 - 4 to “0”.

Remarks1. If the value of this register is rewritten during timer operation, the timer output is inverted
when the timer output signal changes next, instead of immediately after the register value is
rewritten.

2. n=04

(12) Timer output mode register m (TOMO)

TOMO is used to control the timer output mode of each channel.

When a channel is used for the single-operation function, set the corresponding bit of the channel to be used to
0.When a channel is used for the combination-operation function (PWM output, one-shot pulse output, or multiple
PWM output), set the corresponding bit of the master channel to 0 and the corresponding bit of the slave channel
to 1.

The setting of each channel n by this register is reflected at the timing when the timer output signal is set or reset
while the timer output is enabled (TOEOn = 1).

TOMO can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of TOMO can be set with an 8-bit memory manipulation instruction with TOMOL.

Reset signal generation clears this register to 0000H.

RO1UHO019EJ0201 Rev.2.01 236
Sep 22, 2011 /-{ENESAS
]



78KOR/KC3-L, 78KOR/KE3-L CHAPTER 6 TIMER ARRAY UNIT

Figure 6-20. Format of Timer Output Mode Register 0 (TOMO)

Address: FO1BEH, FO1BFH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOO00 0 0 0 0 0 0 0 0 TOO | TOO | TOO | TOO | TOO | TOO | TOO | TOO
07 06 05 04 03 02 01 00

TOM Control of timer output mode of channel n
on

0 | Toggle mode (to produce toggle output by timer interrupt request signal (INTTMOn)

1 Combination-operation mode (set by the timer interrupt request signal (INTTMOm) of the master channel,
and reset by the timer interrupt request signal (INTTMOm) of the slave channel)

Note 78KOR/KE3-L Only
Caution Be sure to clear bits 15 - 5 (In case of 78KOR/KC3-L) bits 15 - 4 to “0”.
Remark n: Chanel number, m: slave channel number

n = 0-4 (after master channel: n=0, 2)

n<m < 4 (however m is a connected integer from n onwards)

(13) Input switch control register (ISC)
ISC is used to implement LIN-bus communication operation with channel 7 in association with serial array unit.
When bit 1 of ISC1 bit is set to 1, the input signal of the serial data input pin (RxD3) is selected as a timer input
signal.
ISC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 6-21. Format of Input Switch Control Register (ISC)

Address: FFF3CH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 0 0 0 ISC1 ISCO
ISC1 Switching channel 7 input of timer array unit
0 Uses the input signal of the TI07 pin as a timer input.
1 Input signal of RxD3 pin is used as timer input (to measure the pulse widths of the sync break field

and sync field).

1ISCO Switching external interrupt (INTPO) input
0 Uses the input signal of the INTPO pin as an external interrupt (normal operation).
1 Uses the input signal of the RxD3 pin as an external interrupt (wakeup signal detection)

Caution Be sure to clear bits 7 - 3 to “0”.

Remark When the LIN-bus communication function is used, select the input signal of the RxD3 pin by
setting ISC1 to 1.
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(14) Noise filter enable registers 1 (NFEN1)

NFENT1 is used to set whether the noise filter can be used for the timer input signal of timer array unit 0 to channel.
Enable the noise filter by setting the corresponding bits to 1 on the pins in need of noise removal.

When the noise filter is ON, match detection of the 2 clocks and synchronization are performed with the
CPU/peripheral hardware clock (fck). When the noise filter is OFF, only synchronization is performed with the

CPU/peripheral hardware clock (fcLk).
NFEN1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 6-22. Format of Noise Filter Enable Register 1 (NFEN1)

Address: FOO61H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
NFEN1 TNFENO7 TNFENO6 TNFENO5 | TNFEN04™° | TNFENO3 TNFENO2 TNFENO1 | TNFENOO™*
TNFENO4™* Enable/disable using noise filter of TI04/TO04/P42 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO3 Enable/disable using noise filter of TI03/TO03/INTP4/P31 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO2 Enable/disable using noise filter of TI02/TO02/P17 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO1 Enable/disable using noise filter of TI01/TO01/INTP5/P16 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFEN0O™"* Enable/disable using noise filter of TI00/P53 pin input signal
0 Noise filter OFF
1 Noise filter ON

Note 78KOR/KE3-L Only
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(15) Port mode registers 1,3 ,4, 5™ (PM1, PM3, PM4, PM5™")
These registers set input/output of ports 1, 3, 4, 5™ in 1-bit units.
When using the P52/TO00, P17/TO02/TI02 for timer output, set (PMxx) and the output latches of (Pxx) to 67 to 0.
For example:
In case of using P10/TO02/T102 as timer output,
Set 1 of port mode register to 0.
Set P10 of port register 1 to 1.

When using the (P53/T100, P10/TO02/T102) pins for timer input, set (PMxx) to 1. At this time, the output latches of
(Pxx) may be 0 or 1.
For example:
In case of using P10/TO02/TI02 as timer output,
Set 1 of port mode register to 0.
Set P10 of port register 1 to 0.
PM1, PM3, PM4, PM5™"can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Note 78KOR/KE3-L Only

Figure 6-23. Format of Port Mode Registers 1, 3, 4, 5™ (PM1, PM3, PM4, PM5 ™)

Address: FFF21H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
i | pmiz | Pwie | pPmis | pPmia | pPwis | pPmiz | pPuit | Pmio |

Address: FFF23H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM3 | 1 I I IE IE IE | Pmst | Pmso |

Address: FFF24H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM4 | 0 | 0 | 1 | 0 | P4z | pPwaz | P41 | Pwao |

Address: FFF25H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMs | 1 I | o | o | pwss | pPms2 | pPwst | pPmso |
PMmn Pmn pin 1/0 mode selection (m =1, 3,4,5; n=0-7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Note 1 Be sure to set 0 bit of PM3, 4, 6, 7 bit of PM4, 4,5 bit of PM5 to 0. Be sure to set, when it returns to
initial value while resetting, to 0.
2 Be sure to set 2-7 bit of PM3, 5 bit of PM4, 6, 7 bit of PM5 to 0.

Remark The format of port mode register 1, 3, 4, 5 of 78KOR/KE3-L is given above. Please refer 4.3 (1) port mode
register (PMxx) for other products.
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6.4 Channel Output (TOOn pin) Control

6.4.1 TOON pin output circuit configuration

Figure 6-24. Output Circuit Configuration

<5>
TOON register
Interrupt signal of the master channel
(INTTMOnN) 5
’_O = Set
9 —
Interrupt signal of the slave channel é — TOON pin
(INTTMOp) ,_:>— Reset/toggle
<1>
<2>
<8> <4>
TOLON
TOMon Internal bus
TOEON TOON write signal

The following describes the TOOnN pin output circuit.

<1> When TOMOn = 0 (toggle mode), the set value of the TOLOn bit is ignored and only INTTMOp (slave channel

<2>

<3>

<4>

timer interrupt) is transmitted to the TOON bit.

When TOMOn = 1 (combination-operation mode), both INTTMOn (master channel timer interrupt) and
INTTMOp (slave channel timer interrupt) are transmitted to the TOON bit.

At this time, the TOLOnN bit becomes valid and the signals are controlled as follows:

When TOLOn = 0: Forward operation (INTTMOn — set, INTTMOp — reset)
When TOLON = 1: Reverse operation (INTTMOn — reset, INTTMOp — set)

When INTTMOn and INTTMOp are simultaneously generated, (0% output of PWM), INTTMOp (reset signal)
takes priority, and INTTMOn (set signal) is masked.

When TOEON = 1, INTTMOn (master channel timer interrupt) and INTTMOp (slave channel timer interrupt) are
transmitted to the TOON bit. Writing to the TOOn bit (TOON write signal) becomes invalid.

When TOEON = 1, the TOON pin output never changes with signals other than interrupt signals.

To initialize the TOON pin output level, it is necessary to set TOEOn = 0 and to write a value to TOON.

When TOEON = 0, writing to TOOn bit to the target channel (TOOn signal) becomes valid. When TOEOn = 0
neither INTTMONn (master channel timer interrupt) nor INTTMOp (slave channel timer interrupt) is transmitted
to TOON bit.

<5> The TOON bit can always be read, and the TOOn pin output level can be checked.

Remark 1.n=0-4 (However in case of master channel n=0,2)

2. In case of timer output pin (TOOn), n changes as below.
KE3-L:n = 0-4, KC3-L:n =1-3
3.p=n+1,n+2, n+3 ... However p<4
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6.4.2 TOONn Pin Output Setting

The following figure shows the procedure and status transition of TOOn output pin from initial setting to timer operation

start.

Figure 6-25. Status Transition from Timer Output Setting to Operation Start

Undefined value (FFFFH after reset) | I\

TCRON

(Counter)

Timer alternate-function pin

Timer output signal

TOON

TOEON | ! ;

T | e

'
(Write operation enabled period to TOOnX Write operation disabled period to TOOn
f T n

)

' ' !
A K A A A
<1>Set TOMOn  <2> Set TOOn <3> Set TOEOn  <4> Set the port to <5> Timer operation start
Set TOLON output mode

<1> The operation mode of timer output is set.

e TOMOn bit (0: Toggle mode, 1: Combination-operation mode)
e TOLON bit (0: Forward output, 1: Reverse output)

<2> The timer output signal is set to the initial status by setting TOOn.

<3> The timer output operation is enabled by writing 1 - TOEOn (writing to TOOn is disabled).
<4> The port I/O setting is set to output (see 6.3 (15) Port mode registers 1, 3, 4, 5)

<5> The timer operation is enabled (TSOn = 1).

Remark n=0-4
However in case of (TOONn) n changes as below.
KE3-L:n = 0-4
KC3-L:n=1-3
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6.4.3 Cautions on Channel Output Operation

(1) Changing values set in registers TO0,TOEO,TOLO, and TOMO during timer operation
Since the timer operations (operations of TCROn, TDROnN) are independent of the TOOn output circuit and changing
the values set in TOO, TOEO, TOLO,TOMO does not affect the timer operation, the values can be changed during
timer operation.
When the values set in TOEO, TOLO, TOMO (except for TO0) are changed close to the timer interrupt (INTTMOn),
the waveform output to the TOOn pin may be different depending on whether the values are changed immediately
before orimmediately after the timer interrupt (INTTMON) signal generation timing.

Remark n=0-7
However in case of (TOOn) n changes as below.
KE3-L:n = 0-4
KC3-L:n=1-3

(2) Default level of TOOn pin and output level after timer operation start
The following figure shows the TOON pin output level transition when writing has been done in the state of TOEOn =
0 before port output is enabled and TOEON = 1 is set after changing the default level.

(a) When operation starts with TOMOn = 0 setting (toggle output)
The setting of TOLOnN is invalid when TOMOn = 0. When the timer operation starts after setting the default level,

the toggle signal is generated and the output level of TOOn pin is reversed.

Figure 6-26. TOONn Pin Output Status at Toggle Output (TOMOn = 0)

TOEON

Default level, TOLON setting
TOONn =0, TOLON =0 Hi-Z

1
i
i

TOOn=1,TOLON =0 Hi-Z

TOOn =0, TOLON =1

L
]

(Same output waveform as TOLOn = 0) A2 ! L ! L !
! 1 1 1
TOON = 1, TOLON = 1 : '—'—l |—|' 1 |—|' 1
) Hi-Z
(Same output waveform as TOLOn = 0) ' : T | T | T
—>1 . Ir{dependeﬁt of TOLOn seiting :
Dependent on TOON setting ! ! \ |
i o . E Z Z
! [ I ! I I
Port output is enabled ! ! ! ! !
A A A A A
Toggle Toggle Toggle Toggle Toggle

TOON pin transition

Remarks 1. Toggle: Reverse TOOn pin output status
2. n=04

However in case of (TOOn) n changes as below.

KE3-L:n =0-4
KC3-L:n=1-3
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(b) When operation starts with TOMOn = 1 setting (Combination-operation mode (PWM output))

When TOMON = 1, the active level is determined by TOLOn setting.

Figure 6-27. TOOn Pin Output Status at PWM Output (TOMOn = 1)

TOEON

Default level, TOLON setting
TOOn =0, TOLONn =0
(Active high)
TOONn=1,TOLON =0
(Active high)

TOON =0, TOLON =1
(Active low)

TOOn =1, TOLON =1
(Active low)

Port output is enabled ' E

A A A
Set Reset Set Reset Set
TOON pin transition
Remarks 1. Set: The output signal of TOOn pin changes from inactive level to active level.

Reset: The output signal of TOOn pin changes from active level to inactive level.

2. n=04

Dependent on TOON setting

L
[

R

Hi-zé : éV\r\lochange:
PP I Vi e B

1

o+
1

~—1 E Deper{dent on TOLON settingi

A 1 '

However in case of (TOONn) nchanges as below.

KE3-L:n =0-4
KC3-L:n=1-3

A A
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(3) Operation of TOON pin in combination-operation mode (TOMOn = 1)

(a) When TOLON setting has been changed during timer operation
When the TOLOnN setting has been changed during timer operation, the setting becomes valid at the generation
timing of TOOn change condition. Rewriting TOLONn does not change the output level of TOON.
The following figure shows the operation when the value of TOLOn has been changed during timer operation
(TOMON = 1).

Figure 6-28 Operation when TOLOn Has Been Changed during Timer Operation

Output set signal 1 1 1 1
(Internal signal) . ;
Output reset signal N M g '\
(Internal signal) : : ( X

?
TOLON \ \ /I\ > ‘. >
/»" »/»" / »

TOON pin [1 [1 2] L1

TOON does not change  Set/reset signals are inverted

Remarks 1. Set: The output signal of TOOn pin changes from inactive level to active level.
Reset: The output signal of TOOn pin changes from active level to inactive level.
2. n=04

However in case of (TOOn) n changes as below.
KE3-L:n = 0-4
KC3-L:n =1-3

(b) Set/reset timing
To realize 0%/100% output at PWM output, the TOOn pin/TOON set timing at master channel timer interrupt
(INTTMOn) generation is delayed by 1 count clock by the slave channel.
If the set condition and reset condition are generated at the same time, a higher priority is given to the latter.
Figure 6-31 shows the set/reset operating statuses where the master/slave channels are set as follows.

Master channel: TOEOn =1, TOMOn =0, TOLOn =0
Slave channel: TOEOp =1, TOMOp =1, TOLOp =0
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Master channel

Slave channel

fok

Count clock

INTTMOn

to_reset
(Internal signal)

TOON pin/
TOON

to_set
(Internal signal)

INTTMOp

to_reset
(Internal signal)

TOOp pin/
TOOp

Figure 6-29. Set/Reset Timing Operating Statuses

[ L

JEREERERERS

L

L L

Delays to_reset by 1 count
clock with slave channel

\—

Set

Remarks 1. to_reset: TOOn pin reset/toggle signal

to_set:

TOON pin set signal

2. n = 0-4 (However in case of master channel n = 0, 2)

3.

In case of timer output pin (TOOn), n changes as below.
KE3-L:n = 0-4
KC3-L:n =1-3

4. p=n+1,n+2, n+3...
(However p <4)

Reset
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6.4.4 Collective manipulation of TOOn bits

In the TOO register, the setting bits for all the channels are located in one register in the same way as the TS0 register

(channel start trigger). Therefore, TOOnN of all the channels can be manipulated collectively. Only specific bits can also be
manipulated by setting the corresponding TOEONn = 0 to a target TOOn (channel output).

Before writing

TOO 0 0 0 0 0 TOO04 | TO03 | TO02 | TOO01 | TOOO
0 0 0 1 0
TOEO 0 0 0 0 0 TOE04 | TOEO3 | TOEO2| TOEO1 | TOEQO
0 0 0 1 1
Data to be written
Lo fo]o] o JoJofo [ [t Jof 1 ]1]
After writing ? ? ? % %
TOO 0 0 0 0 0 TOO04 | TO03 | TO02 | TOO01 | TOOO
0 0 0 1 0

Figure 6-30. Example of TOOn Bits Collective Manipulation

Writing is done only to TOOn bits with TOEOn = 0, and writing to TOOnN bits with TOEOn = 1 is ignored.
TOON (channel output) to which TOEOn = 1 is set is not affected by the write operation. Even if the write operation is
done to TOON, it is ignored and the output change by timer operation is normally done.
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Figure 6-31. TOOn Pin Statuses by Collective Manipulation of TOOn Bits

Two or more TOOn output can
) be changed simultaneously
TOO04 J \\‘/
b
' s Output does not change
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TOO02 -

~
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/

/

1
'
'
1
1
1
\!,/
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i
v’ RS
—)
L
1
1
1
1
'
'
i
4

Writing to TOOn register
A A is ignored when TOEON
=1

N1

Before writing  Writing to TOOn register

Caution When TOEONn = 1, even if the output by timer interrupt of each timer (INTTMOn) contends with
writing to TOONn, output is normally done to TOOn pin.

Remark n=0-7
However In case of timer output pin (TOOn), n changes as below.

KE3-L:n = 0-4
KC3-L:n=1-3

6.4.5 Timer Interrupt and TOOn Pin Output at Operation Start

In the interval timer mode or capture mode, the MDONO bit in the TMROnN register sets whether or not to generate a
timer interrupt at count start.

When MDONO is set to 1, the count operation start timing can be known by the timer interrupt (INTTMOn) generation.

In the other modes, neither timer interrupt at count operation start nor TOOn output is controlled.

Below shows operation examples when the interval timer mode (TOEOn = 1, TOMOn = 0) is set.

Figure 6-32. When MDONO is set to 1

TCRONn M

TEON |
INTTMON R M M

TOON N | —

Count operation start

When MDONO is set to 1, a timer interrupt (INTTMOn) is output at count operation start, and TOOn performs a toggle
operation.
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Figure 6-33. When MDONO is set to 0

TCRON M

TEOn |
INTTMON 5 HIE M
' ! i
TOONn ; N [
i 9

Count operation start

When MDONO is set to 0, a timer interrupt (INTTMON) is not output at count operation start, and TOOn does not change
either. After counting one cycle, INTTMOn is output and TOOn performs a toggle operation.

Remark n=0-7
However In case of timer output pin (TOOn), n changes as below.

KE3-L:n = 0-4
KC3-L:n=1-3

6.5 Channel Input (TIOn Pin) Control

6.5.1 TIOn edge detection circuit

(1) Edge detection basic operation timing
Edge detection circuit sampling is done in accordance with the operation clock (MCK).

Figure 6-34. Edge Detection Basic Operation Timing

w JUUTUTTTIIUUrvvriouiut
Operation clock (MCK) _|_| |—| |—| |—| |—| |_| |_| |_| |_|

Synchronized (noise filter)
internal T10n signal | |

Rising edge detection internal trigger |_|

Falling edge detection internal trigger |_|

Remark n=0-4
However In case of timer output pin (TIOn), n changes as below.

KE3-L:n = 0-4
KC3-L:n=1-3
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6.6 Basic Function of Timer Array Unit

6.6.1 Overview of single-operation function and combination-operation function

The timer array unit (Below known as TAU) consists of several channels and has a single-operation function that allows
each channel to operate independently, and a combination-operation function that uses two or more channels in
combination.

The single-operation function can be used for any channel, regardless of the operation mode of the other channels.

The combination-operation function is realized by combining a master channel (reference timer that mainly counts
periods) and a slave channel (timer that operates in accordance with the master channel), and several rules must be
observed when using this function.

6.6.2 Basic rules of combination-operation function
The basic rules of using the combination-operation function are as follows.

(1) Only an even channel (channel 0, channel 2, channel 4, etc.) can be set as a master channel.
(2) Any channel, except channel 0, can be set as a slave channel.
(3) The slave channel must be lower than the master channel.
Example: If channel 2 is set as a master channel, channel 3 or those that follow (channel 3, channel 4, channel
5....) can be set as a slave channel.
If channel O is set as a master channel, channel 1, 2, or 3 (only up to channel 3 on TAU1.) can be set
as a slave channel.

(4) Multiple slave channels can be set for one master channel.
(5) When two or more master channels are to be used, slave channels with a master channel between them may not
be set.
Example: If channels 0, 4 of the TAUO are set as master channels, channels 1 - 3 can be set as the slave
channels of master channel 0. Channels 5 - 7 cannot be set as the slave channels of master channel 0.

(6) The operating clock for a slave channel in combination with a master channel must be the same as that of the
master channel. The CKS bit (bit 15 of the TMRON register) of the slave channel that operates in combination with
the master channel must be the same value as that of the master channel.

(7) A master channel can transmit INTTMOn (interrupt), start software trigger, and count clock to the lower channels.

(8) A slave channel can use the INTTMOn (interrupt), start software trigger, and count clock of the master channel, but
it cannot transmit its own INTTMOn (interrupt), start software trigger, and count clock to the lower channel.

(9) A master channel cannot use the INTTMOn (interrupt), start software trigger, and count clock from the other higher
master channel.

(10) To simultaneously start channels that operate in combination, the TSOn bit of the channels in combination must be
set at the same time.

(11) During a counting operation, the TSOn bit of all channels that operate in combination or only the master channel
can be set. TSOn of only a slave channel cannot be set.

(12) To stop the channels in combination simultaneously, the TTOn bit of the channels in combination must be set at the

same time.
Remark n=0-7
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6.6.3 Applicable range of basic rules of combination-operation function
The rules of the combination-operation function are applied in a channel group (a master channel and slave channels

forming one combination-operation function).

If two or more channel groups that do not operate in combination are specified, the basic rules of the combination-
operation function in 6.6.2 Basic rules of combination-operation function do not apply to the channel groups.

Example

| Channel 2: Slave |

CKO00 ' | Channel 0: Master |
: | Channel 1: Slave |
: | Channel 2: Master |
CKO1

| Channel 4: Single-operation function |

o

Channel group 1
/(combination-operation function)

Channel group 2
(combination-operation function)

* A channel that singly operates may be
between channel group 1 and channel group
2.

/
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6.7 Operation of Timer Array Unit as Independent Channel
6.7.1 Operation as interval timer/square wave output
(1) Interval timer

The timer array unit can be used as a reference timer that generates INTTMOn (timer interrupt) at fixed intervals.
The interrupt generation period can be calculated by the following expression.

Generation period of INTTMOnN (timer interrupt) = Period of count clock x (Set value of TDROn + 1) |

A subsystem clock divided by four (fsus/4) can be selected as the count clock, in addition to CKOO and CKO1.
Consequently, the interval timer can be operated with the count clock fixed to fsue/4, regardless of the fcik
frequency (main system clock, subsystem clock). When changing the clock selected as fcik (changing the value of
the system clock control register (CKC)), however, stop the timer array unit (TAU) (TTO = 00FFH) first.

(2) Operation as square wave output

TOON performs a toggle operation as soon as INTTMOn has been generated, and outputs a square wave with a
duty factor of 50%.

The period and frequency for outputting a square wave from TOOn can be calculated by the following expressions.

| ¢ Period of square wave output from TOOn = Period of count clock x (Set value of TDRONn + 1) x 2 |

| ¢ Frequency of square wave output from TOOn = Frequency of count clock/{(Set value of TDROn + 1) x 2} |

TCRON operates as a down counter in the interval timer mode.

TCRON loads the value of TDRON at the first count clock after the channel start trigger bit (TSOn) is set to 1. If
MDONO of TMROn = 0 at this time, INTTMOn is not output and TOOn is not toggled. If MDOnO of TMROn = 1,
INTTMOn is output and TOOn is toggled.

After that, TCRON count down in synchronization with the count clock.

When TCROn = 0000H, INTTMOn is output and TOOn is toggled at the next count clock. At the same time, TCROn
loads the value of TDROnN again. After that, the same operation is repeated.

TDRON can be rewritten at any time. The new value of TDROn becomes valid from the next period.

Remark1. n=0-7

However in case of square wave output operation or timer output pin(TOOn)n changes as

below
KE3-L:n = 0-4
KC3-L:n=1-3

2. fck :CPU/Peripheral hardware clock frequency
fsue :Subsystem clock oscillation frequency
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Figure 6-35. Block Diagram of Operation as Interval Timer/Square Wave Output

CKO1 5
Operation clock °©
CKo0o %
° Timer counter o)
< < utput ;
o2 8 —| register On (TCRON) controller © TO0n pin
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W
©
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E Ti dat: Int t
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% register On(TDRON) controller (INTTMoOn)
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Figure 6-36. Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDONO = 1)

TSOn f

TEOn

TCRON N
0000H

TDRON a X b
TOON ‘
INTTMON |
a+1 a+1 a+1 b+1 ' b+1 ' b+1

Remark n=0-7

However in case of square wave output operation or timer output pin(TOOn)n changes as below

KE3-L:n = 0-4
KC3-L:n=1-3
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Figure 6-37. Example of Set Contents of Registers during Operation as Interval Timer/Square Wave Output (1/3)
(1) When CK00, CKO1 is selected as count clock

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON | ckson CCSOon T“é’;‘:'n STSON2|STSONn1|STSONO | CISON1 | CISONO MDON3 | MDOn2 | MDOn1 | MDOnO
1/0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1/0
| I I | |

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMOnN nor inverts
timer output when counting is started.
1: Generates INTTMOn and inverts timer
output when counting is started.

| Selection of TIOn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

|__Slave/master selection
0: Cleared to 0 when single-operation function is selected.

| Count clock selection
0: Selects operation clock.

| Operation clock selection
0: Selects CKO0O0 as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Timer output register 0 (TOO0)

Bit n
TOO TOON 0: Outputs 0 from TOON.
1/0 1: Outputs 1 from TOON.

(c) Timer output enable register 0 (TOEO)

Bit n
TOEO | TOEON 0: Stops the TOOnN output operation by counting operation.
1/0 1: Enables the TOOn output operation by counting operation.

(d) Timer output level register 0 (TOLO)
Bit n
TOLO [ TOLON 0: Cleared to 0 when TOMOn = 0 (toggle mode)
0

(e) Timer output mode register 0 (TOMO)
Bit n
TOMO | TOMON 0: Sets toggle mode.
0

Remark n=0-7,
However in case of square wave output operation or timer output pin(TOOn)n changes as below

KE3-L:n = 0-4
KC3-L:n=1-3
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Figure 6-37. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (2/3)
(2) When fsus/4 is selected as count clock

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON | ckson CCSon T“é:‘:n STSO0n2|STSON1|STSONO| CISON1 | CISONO MDON3 | MDON2 | MDOn1 | MDONO
1/0 0 0 1 0 0 0 0 1/0 1/0 0 0 0 0 0 1/0
| I I | |

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMOnN nor inverts
timer output when counting is started.
1: Generates INTTMOn and inverts timer
output when counting is started.

| fsus/4 edge selection
00B: Detects falling edge (counts on fsue/4 cycles).
01B: Detects rising edge (counts on fsus/4 cycles).
10B: Detects both edges (counts on fsus2 cycles).
11B: Setting prohibited

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
0: Cleared to 0 when single-operation function is selected.

| Count clock selection
1: Selects subsystem clock divided by four (fsus/4).

| Operation clock selection
0: Selects CKO0O as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.
fewk (no division) is selected as selected operation clock by TPSO register.

(b) Timer clock select register m0 (TPSO0)

Bits 7-4,3-0
TPSO PRSO0k3 to PRS0k0 | 0000B: Selects fcik (no division) as operation clock selected by CKSOn of TMRON register.
0000 k =0 (bits 0 to 3) when CKO0O is selected and k = 1 (bits 4 to 7) when CKO1 is selected

(c) Timer input select register m (TIS0)
Bit n
TISO TISOn 1: Selects subsystem clock divided by four (fsue/4).
1

(d) Timer output register m (TOO0)

Bit n
TOO TOON 0: Outputs 0 from TOON.
1/0 1: Outputs 1 from TOON.

Remark 1. n=0-7, k=0, 1
However in case of square wave output operation or timer output pin(TOOn)n changes as below
KE3-L:n = 0-4
KC3-L:n =1-3

2. fsus:Subsystem clock oscillation frequency
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Figure 6-37. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (3/3)

(2) When fsue/4 is selected as count clock (continued)

(e) Timer output enable register m (TOEOQ)

Bit n
TOEO |TOEON 0: Stops the TOON output operation by counting operation.
1/0 1: Enables the TOOnN output operation by counting operation.

(f) Timer output level register m (TOLO)
Bit n
TOLO | TOLON 0: Cleared to 0 when TOMOnN = 0 (toggle mode)
0

(g) Timer output mode register m (TOMO)
Bit n

TOMO | TOMON 0: Sets toggle mode.
0

Remark n=0-7

However in case of square wave output operation or timer output pin(TOOn)n changes as below

KE3-L:n = 0-4

KC3-L:n =1-3
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Figure 6-38. Operation Procedure of Interval Timer/Square Wave Output Function

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting | | disabled)
Sets the TAUOEN bit of the PERO register to 1. —® Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Sets the TPSO register.
Determines clock frequencies of CKOO and CKO1.

Channel | Sets the TMROnN register (determines operation mode of | Channel stops operating.

default channel). (Clock is supplied and some power is consumed.)
setting Sets the TISOn bit to 1 (fsus/4) when fsus/4 is selected as
the count clock.

Sets interval (period) value to the TDRON register.

To use the TOON output The TOON pin goes into Hi-Z output state.
Clears the TOMOn bit of the TOMO register to 0 (toggle
mode).

Clears the TOLOnN bit to 0.

Sets the TOON bit and determines default level of the

TOON output. » The TOON default setting level is output when the port mode
register is in the output mode and the port register is 0.

Sets TOEON to 1 and enables operation of TOON. jTOOn does not change because channel stops operating.
Clears the port register and port mode register to 0. The TOON pin outputs the TOON set level.

v

Operation is resumed.

Operation | Sets TOEON to 1 (only when operation is resumed).
start Sets the TSOn bit to 1. TEOn = 1, and count operation starts.
The TSOn bit automatically returns to 0 because it is a Value of TDROnN is loaded to TCROnN at the count clock
trigger bit. input. INTTMOn is generated and TOOn performs toggle
operation if the MDONO bit of the TMROn register is 1.
During Set values of TMROn, TOMO, and TOLO registers cannot | Counter (TCRON) counts down. When count value reaches
operation | be changed. 0000H, the value of TDROn is loaded to TCRON again and the
Set value of the TDROnN register can be changed. count operation is continued. By detecting TCROn = 0000H,
The TCROnN register can always be read. INTTMOn is generated and TOOn performs toggle operation.
The TSRON register is not used. After that, the above operation is repeated.
Set values of the TOO0 and TOEQO registers can be
changed.
Operation | The TTOn bit is set to 1. TEON = 0, and count operation stops.
stop The TTOn bit automatically returns to 0 because it is a TCRON holds count value and stops.
trigger bit. The TOON output is not initialized but holds current status.
TOEON is cleared to 0 and value is set to TOOn bit. — The TOON pin outputs the TOON set level.
TAU To hold the TOON pin output level
stop Clears TOON bit to 0 after the value to
be held is set to the port register. ————{»The TOON pin output level is held by port function.
When holding the TOOn pin output level is not
necessary —® The TOON pin output level goes into Hi-Z output state.
Switches the port mode register to input mode.
The TAUOEN bit of the PERO register are cleared to
0. » Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOON bit is cleared to 0 and the TOON pin is set to
port mode.)
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Remark n=0-7
However in case of square wave output operation or timer output pin(TOOn)n changes as below
KE3-L:n = 0-4
KC3-L:n =1-3

6.7.2 Operation as external event counter

The timer array unit can be used as an external event counter that counts the number of times the valid input edge
(external event) is detected in the TIOn pin. When a specified count value is reached, the event counter generates an
interrupt. The specified number of counts can be calculated by the following expression.

| Specified number of counts = Set value of TDRON + 1

TCRON operates as a down counter in the event counter mode.

When the channel start trigger bit (TSOn) is set to 1, TCROnN loads the value of TDRON.

TCRON counts down each time the valid input edge of the TIOn pin has been detected. When TCROn = 0000H, TCROn
loads the value of TDROn again, and outputs INTTMOn.

After that, the above operation is repeated.

TOON must not be used because its waveform depends on the external event and irregular.

TDRON can be rewritten at any time. The new value of TDROn becomes valid during the next count period.

Figure 6-39. Block Diagram of Operation as External Event Counter

c
o
Ed E
TIOn pin©_>detecgt?on @ Timer counter
E] —=| register On (TCRON)
O
S /T
5
TS0 % Timer data Interrupt | Interrupt signal

n 5 register On (TDRON
% g ( ) controller (INTTMOn)
=

Figure 6-40. Example of Basic Timing of Operation as External Event Counter

TSOn

TEONn

Tion 8 T S |

3 3
2 2 2 2
TCROn OOOOH\ 1 O‘\ I ! 0 IlIO \ !
/ / J

TDRON 0003H X 0002H

INTTMOnN

4 events 4 events 3 events

Remark n=0-4
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Figure 6-41. Example of Set Contents of Registers in External Event Counter Mode

(a) Timer mode register On (TMROnN)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON CKSOn CCSon T'\é:gn STS0n2|STSONn1|STSONO| CISONn1 | CISONO MDOn3 | MDOn2 | MDOn1 [ MDOnO

1/0 0 0 1 0 0 0 0 1/0 | 1/0 0 0 0 1 1 0

Operation mode of channel n
011B: Event count mode

Setting of operation when counting is started
0: Neither generates INTTMOn nor inverts
timer output when counting is started.

|__Selection of TIOn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
0: Cleared to 0 when single-operation function is selected.

| Count clock selection
1: Selects the TIOn pin input valid edge.

| __Operation clock selection 0: Selects CKOO as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Timer output register m (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register m (TOEOQ)
Bit n
TOEO | TOEON 0: Stops the TOOnN output operation by counting operation.
0

(d) Timer output level register m (TOLO)
Bit n
TOLO | TOLON 0: Cleared to 0 when TOMOn = 0 (toggle mode).
0

(e) Timer output mode register m (TOMO)
Bit n
TOMO | TOMON 0: Sets toggle mode.
0

Remark n=0-4
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Operation is resumed.
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Figure 6-42. Operation Procedure When External Event Counter Function Is Used

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register is
seting | | disabled) ]
Sets the TAUOEN bit of the PERO register to 1. —®Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines clock frequencies of CKOO and CKO1.
Channel | Sets the TMROnN register (determines operation mode of | Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)
setting Sets number of counts to the TDRON register.
Clears the TOEON bit of the TOEO register to 0.
Operation | Sets the TSOn bit to 1. TEOn = 1, and count operation starts.
start The TSOn bit automatically returns to 0 because it is a Value of TDROnN is loaded to TCRONn and detection of
trigger bit. the TIOn pin input edge is awaited.
During Set value of the TDROnN register can be changed. Counter (TCRON) counts down each time input edge of the
operation | The TCROn register can always be read. TIOn pin has been detected. When count value reaches
The TSRON register is not used. 0000H, the value of TDROn is loaded to TCRON again, and
Set values of TMRONn, TOMOn, TOLOn, TOON, and the count operation is continued. By detecting TCROn =
TOEON registers cannot be changed. 0000H, the INTTMOn output is generated.
After that, the above operation is repeated.
Operation | The TTOn bit is set to 1. TEOn = 0, and count operation stops.
stop The TTOn bit automatically returns to 0 because it is a TCRON holds count value and stops.
trigger bit.
TAU stop | The TAUOEN bit of the PERO register is cleared to 0.—— Power-off status

All circuits are initialized and SFR of each channel is also
initialized.

Remark n=0-4
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6.7.3 Operation as frequency divider (only channel 0 of 78KOR/KE3-L)
The timer array unit can be used as a frequency divider that divides a clock input to the TI00 pin and outputs the result

from TOO0O.
The divided clock frequency output from TOOO can be calculated by the following expression.

¢ When rising edgef/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDROO + 1) x 2}
¢ When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDROO + 1)

TCROO operates as a down counter in the interval timer mode.

After the channel start trigger bit (TS00) is set to 1, TCROO loads the value of TDROO when the TIOn valid edge is
detected. If MDONO of TMRONn = 0 at this time, INTTMOn is not output and TOOn is not toggled. If MD0OOO of TMROO = 1,
INTTMOO is output and TOOQO is toggled.

After that, TCROO counts down at the valid edge of TI00. When TCR0O = 0000H, it toggles TO00. At the same time,
TCRON loads the value of TDRO0O0 again, and continues counting.

If detection of both the edges of TIOO is selected, the duty factor error of the input clock affects the divided clock period

of the TOOO output.
The period of the TO0O0 output clock includes a sampling error of one period of the operation clock.

Clock period of TO0O0 output = Ideal TO00 output clock period + Operation clock period (error) |

TDROO can be rewritten at any time. The new value of TDR00 becomes valid during the next count period.

Figure 6-43. Block Diagram of Operation as Frequency Divider

S

Edge E

TI00 pin ©— ; 3 Timer counter Output )
detection é —| register 00 (TCRO0O0) controller @ TOO0 pin
O
s /T
5
2 Timer data
TS00 o register 00 (TDRO0O)
=3
=
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Figure 6-44. Example of Basic Timing of Operation as Frequency Divider (MD00O = 1)
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Figure 6-45. Example of Set Contents of Registers When Frequency Divider Is Used

(a) Timer mode register 00 (TMR0O0)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MAS
TMROO | cksoo CCS00 | o0 [STS002|STS001|STS000| CIS001 | CISO00 MD003 | MD002 | MD001 | MD00O

1/0 0 0 1 0 0 0 0 1/0 | 1/0 0 0 0 0 0 1/0

I I I | I

Operation mode of channel n

000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMOO nor inverts
timer output when counting is started.
1: Generates INTTMOO and inverts timer
output when counting is started.

L__Selection of TI0OO pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

| Start trigger selection
000B: Selects only software start.

L__Slave/master selection
0: Cleared to 0 when single-operation function is selected.

L__Count clock selection
1: Selects the TI00 pin input valid edge.

| Operation clock selection 0: Selects CKO0O as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Timer output register m (TOO0)

Bit O
TOO TO00 0: Outputs 0 from TOOO.
1/0 1: Outputs 1 from TOOO.

(c) Timer output enable register m (TOEO)

Bit 0
TOEO | TOEOO 0: Stops the TO0O0 output operation by counting operation.
1/0 1: Enables the TO0O output operation by counting operation.

(d) Timer output level register m (TOLO)
Bit 0
TOLO | TOLOO 0: Cleared to 0 when TOMOnN = 0 (toggle mode)
0

(e) Timer output mode register m (TOMO)

Bit 0
TOMO | TOMoO 0: Sets toggle mode.
0
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Figure 6-46. Operation Procedure When Frequency Divider Function Is Used

Software Operation

Hardware Status

Clears TOOO bit to 0 after the value to

be held is set to the port register.
When holding the TOOO pin output level is not
necessary

TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PERO register to 1. —» Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, emabled)
Sets the TPSO register.
Determines clock frequencies of CK0O0 and CKO1.
Channel | Sets the TMROO register (determines operation mode of | Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)
setting Sets interval (period) value to the TDROOregister.
Clears the TOMOO bit of the TOMO register to 0 (toggle The TOO0O pin goes into Hi-Z output state.
mode).
Clears the TOLOO bit to 0.
Sets the TOO0O0 bit and determines default level of the
TOO0O0 output. The TOO0O default setting level is output when the port mode
register is in output mode and the port register is 0.
Sets TOEOO to 1 and enables operation of TO00. ——®»TOO00 does not change because channel stops operating.
Clears the port register and port mode register to 0. ——® The TO00 pin outputs the TOO0O set level.
Rg Operation | Sets the TOEOQO to 1 (only when operation is resumed).
start Sets the TSO00 bit to 1. TEOO = 1, and count operation starts.
The TSO00 bit automatically returns to 0 because it is a Value of TDROO is loaded to TCROO at the count clock
trigger bit. input. INTTMOO is generated and TOOO performs toggle
operation if the MDOOO bit of the TMROO register is 1.
5 During Set value of the TDROO register can be changed. Counter (TCRO00) counts down. When count value reaches
g operation | The TCROO register can always be read. 0000H, the value of TDROO is loaded to TCR0O again, and
§ The TSROO register is not used. the count operation is continued. By detecting TCROO =
Z Set values of TOO and TOEO registers can be changed. 0000H, INTTMOO is generated and TO0O performs toggle
S Set values of TMR00, TOMOQO, and TOLOO registers operation.
kS cannot be changed. After that, the above operation is repeated.
(]
OQ' Operation | The TT0O bit is set to 1. » TEOO = 0, and count operation stops.
stop The TTOO bit automatically returns to 0 because it is a TCROO holds count value and stops.
trigger bit. The TOOO output is not initialized but holds current status.
TOEOO is cleared to 0 and value is set to the TO00
L] register. » The TOOO pin outputs the TOON set level.
TAU stop | To hold the TOOO pin output level

P The TOOO pin output level is held by port function.

Switches the port mode register to input mode. —® The TOO0O pin output level goes into Hi-Z output state.

The TAUOEN bit of the PERO register is cleared to 0.

» Power-off status

All circuits are initialized and SFR of each channel is also
initialized.
(The TOOO bit is cleared to 0 and the TOO0O pin is set to

port mode).
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6.7.4 Operation as input pulse interval measurement
The count value can be captured at the TIOn valid edge and the interval of the pulse input to TIOn can be measured.
The pulse interval can be calculated by the following expression.

TIOn input pulse interval = Period of count clock x ((10000H x TSROn: OVF) + (Capture value of TDROn + 1))

Caution The TIOn pin input is sampled using the operating clock selected with the CKSOn bit of the TMRONn
register, so an error equal to the number of operating clocks occurs.

TCRON operates as an up counter in the capture mode.

When the channel start trigger (TSOn) is set to 1, TCROn counts up from 0000H in synchronization with the count clock.

When the TIOn pin input valid edge is detected, the count value is transferred (captured) to TDROn and, at the same
time, the counter (TCRON) is cleared to 0000H, and the INTTMOn is output. If the counter overflows at this time, the OVF
bit of the TSRON register is set to 1. If the counter does not overflow, the OVF bit is cleared. After that, the above
operation is repeated.

As soon as the count value has been captured to the TDROnN register, the OVF bit of the TSROn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF bit of
the TSRON register is set to 1. However, the OVF bit is configured as a cumulative flag; the correct interval value cannot
be measured if an overflow occurs more than once.

Set STSON2 -STSONO of the TMRON register to 001B to use the valid edges of TIOn as a start trigger and a capture
trigger.

When TEOn = 1, instead of the TIOn pin input, a software operation (TSOn = 1) can be used as a capture trigger.

Figure 6-47. Block Diagram of Operation as Input Pulse Interval Measurement

S

CKo1 8

Operation clock 3 Timer counter

CKO0 E] —| register On (TCRON)
(&}
o

. Edge 2 \l
TIOn pin@Q— )
P detection % Timer data Interrupt .

e register On (TDRON) controller [ Interrupt signal

TSon 2 (INTTMOn)
-
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Figure 6-48. Example of Basic Timing of Operation as Input Pulse Interval Measurement (MDONO = 0)

TSOn

TEOn

Tion I

FFFFH

TCRON a
0000H

TDRON 0000H X a b c d

INTTMON N

OVF

Remark n=0-4
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Figure 6-49. Example of Set Contents of Registers to Measure Input Pulse Interval

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MA
TMRON | ckson CCSOon TERin STSON2|STSO0N1|STSONO| CISON1 | CISONO MDON3 | MDOn2 | MDOn1 | MDONO

1/0 0 0 0 0 0 0 1 1/0 | 1/0 0 0 0 1 0 1/0

I I I | I

Operation mode of channel n
010B: Capture mode

Setting of operation when counting is started
0: Does not generate INTTMOn when
counting is started.
1: Generates INTTMOn when counting is
started.

L__Selection of TIOn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

|__Capture trigger selection
001B: Selects the TIOn pin input valid edge.

L__Slave/master selection
0: Cleared to 0 when single-operation function is selected.

L__Count clock selection
0: Selects operation clock.

|__Operation clock selection 0: Selects CKO0O as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Timer output register m (TOO0)
Bit n
TOO TOON 0: Outputs 0 from TOON.
0

(c) Timer output enable register m (TOEOQ)
Bit n

TOEO |TOEON 0: Stops TOON output operation by counting operation.
0

(d) Timer output level register m (TOLO)
Bit n
TOLO TOLON 0: Cleared to 0 when TOMOn = 0 (toggle mode).
0

(e) Timer output mode register m (TOMO)
Bit n

TOMO | TOMON 0: Sets toggle mode.
0

Remark n=0-4
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Figure 6-50. Operation Procedure When Input Pulse Interval Measurement Function Is Used

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register is
seting | | disabled)
Sets the TAUOEN bit of the PERO register to 1. —» Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines clock frequencies of CKOO and CKO1.
Channel | Sets the TMROnN register (determines operation mode of | Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)
setting
Operation | Sets TSOn bit to 1. TEOn = 1, and count operation starts.
start The TSO0n bit automatically returns to 0 because it is a TCROnN is cleared to 0000H at the count clock input.
trigger bit. When the MDONO bit of the TMRON register is 1,
INTTMOn is generated.
During Set values of only the CISOn1 and CISOnO bits of the Counter (TCRn) counts up from 0000H. When the TIOn
operation | TMROn register can be changed. pin input valid edge is detected, the count value is
The TDRON register can always be read. transferred (captured) to TDROn. At the same time,
The TCROnN register can always be read. TCROn is cleared to 0000H, and the INTTMOn signal is
The TSRON register can always be read. generated.
Set values of TOMONn, TOLONn, TOONn, and TOEON If an overflow occurs at this time, the OVF bit of the
registers cannot be changed. TSRON register is set; if an overflow does not occur, the
OVF bit is cleared.
After that, the above operation is repeated.
Operation | The TTOn bit is set to 1. TEOn = 0, and count operation stops.
stop The TTOn bit automatically returns to 0 because it is a TCRON holds count value and stops.
trigger bit. The OVF bit of the TSRON register is also held.
TAU stop | The TAUOEN bit of the PERO register is cleared to 0—p Power-off status

All circuits are initialized and SFR of each channel is
also initialized.

Remark n=0-4
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6.7.5 Operation as input signal high-/low-level width measurement

By starting counting at one edge of TIOn and capturing the number of counts at another edge, the signal width (high-
level width/low-level width) of TIOn can be measured. The signal width of TIOn can be calculated by the following
expression.

Signal width of TIOn input = Period of count clock x ((10000H x TSRn: OVF) + (Capture value of TDROn + 1)) |

Caution The TIOn pin input is sampled using the operating clock selected with the CKSO0n bit of the TMRONn
register, so an error equal equivalent to one operation clock occurs.

TCRON operates as an up counter in the capture & one-count mode.

When the channel start trigger (TSOn) is set to 1, TEOn is set to 1 and the TIOn pin start edge detection wait status is
set.

When the TIOn start valid edge (rising edge of TIOn when the high-level width is to be measured) is detected, the
counter counts up in synchronization with the count clock. When the valid capture edge (falling edge of TIOn when the
high-level width is to be measured) is detected later, the count value is transferred to TDROn and, at the same time,
INTTMOn is output. If the counter overflows at this time, the OVF bit of the TSROnN register is set to 1. If the counter does
not overflow, the OVF bit is cleared. TCROn stops at the value “value transferred to TDROn + 1”, and the TIOn pin start
edge detection wait status is set. After that, the above operation is repeated.

As soon as the count value has been captured to the TDROnN register, the OVF bit of the TSROn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF bit of
the TSRON register is set to 1. However, the OVF bit is configured as an integral flag, and the correct interval value cannot
be measured if an overflow occurs more than once.

Whether the high-level width or low-level width of the TIOn pin is to be measured can be selected by using the CISOn1
and CISO0nO bits of the TMRON register.

Because this function is used to measure the signal width of the TIOn pin input, TSOn cannot be set to 1 while TEOn is 1.

CISOn1, CISOn0 of TMRON = 10B: Low-level width is measured.
CISOn1, CISONn0 of TMRON = 11B: High-level width is measured.

Figure 6-51. Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

c
_ CKO1 S
Operation clock 3
CKO00 & Timer counter
) '§ —=| register On (TCROnN)
o
S l
£ ~
Edge s Timer data Interrupt
TIOn pin@Q—= ) 2 register On (TDRON — Interrupt signal
detection g gi ( ) controller (INTTMOn)
=
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Figure 6-52. Example of Basic Timing of Operation as Input Signal High-/Low-Level Width Measurement

TSOn

TEOn

Tion ||

FFFFH

b
TCRON 00001 \/ c

TDRON 0000H a b [

~ ]

INTTMON

OVF

Remark n=0-4
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Figure 6-53. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON | ckson CCSOon T“é:‘:n STSO0n2|STSON1|STSONO| CISON1 | CISONO MDON3 | MDON2 | MDOn1 | MDONO
1/0 0 0 0 0 0 1 0 1 1/0 0 0 1 1 0 0
| | | I |

Operation mode of channel n
110B: Capture & one-count

Setting of operation when counting is started
0: Does not generate INTTMOn when
counting is started.

L__Selection of TIOn pin input edge
10B: Both edges (to measure low-level width)
11B: Both edges (to measure high-level width)

L Start trigger selection
010B: Selects the TIOn pin input valid edge.

L__Slave/master selection
0: Cleared to 0 when single-operation function is selected.

L__Count clock selection
0: Selects operation clock.

L__Operation clock selection
0: Selects CKO0O0 as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Timer output register m (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register m (TOEOQ)
Bit n

TOEO |[TOEON 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register m (TOLO)
Bit n
TOLO TOLON 0: Cleared to 0 when TOMOn = 0 (toggle mode).
0

(e) Timer output mode register m (TOMO)
Bit n

TOMO | TOMON 0: Sets toggle mode.
0

Remark n=0-4
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Figure 6-54. Operation Procedure When Input Signal High-/Low-Level Width Measurement Function Is Used

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register is
seting | disabled)
Sets the TAUOEN bit of the PERO register to 1. —Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines clock frequencies of CKOO and CKO1.
Channel | Sets the TMROnN register (determines operation mode of Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)
setting Clears TOEON to 0 and stops operation of TOON.
Operation | Sets the TSOn bit to 1. » TEOn = 1, and the TIOn pin start edge detection wait
start The TSOn bit automatically returns to 0 because itis a | status is set.
trigger bit.
Detects TIOn pin input count start valid edge. —— ¢+ Clears TCROn to 0000H and starts counting up.
During Set value of the TDRON register can be changed. When the TIOn pin start edge is detected, the counter
operation | The TCROn register can always be read. (TCRON) counts up from 0000H. If a capture edge of the
The TSRON register is not used. TIOn pin is detected, the count value is transferred to
Set values of TMRONn, TOMOn, TOLOn, TOON, and TOEONn | TDRON and INTTMOn is generated.
registers cannot be changed. If an overflow occurs at this time, the OVF bit of the
TSRON register is set; if an overflow does not occur, the
OVF bit is cleared. TCROnN stops the count operation until
the next TIOn pin start edge is detected.
Operation | The TTOn bit is set to 1. TEON = 0, and count operation stops.
stop TTOn bit automatically returns to 0 because it is a TCRON holds count value and stops.
trigger bit. The OVF bit of the TSRON register is also held.
TAU stop | The TAUOEN bit of PERO register is cleared to 0.

» Power-off status

All circuits are initialized and SFR of each channel is

also initialized.

Remark n=0-4
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6.8 Operation of Plural Channels of Timer Array Unit

6.8.1 Operation as PWM function
Two channels can be used as a set to generate a pulse of any period and duty factor.
The period and duty factor of the output pulse can be calculated by the following expressions.

Pulse period = {Set value of TDRONn (master) + 1} x Count clock period

Duty factor [%] = {Set value of TDROm (slave)}/{Set value of TDRONn (master) + 1} x 100
0% output:  Set value of TDROm (slave) = 0000H

100% output: Set value of TDROm (slave) > {Set value of TDROn (master) + 1}

Remark The duty factor exceeds 100% if the set value of TDROm (slave) > (set value of TDROn (master) + 1),
it summarizes to 100% output.

The master channel operates in the interval timer mode and counts the periods. When the channel start trigger (TSOn)
is set to 1, INTTMOn is output. TCROn counts down starting from the loaded value of TDROn, in synchronization with the
count clock. When TCROn = 0000H, INTTMOn is output. TCROn loads the value of TDROn again. After