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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics 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, 1/0 settings or contents of registers. A
device is not initialized until the reset signal is received. A reset operation must be executed immediately
after power-on for devices with reset functions.

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

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or I/O pull-up
power supply may cause malfunction and the abnormal current that passes in the device at this time may
cause degradation of internal elements. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.




How to Use This Manual

Readers This manual is intended for user engineers who wish to understand the functions of the 78K0/Kx2
microcontrollers and design and develop application systems and programs for these devices.
The target products are as follows.

Conventional-specification Products Expanded-specification Products
78K0/KB2 1PD78F0500, 78F0501, 78F0502, 78F0503, 4PD78F0500A, 78F0501A, 78F0502A,
78F0503D, 78F0500(A), 78F0501(A), 78F0502(A), 78F0503A, 78F0503DA, 78F0500A(A),
78F0503(A), 78F0500(A2), 78F0501(A2), 78F0501A(A), 78F0502A(A), 78F0503A(A),
78F0502(A2), 78F0503(A2) 78F0500A(A2), 78F0501A(A2), 78F0502A(A2),
78F0503A(A2)
78K0/KC2 uPD78F0511, 78F0512, 78F0513, 78F0514, uPD78F0511A, 78F0512A, 78F0513A,
78F0515, 78F0513D, 78F0515D, 78F0511(A), 78F0514A, 78F0515A, 78F0513DA, 78F0515DA,
78F0512(A), 78F0513(A), 78F0514(A), 78F0511A(A), 78F0512A(A), 78F0513A(A),
78F0515(A), 78F0511(A2), 78F0512(A2), 78F0514A(A), 78F0515A(A), 78F0511A(A2),
78F0513(A2), 78F0514(A2), 78F0515(A2) 78F0512A(A2), 78F0513A(A2), 78F0514A(A2),
78F0515A(A2)
78K0/KD2 uPD78F0521, 78F0522, 78F0523, 78F0524, uPD78F0521A, 78F0522A, 78F0523A,
78F0525, 78F0526, 78F0527, 78F0527D, 78F0524A, 78F0525A, 78F0526A, 78F0527A,
78F0521(A), 78F0522(A), 78F0523(A), 78F0527DA, 78F0521A(A), 78F0522A(A),
78F0524(A), 78F0525(A), 78F0526(A), 78F0523A(A), 78F0524A(A), 78F0525A(A),
78F0527(A), 78F0521(A2), 78F0522(A2), 78F0526A(A), 78F0527A(A), 78F0521A(A2),
78F0523(A2), 78F0524(A2), 78F0525(A2), 78F0522A(A2), 78F0523A(A2), 78F0524A(A2),
78F0526(A2), 78F0527(A2) 78F0525A(A2), 78F0526A(A2), 78F0527A(A2)
78K0/KE2 pPD78F0531, 78F0532, 78F0533, 78F0534, 4PD78F0531A, 78F0532A, 78F0533A,
78F0535, 78F0536, 78F0537, 78F0537D, 78F0534A, 78F0535A, 78F0536A, 78F0537A,
78F0531(A), 78F0532(A), 78F0533(A), 78F0537DA, 78F0531A(A), 78F0532A(A),
78F0534(A), 78F0535(A), 78F0536(A), 78F0533A(A), 78F0534A(A), 78F0535A(A),
78F0537(A), 78F0531(A2), 78F0532(A2), 78F0536A(A), 78F0537A(A), 78F0531A(A2),
78F0533(A2), 78F0534(A2), 78F0535(A2), 78F0532A(A2), 78F0533A(A2), 78F0534A(A2),
78F0536(A2), 78F0537(A2) 78F0535A(A2), 78F0536A(A2), 78F0537A(A2)
78K0/KF2 uPD78F0544, 78F0545, 78F0546, 78F0547, uPD78F0544A, 78F0545A, 78F0546A,
78F0547D, 78F0544(A), 78F0545(A), 78F0547A, 78F0547DA, 78F0544A(A),
78F0546(A), 78F0547(A), 78F0544(A2), 78F0545A(A), 78F0546A(A), 78F0547A(A),
78F0545(A2), 78F0546(A2), 78F0547(A2) 78F0544A(A2), 78F0545A(A2), 78F0546A(A2),
78F0547A(A2)




Differences Between Conventional-specification Products and Expanded-specification Products
The differences between the conventional-specification products (#PD78F05xx, 78F05xxD) and expanded-
specification products (#PD78F05xxA, 78F05xxDA) of the 78K0/Kx2 microcontrollers are described below.

. A/D conversion time

. X1 oscillator characteristics

. Instruction cycle, peripheral hardware clock frequency, external main system clock frequency, external main
system clock input high-level width, and external main system clock input low-level width (AC characteristics)

. The number of flash memory rewrites and retention time

. Processing time of the self programming library

. Interrupt response time of the self programming library

For details, see 1.1 Differences Between Conventional-specification Products (#PD78F05xx, 78F05xxD) and
Expanded-specification Products (uPD78F05xxA, 78F05xxDA).

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

Organization The manual for the 78K0/Kx2 microcontrollers is separated into two parts: this manual and
the instructions edition (common to the 78K0 microcontrollers).

78K0/Kx2 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
¢ Pin functions e CPU functions
¢ Internal block functions e Instruction set
o Interrupts o Explanation of each instruction

How to Read This Manual It

Other on-chip peripheral functions
Electrical specifications

is assumed that the readers of this manual have general knowledge of electrical

engineering, logic circuits, and microcontrollers.

When using this manual as the manual for (A) grade products and (A2) grade products of

the 78K0/Kx2 microcontrollers:

—Only the quality grade differs between standard products and (A), (A2) grade products.
Read the part number as follows.
¢ uPD78F05xx— 1PD78F05xx(A), 78F05xx(A2)
¢ 4PD78F05xxA— 1PD78F05xxA(A), 78F05xxA(A2)

To gain a general understanding of functions:

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

How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a reserved
word in the RA78K0, and is defined as an sfr variable using the #pragma sfr directive
in the CC78KO0.

To check the details of a register when you know the register name:

— See APPENDIX C REGISTER INDEX.



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

(U12326E).
Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representations: xxx (overscore over pin and signal name)
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary e XXXX OF xxxxB

Decimal Ce 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.
78K0/Kx2 User’'s Manual This manual
78K/0 Series Instructions User's Manual U12326E
78K0/Kx2 Flash Memory Programming (Programmer) Application Note U17739E
78K0/Kx2 Flash Memory Self Programming User’s Manual U17516E
78K0/Kx2 EEPROM™ Emulation Application Note U17517E
78K0 Microcontrollers Self Programming Library Type01 User's Manual U18274E
78K0 Microcontrollers EEPROM Emulation Library TypeO1 User's Manual U18275E

Documents Related to Flash Memory Programming

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

Documents Related to Development Tools (Hardware)

Document Name Document No.
QB-78K0KX2 In-Circuit Emulator User's Manual U17341E
QB-MINI2 On-Chip Debug Emulator with Programming Function User's Manual U18371E

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



Documents Related to Development Tools (Software)

Document Name Document No.

RA78KO0 Ver.3.80 Assembler Package Operation U17199E
User's Manual "> Language U17198E

Structured Assembly Language U17197E
78K0 Assembler Package RA78KO0 Ver.4.01 Operating Precautions (Notification Document) Note ! ZUD-CD-07-0181-E
CC78K0 Ver.3.70 C Compiler Operation U17201E
User's Manual "***? Language U17200E
78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions (Notification Document) Note2 ZUD-CD-07-0103-E
SM+ System Simulator Operation U18601E
User’'s Manual User Open Interface U18212E
ID78K0-QB Ver.2.94 Integrated Debugger User’'s Manual Operation U18330E
ID78K0-QB Ver.3.00 Integrated Debugger User’'s Manual Operation U18492E
PM plus Ver.5.20"*°* Users Manual U16934E
PM+ Ver.6.30""°* User's Manual U18416E

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

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

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

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

4. PM+ Ver. 6.30 is the integrated development environment included with RA78KO0 Ver. 4.01. Software tool

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

Other Documents

Document Name

Document No.

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

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

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

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

version of each document when designing.

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

Windows is a registered trademark or trademark 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.




CONTENTS

CHAPTER 1 OUTLINE.......ociiiiiriiimnnisssmsssssssmss s smss s smss s smms e s smms e s smms s s s smms s eassmmn s sasmme s s snmensnssannns 19
1.1 Differences Between Conventional-specification Products (xPD78F05xx and 78F05xxD) and
Expanded-specification Products (uPD78F05xxA and 78F05XXDA)......ccccucsmmrrissemmnnnssnnnns 19

B T Y oo T g 1Y = T o I ] o TS 20

1.1.2 X1 0SCillator CharaCteriStiCS .. .cuiii et e e e st e e e e e s s eneneeeeaeeeean 20

1.1.3 Time Instruction cycle, peripheral hardware clock frequency, external main system clock frequency,
external main system clock input high-level width, and external main system clock input low-level

Width (AC CharaCteriStCS) ......vuiiiiiiiie e e e e 21

1.1.4 Number of flash memory rewrites and retention time...........coocceiiiii i 22

1.1.5 Processing time for self programming IDrary ..o 23

1.1.6 Interrupt response time for self programming lIDrary ...........coooceeiiieieiee e 29

I =T |-, 33
T I LY o o 1T 1o ] T 34
1.4 Ordering INfOrmation...........ccicoiiieniniirrr s s e an s s e e e e s 35
T.5.1 7BKO/KB2 ...ttt h e bbbttt ae e bt e bt bt et a e h bt b e re e naees 42

BRI 4 3 0 T 2SR 44

1.5.3 7BIKO/KD2...... ettt ettt e e e e ettt e e e e e s s be et eeae e e s s beeeeaaeeesansbsaeeeaeeesannsaeeeaeeaaansnneneaaeaan 47

1.5.4 TBKO/KEZ ...ttt h e bbbttt e et eae e e bt e bt e bt ean e b e e b e e b e e nanenaees 48

BRI 4 31 0 T 2SR 50

1.6 Pin 1dentifiCation.......c.cceciiiiir s s s s s e 51
T = T T [ 0T T | o 52
2 T4 30 T = SR 52

1.7.2 TBIKO/KC2...... ettt e e e e ettt e e e e e e s e beeeeeee e e s nsbeteeaaeee s nsbeeeeeaeeesasssaeaeaeeaaansnnenaaaeann 53

1.7.3 TBKO/KDZ2.......e ettt h bt a e it h e bt eh e bt e et e ae e e he e eh e e bt e bt e e b e b e b e b r e naeas 54

A 4 0 T SR 55

T.7.5 TBIKO/KF2Z ...ttt e e e e ettt e e e e e e teeeeaeesaaa s taeeeaeeea s s taaeeeaeeeaannsseaeeeaeeanansnnenaaaaenn 56

1.8 Outline of FUNCHIONS........oiiiiiirimiiis s s s e an s 57
CHAPTER 2 PIN FUNCTIONS ........ooiiicccrrissceerssssmessssssmsssesssmsssessmmssesssmmssssssnmenesssnmessassnmensessnmensassnnnnes 60
2.1 Pin FUNCHION LiSt ...coiiiiiienriet st n s s s s s s s s s s e s an e s 60
2 R 4107 = 72O 61

2.1.2 TBIKO/KC2 ... ettt ettt e e e e e ettt e e e e e e e s aeteeeaeeeaaaansteeeeaaeee s nsbeeeeeaeee s nnbaeeaeeeeaaanrnreeeaeeaann 64

2.1.3 TBIKO/KD2 ...ttt ettt h et ettt ae b bt bt et e e na e Rt R e n e et ae e h e ne e r e nr e neea 67

2 10T =SSR 70

2.1.5 TBIKO/KF2 ...ttt e e e e e ettt e e e e e e et ettt eeaee e e anteeeeaaeaa e nntaeeeaaeeaanntaeeeaaeeeaanrrreeeaeeean 74

2.2 Description of Pin FUNCLIONS .........cccccicmimiiiciiisescmsn i inssssssssssss s s s ssssss s s sssssssssssssnssnssssssssmmnnns 78
2.2.1 P00 10 POB (DO 0) ....oecveeeeeceeeeeeteeceeeeseeeieseeeesesseeessseeessaesenssaesensssssssseessssssansseesensnesenssessensssanssens 78

2.2.2 P10 0 P17 (DOM 1) oottt een e snaeeenesas s s s e s s se s neenenaneananens 79

2.2.3 P20 10 P27 (DOIt 2) ...ttt sttt b bbb e et ae bt e n et nreenre e 81

2.2.4 P30 10 P33 (DOM 3) c..eueeceeeeeceeeeeeeteeeeeeeesesaeieseeeeeesaeaessseees e s enssaesesaeasnsaseensaesenseeesenanaenananeennansenanens 82

2.2.5 PAO 0 PAT (DOM 4) co.eoeeeeeeeeeeeeeeeeeeeeee e eee e ee e eee e aee s sena e en s en e ee s e e ns s e s enanens 83

2.2.6 P50 0 P57 (DOt 5) . .eieeiieeeetieteet ettt sttt sttt b et b bbbttt ae e n e n et nr e nre e 84

2.2.7 PBO 10 PB7 (DO B) ...oeceeeeeeceeeceeteeeeeeeeeeeesee e esaeaesesaeeeseaesenssaesenasesnsaseessassenssaesensnasnenssesnnansananens 84

2.2.8 P70 10 P77 (DOM 7) coreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee s ee e sae e e enes e s esenaeeennassensneeeenanesensnennnansananens 85

2.2.9 P120 10 P124 (DOt 12) ...ttt sttt st sb ettt sbe bt e n e nneenre e 86

RO1UHO008EJ0401 Rev.4.01
Jul 15, 2010 RENESAS



2.2.10 P10 (DO 13) werrverereeeeeeeeeeeeeeeesseeeseoeeseeseeesesessesseseessesseeeseeees e eesseesseeesseees e eeseeeseeesseeeseses e seseneees 87

P B e PO oI o AR (T o PP P PP UPPRPRRRPPINS 88

2.2.12 AVREF, AVss, VDD, EVDD, VSS, EVSS ..cccciiiiieeeeeeee e 89

2.2.18 RESET ..ottt et E e b e e e r e s r e e en e sreennee e 90

2.2.14 REGC.....oi ettt bbbt b et E e e e bt e b e e eab e eabe e ean e e e beenare e nreennree e 90

2.2.15 FLIMDO ...ttt ettt ettt bt b e bbb bt e be e e b e e e be e beeeabe e ebeeeabeenabeennree e 90

2.3 Pin I/O Circuits and Recommended Connection of Unused Pins........ccccccinnmmmnrennissmnsannnnnns 91
CHAPTER 3 CPU ARCHITECTURE ........ooiireiriecerrssecersssssmesssssmme s esssmms s sessmme s esssmmesesssmmessassnmenssssnnenes 96
3.1 MEMOIY SPACE ....uucmierririiisisssmmnnrsirasssssssmmsessressssssssnmsssssrssasssssnmsssssnsssssssssnmsnssnsssssssssnmnnnssnssssssssnnnnns 96
3.1.1 Internal program MEMOTY SPACE .......cceeiiurrrerireeeiireeeearreeesneeeesanrreesasreeesanreessreeesaanneeesannneesanneesas 111

3.1.2 Memory bank (products whose flash memory is at least 96 KB only) ........ccccooveeieiiiiiiieeeniieeene 113

3.1.3 Internal data MEemMOIY SPACE .......cciii ittt e e et e e e e e e e e e e e e e annnee 114

3.1.4 Special function register (SFR) @rea .........ccociiiiiiiiieiie e 116

3.1.5 Data memory addreSSiNg .........c.cocciiiiiiiiie e e e e 116

3.2 Processor REQISTErS.......ccccuiiuimmimiismnninissssinssssnssssssssnssssss s s ssss s s sams s s s samn s assssmnnnnsssnnnnnnssnnnnes 125
2 B 07T o I (=Y o 1] (= £ PP PO PP URPRURRRTRTN 125

3.2.2 GENEral-PUIPOSE FEUISIEIS....cciuiiiiiitiie ettt e e e et e s e e e sbe e e e e nre e e snneeesnneeeas 129

3.2.3 Special function registers (SFRS) ......cuui i e 130

3.3 Instruction Address AddreSSiNg........cccrurrmrrrmsssmrmmssssrmssss s s s s s e smssnesssmnenss 136
3.3.1 Relative @addreSSiNg..........oooiiiiiiiii e e 136

3.3.2 ImMmediate addreSSiNgG .. .c.cii ettt e e e e e e s e e e e e e annnee 137

RS RC I - o] (= gl [T =Tod A= To [0 [ £=E: T o o PRSP 138

3.3.4 Register @addreSSiNg .........coociiiiiiiiie e e e 139

3.4 Operand Address AdAreSSiNg ......ccccecerrinsmmrmiissnrmmsssrrnssssrrssssss s s s ssmns s ssmnssssssansnss 139
R o I T o] =T Je=To [ [ =1 [T T OO PR R 139

3.4.2 Register @addreSSiNg .........ccociiiiiiiiie e e e e e 140

I I B ] {=Tor = o [0 €= g o OO O PP PT PP OPPPPPPPRRIOE 141

3.4.4 Short direCt @dArESSING ....ceeueiiiiieiiie ettt ettt ettt e st e e s e sabeesneesabeeenseesabeesanee e 142

3.4.5 Special function register (SFR) @ddreSSiNg .......ccicueeeiiiiieiiiee et 143

3.4.6 Register iNdireCt @drESSING .....uuuriiiiiiiiiiiie et e e e s e e e e e e s e ereeeeseannnee 144

3.4.7 Based addreSSiNg........cceuireiiiiieiei et e e e e n e e e e rneeean 145

3.4.8 Based indexed addreSSiNg .........ccocii i e e e 146

O e IS = Vol = To [0 1117 o To [ R P PP PR PR 147

CHAPTER 4 MEMORY BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT

LEAST 96 KB ONLY)....ciiiecmtiiirsmnrisssanssissssmssissssmsssssssnsssssssnsssssssnsssssssanssssssansssnssanssssssannes 148

L 11 =3 TV = T TG 148
4.2 Difference in Representation of Memory SPace .........ccccccmnrmrnssinsessnssmssssssses s sssssssmssssssssas 149
4.3 Memory Bank Select Register (BANK).......ccccuurmmmminsmmmminemnnniessnnsssssssssssssssssssmss s ssmssssssansnes 150
4.4 Selecting MemMOrY BanK .......cccuiuiimiismmnisninsissmsssssssssss s ssssms s ssss s sms sassmssasmsssssss asasssnsmssasanssas 151
4.4.1 Referencing values between memory banks............ccooiiiiiiiiiii 151

4.4.2 Branching instruction between memory Danks.............ooooiiiiiiiiiii 153

4.4.3 Subroutine call between Memory DANKS..........coouiiiiiiiiie e 155

4.4.4 Instruction branch to bank area by INterrupt.........coceeeiiiiii e 157

RO1UHO008EJ0401 Rev.4.01
Jul 15, 2010 RENESAS

10



LT T & T o 0 3T 159
5.2 Port Configuration ......ccccuuceieiiissmmmminsessmnsssssnnssssss s s s s s s ssssms s s s ssms s ssssamnnsnssamnnsnnssnnnns 163
L2 (R o T o A SO SURTRE 164

L2 o o A TSP RSRRRt 175

BL2.3 PO 2.ttt h e E et E e e R Rt bt bt a e ab e b e b e nanenreas 181

L2 oo T A TP SURRE 183

L2 ST o 4 B S OO RERTRRE 186

BL2.8 PO 5.ttt h e e e h e Rt bt bt et b e b e b e nreas 188

L2 A o ¢ A TSP SURTRE 189

L2 T o T o A PRSPt 194

B.2.9 PO 12ttt E et e eh Rt e b b e b b nenenaeas 196

L2 T o ¢ a1 T SO PURTE 199

L2 i T o o A RSP PUPRE 200

5.3 Registers Controlling Port FUNCLION ........ccoiiiimmimninmrnnnnnnss s ssssssss s ssmsssssssmssnns 204
5.4 Port FUNCLiON OPErations ..........ccuucirirminimninisnnss s issss s s ssssss s ssssms s ssss s sms snssmssnsannsas 221
5.4.1 WItING 10 /O PO ... e s 221

5.4.2 Reading from 1/Q POM....ccouuiiiiiiie ettt ettt st enn e nreeeean 221

5.4.3 Operations ON /O POM.......cocuei ittt ettt ettt e be e abe e e sbeeebe e e sbeeeabeesabeesanee e 221

5.5 Settings of Port Mode Register and Output Latch When Using Alternate Function........... 221
5.6 Cautions on 1-Bit Manipulation Instruction for Port Register n (Pn)......ccccccecmmriiimmrniniennnns 224
CHAPTER 6 CLOCK GENERATOR ........oooiiccccerirrcerrsssms s essssms s sssssms s sesssssssesssmsssesssnsesensnnnssenssnmessnsnnns 225
6.1 Functions of ClOCK GENErator ..........ccuuerriiirmmrimissnmninsssessrssssss s sssssssssssssass s sssssss s sssssnssnssssansnsnnss 225
6.2 Configuration of CIOCK GENEIAtOF ........cccceriiiommiimmrsssissnnsssms s s sssss s sas s ssms s sms s ssmssasmnsnsannsnses 226
6.3 Registers Controlling Clock Generator...........cccucecmrcsninimminssmnssssses s s sses s smssssassssans 229
6.4 System CIoCK OSCIllator ..........cccciiimimmiiiiiisiissscsse s issssssssssms s s e s ss s ssssmss e s s s e s s ssssssmmmsns s nesanssnnmnnns 240
L TG B0 T = o PP PURTRRE 240

L2 I o =T 1 = | (o ) SO RURRR 240

6.4.3 When subsystem ClOCK iS NOt USEA ..........oiiiiiiiiiiiiiii e e e 243

6.4.4 Internal high-speed OSCIllAtOr ..........cuiiiiiiiii e e 243

6.4.5 Internal low-speed OSCIllAtOr .........ciuiiiiiiii et 243

B.4.6 PreSCalEr.....ceiiiiiiii e e 243

LSBT 03 (o T2 [ 1T T=T e T Lo gl @ o T=T o 1T o 244
3 I 00T 414 o | g Ve 05 [ 248
6.6.1 Example of controlling high-speed system ClIOCK..........c.ciiiiiiiiiiiiii e 248

6.6.2 Example of controlling internal high-speed oscillation CloCK..........cccccovviriiiiieeeeee e 251

6.6.3 Example of controlling SUbSYStEM CIOCK...........ooiiiiiiiiii e 254

6.6.4 Example of controlling internal low-speed oscillation ClOCK ...........ccoocuiiiiiiiiiiiiiei e 256

6.6.5 Clocks supplied to CPU and peripheral hardWare ..............cooeiiiiieieiiniieeee e 257

6.6.6 CPU clock status transition didagram.............c.cooiiiiiiiiiiiie e e 258

6.6.7 Condition before changing CPU clock and processing after changing CPU clock ............c........... 265

6.6.8 Time required for switchover of CPU clock and main system CloCK ...........ccccerieiiiieinieeiieenieens 266

6.6.9 Conditions before clock oscillation iS STOPPEA .........oeiiiiiiiiiiiiieiee e 268

6.6.10 Peripheral hardware and SOUICE CIOCKS ........coiiiiiiiiiiiiec s 269

RO1UHO008EJ0401 Rev.4.01
Jul 15, 2010 RENESAS



CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 AND O1.....ccccciimnimmmiemmssnmnsnmssnsssnssssssssssssnnnas 270

7.1 Functions of 16-Bit Timer/Event Counters 00 and 01 .......cccccccccmmrrrmmrrsssemersssssceressssmesssssaneees 270
7.2 Configuration of 16-Bit Timer/Event Counters 00 and 01 ........ccccccemmmnisemmmmsssemsnmssssmsssssanen 271
7.3 Registers Controlling 16-Bit Timer/Event Counters 00 and 01...........ccccucemrninmnsmnsssensssannnas 277
7.4 Operation of 16-Bit Timer/Event Counters 00 and 01 ........cc.ccurrrrmmsmrrssrnssmssensssssssssssssssssssanas 289
7.4.1 Interval tImer OPEIatiON. ... ... e 289

7.4.2 Square-wave OUTPUL OPEIATION ........eiiiiiiiei ettt b e e saeesanee e 292

7.4.3 External event CoUNter OPEration ..........c.eoiiiiieiiiiie et 295

7.4.4 Operation in clear & start mode entered by TI0On pin valid edge input........cccceeveiiiieiniieriiieeenn. 299

7.4.5 Free-running tiMer OPEratioN ...........eeei i s s e e e e 312

7.4.6 PPG OUIPUL OPEIALION ...ttt ettt e et e e e e e e e snneeeas 321

7.4.7 One-shot pulse OUTPUL OPEIAtION ..........uuiiiiiiei i e e e e e e e s e st re e e e e e e aannes 325

7.4.8 Pulse width measurement OPEration ............cccceiiieie e 330

7.5 Special USe Of TIVION......cccociiirniiimniississmsinsasssssmssssass s sms s smssasmsasssns e sas s s s mn s smn s s mn s amasanmnsnsannsas 338
7.5.1 Rewriting CROTN during TMON OPEration ..........cocueeiiiiieieiiiieeiriieee ettt e e s snee e e s naneee s 338

7.5.2 Setting LVSON @nd LVRON ....coiiiiiiii ettt sttt ettt ae e sbe e ne e s be e enneesbeesnnee e 338

7.6 Cautions for 16-Bit Timer/Event Counters 00 and 01 .........cccciiimiiminssmssmsinses s sssmssssanseas 340
CHAPTER 8 8-BIT TIMER/EVENT COUNTERS 50 AND 51.....cciiiiiiiiiiemnninsess s sssssmsssssnans 345
8.1 Functions of 8-Bit Timer/Event Counters 50 and 51..........cccoviemnieminsmninssmnsssissssssssmssssssseas 345
8.2 Configuration of 8-Bit Timer/Event Counters 50 and 51 .........cccccccmmriirmmmnnnsmninnnssssmnnsssssens 345
8.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51.........ccccoccmrrrecerrrsssceresssceneenns 348
8.4 Operations of 8-Bit Timer/Event Counters 50 and 51 ........ccccuveminininssmmsssmsssnssmsssssssssessasas 354
8.4.1 Operation as iINTEIVAl TIMET ........uii it e sne e e sbeee s 354

8.4.2 Operation as external @VENT COUNTET .........coiuiiiiiiiieeie ettt snee e 356

8.4.3 Square-wave OUIPUL OPEIAtION ..........eeiiiiiiiieiiie et e s e e e e snneeeas 357

8.4.4 PWM OULPUL OPEIALION. .. .. s 358

8.5 Cautions for 8-Bit Timer/Event Counters 50 and 51 .......ccccccccmrercecmrrnsscerrssssmessssscessessssmeneas 362
CHAPTER 9 8-BIT TIMERS HO AND H1 ... iess s s s ssssms s snsssss s s sssns snssssss snnsnnns 363
9.1 Functions of 8-Bit Timers HO and H1 .......... e 363
9.2 Configuration of 8-Bit Timers HO and H1 ..........ccormreccerrercccrrrn e re s e e e e s 363
9.3 Registers Controlling 8-Bit Timers HO and HT ... 367
9.4 Operation of 8-Bit Timers HO and H ... sses s s s s s ssmssnnns 373
9.4.1 Operation as interval timer/square-wave OUIPUL.............oooiiiiiiiiiie e 373

9.4.2 Operation @S PWM OULPUL.........uuiiiiiiiiiiiiiit ettt e e ee e e e e e e e sere e e e e e s e e s nsbeeeeeesessasseneeaeeeannnnes 376

9.4.3 Carrier generator operation (8-bit timer H1 Only).......coceiiiiiiiiiiieie e 382

RO1UHO008EJ0401 Rev.4.01
Jul 15, 2010 RENESAS



CHAPTER 10 WATCH TIMER......eiiiiiriminnennss s miss s s ssnsssss s sss s smsssasssasssassass ssn s snsssnsssnssans 389

10.1 Functions of WatCh Timer ... s s s s s ms s 389
10.2 Configuration of WatCh Timer ... s s 391
10.3 Register Controlling WatCh Timer .......ccccccciiiniissmmnssinsnins s s sssms s s s ssmssnsaes 391
10.4 Watch Timer OPerations........cccuccrinimnismmisssissss s s ssssss s sas s ssmssssmsssssns sasasasssmssssans 394
10.4.1 Watch timer Operation ... 394

10.4.2 Interval timer OPEratiON........ccoi it e e s e e e e nnneas 394

10.5 Cautions for WatCh Timer........cccirirccirircccr s e s rrssss s ses s s e s sss e s essmn e s esssme s eessmme s sessmms s eensnnns 395
CHAPTER 11 WATCHDOG TIMER ........ciiiiimiiimmsnissemssissssms s sssssss s sssssss s ssssssss esssmss sessssss sesssams s nnssnns 396
11.1 Functions of Watchdog TiMer ........cccccriiirmiiniimrinsiss s ssssssss s s s ssss s s sssss s nnsnns 396
11.2 Configuration of Watchdog Timer ........cccccceciiiiiesmninisnninnss s s s sssnnns 397
11.3 Register Controlling Watchdog Timer.........cucoiiicmicniismmnmsrss s s s ssssmssees s 398
11.4 Operation of Watchdog Timer ........ccciiiommirminiininmsrssssssms s s sss s s sas s sms e smnssssns s 399
11.4.1 Controlling operation of WatChdOg tIMET ...........eiiiiiiiiii e 399

11.4.2 Setting overflow time of watchdog tIMer...........ooiiiiiiiiii e 400

11.4.3 Setting window open period of watchdog timer ............cccocoiiiiiiii 401
CHAPTER 12 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER........ccccconirmmrrinsemnrinsssmsnnnnnnns 403
12.1 Functions of Clock Output/Buzzer Output CONntroller ..........ccccecirirserrnssnmssmsissessssmssssessssanas 403
12.2 Configuration of Clock Output/Buzzer Output Controller...........ccceecmriiiscmrinsssnnnnssnnsssssnnns 404
12.3 Registers Controlling Clock Output/Buzzer Output Controller..........cccuremriirriicnrssnnnanns 404
12.4 Operations of Clock Output/Buzzer Output CONntroller ..........cccciricimiismrnsssmsssssssnssssessssans 408
12.4.1 Operation as ClOCK OUIPUL........cciiiiiiiiie e e e e e e e e e s a e e e e e e e enanraeeeas 408

12.4.2 Operation as DUZZEr OUIPUL.........ooiiiiiii et st e 408
CHAPTER 13 A/D CONVERTER .....cciiiiimiiiiiemnriniemsnisssms s nssssns s snsssss s sssssms s sassssss snsssnss nsssnns snsssnsssnssnnns 409
13.1 FUNCtion Of A/D CONVEIEN.........cciieececerisiscerressmsssssssme s esssams s sssssmsesesssnmssesssnmsssesssnnesenssnmssnssnns 409
13.2 Configuration of A/D CONVEILET .......cccuceirirmiiimnissnmsssmsissns s sssmsssssss s sasssssmssssasssasms snsanssssnses 410
13.3 Registers Used in A/D CONVEMEY ......ccciiiremriiissmnrissmssissssmssssssssss s sssssss s sssssss s sssssssssassssssssnssnns 412
13.4 A/D Converter OPerations .........ccccuiimmscemmisssmsssmsmsssssssss s sssssssssss s sssssssmssasasssssns sasmssnsnnssssnses 421
13.4.1 Basic operations of A/D CONVEIET .........cocuiiiiiiiee et 421

13.4.2 Input voltage and CONVErSION FESUILS .........c.uuiiiiiiie it 422

13.4.3 A/D converter Operation MOTE .........coiuieiiiaiiie ettt ettt ettt e et e ne e s be e e nneesnns 424

13.5 How to Read A/D Converter Characteristics Table.........ccoueecmrircmminsninsssmnssinsssssssssesssaens 426
13.6 Cautions for A/D CONVEIET ........cciiiiimmriiiimriissenssrssams s ssss s ssssssss s sans s nsssass s ssssams s sasssnsssassnnns 428
CHAPTER 14 SERIAL INTERFACE UARTO ......ccccccirrsrecerrsssnmsrrssssmsssssssssssssssnsssesssnsesssssnmsseassnmsssassnns 432
14.1 Functions of Serial Interface UARTO........ccccciiiirmminissmrinismsninsssss s s sssssss s sssssms s snsssssssnssanes 432
14.2 Configuration of Serial Interface UARTO........ccccoirriceeerierscererssemersssssme s essssms s sss e s sesssms s sessnnes 433
14.3 Registers Controlling Serial Interface UARTO........ccccociiiimmnnsmrnssninmssnsssssss s s s sssanas 436
14.4 Operation of Serial Interface UARTO .......cccccmimiiiiiiisissmmmnnrissssssssssssssssssssssssssssssssssssssmssssssnsnss 441
14.4.1 Operation STOP MOGE.......uiiiuiiiiii ettt st ae e bt e e sae e e sab e e ssee e sabeesae e e beesneesares 441

14.4.2 Asynchronous serial interface (UART) MOTE .....cooueiiiiiiieiiiiiee e 442

14.4.3 Dedicated baud rate gENEIatOr..........cuii i et e e e e e eee s 448

14.4.4 Calculation Of DAUA AL ......coeiiiiieieiie et e e e eeenee e e s e e e enneeeeennneas 449

RO1UHO008EJ0401 Rev.4.01
Jul 15, 2010 RENESAS



CHAPTER 15 SERIAL INTERFACE UARTES ........cccciiimimmiinieninisnssssmsensasssssssssssssssssssasssssssassssnsans 453

15.1 Functions of Serial Interface UARTG .........cccceeeeeemrrrrseerressmeressssms s ssssams s sssssms s sesssmessessnmsssessnnes 453
15.2 Configuration of Serial Interface UARTS.........ccccurcmmirmminsmmnsmmmsmsisssssssmssssasssssms s sassssssssssess 457
15.3 Registers Controlling Serial Interface UARTG.........ccccirrirmrminsmsminnssnissess s s sssssssssnssans 460
15.4 Operation of Serial Interface UARTEG .........cccecicmmiismmnimsinsnnnssmssses s sssssssmssssasssssss sasmssnsasssssnses 469
15.4.1 Operation STOP MOTE......co.ueiiiiiieie e e et s e e e e e s nneas 469

15.4.2 Asynchronous serial interface (UART) MOGE ....ccoouuiiiiiiiiiiiiiie et 470

15.4.3 Dedicated baud rate geNErator...........cooiiieiiiiiiie e 483

15.4.4 Calculation Of DAUA FALE ......ooiiiiiiieii e e e e e e e e e e e e eeas 484
CHAPTER 16 SERIAL INTERFACES CSI10 AND CSI11......errricccieecccenr s resssssssccse s s e e e ssssnnnes 490
16.1 Functions of Serial Interfaces CSI10 and CSI11 ... vccrrccccerrsssce e s s re s e s ssmereensas 490
16.2 Configuration of Serial Interfaces CSI10 and CSI11 .......cccciiircciiiiincnninnsr e 491
16.3 Registers Controlling Serial Interfaces CSI10 and CSI1T .......cccceiiccmiiscnmncninssmnsessssesssaeas 493
16.4 Operation of Serial Interfaces CSI10 and CSIT ... 499
16.4.1 Operation STOP MOE........uuiiiiiii et e e e e e e e e se et e e e e e s eesnsbaeeeessensnreeeeas 499

16.4.2 3-Wire Serial I/O MOUE ....coeeieeeiiiie ettt et e e st e e et e e e nnee e e enneeeeeaneeeeennneas 500
CHAPTER 17 SERIAL INTERFACE CSIAQ.........cccciirmmmmriniisssssssssssssrsssssssssmssssssessssssssmsssssssssssssssnmsens 512
17.1 Functions of Serial Interface CSIAD .........cccceiriveemrrrrreerressmerrrssmsrrsssms s sssssms s sessmsssessmsssessnnes 512
17.2 Configuration of Serial Interface CSIAQ..........cccocrircccirrrrcce s e e s s e e e s e s e e e ennsnnes 513
17.3 Registers Controlling Serial Interface CSIAQ .........cccecriiiiccriinissniinss s snsans 515
17.4 Operation of Serial Interface CSIAQ..........cccccirreeemrrrrreerrrsserrrssme e ressms s ssssme s sessme s sessmsssessnnes 524
17.4.1 Operation STOP MOTE......co.uiiiiiieie et e et s e e e e e e e s nneas 524

17.4.2 3-Wire SErial I/O MOTE ...ttt ettt e e e e e et e e e s aneas 525

17.4.3 3-wire serial I/O mode with automatic transmit/receive function...........cccecccveercereiciee e, 530
CHAPTER 18 SERIAL INTERFACE IICO.....ccccciiiiiiiiieccenrinssssssssmsssssssssssssssmsssssssssssssssmmsesssnssssssnnmmnnns 550
18.1 Functions of Serial Interface lICO ...........cccooiricceerirrrer s s rrssms s s e ess s s eesssme s sessmms s sessnnns 550
18.2 Configuration of Serial Interface HICO.........cccceceeerrecreerrrrrce s rrrsme s sseme s esssme s ssme s e smme e ennnes 553
18.3 Registers to Control Serial Interface lICO .........ccceiiirecmriiiismrinnsnr s s snanes 556
18.4 I°C BUS MOAE FUNCLIONS......cceercrercrarreracreeereresassesasssssssesssssssssssesssssssssssssseesssssssssssessssssnsassnss 569
18.4.1 Pin CONFIQUIALION ... e 569

18.5 I°C Bus Definitions and Control Methods .........c.ccecveererierrresssessssesssssssessssessssssssssssssssssassesnes 570
LRSI B = g oo T 11T 570

LR T2 Vo (o | (=TT PP 571

18.5.3 Transfer direction SPeCIfiCatioN............ooiiiiiiiiiiiiie e 571

18.5.4 Acknowledge (PFK) .................................................................................................................... 572

18.5.5 SHOP CONAILION ...t e e e b e e s e e e e nr e e e e nre e e snneas 573

T8.5.6 WAt oo 574

18.5.7 CaNCEIING WAL .......eeiitiieiie ittt ettt b e bt e e b et e sbe e e b e e e be e e sbeeenaeeebeeeneenanis 576

18.5.8 Interrupt request (INTIICO) generation timing and wait control.............cccoccvviiiiee e, 576

18.5.9 Address match deteCtion MEthOd...........ooouiiiiiiii e 577

RS TR O =t o o (= (=T [o] o DR PP 577

R TR I I = (=T 7T I oo Yo = PP 578
T8.5.12 ArDIFALION ... e e e e e e e e e e e a e s 579
18.5.13 WaAKEUP FUNCHION. ... .ttt e s e e s nr e e e s e e nnneas 580
18.5.14 CommuUNICatioN rESEIVATION.........ueiiiiiee ittt et e e e e e e e e e e e e e e e e e e e e e seannnseeeeas 581

RO1UHO008EJ0401 Rev.4.01
Jul 15, 2010 RENESAS



T8.5.15 CAULIONS .ccoceeieeeeeeee e 584

18.5.16 COomMMUNICAtION OPEIAIONS.......uiiiiieiiiie ittt e b et e e sne e e be e e nneesnns 585

18.5.17 Timing of I’C interrupt request (INTICO) OCCUITENCE.......c..cvcveueererereereeeaeeeereteeeeseseeeeseesereseanenas 593

2T T 1T T 02 4T T 614
CHAPTER 19 MULTIPLIER/DIVIDER.......coo i cerirceceresssmesessssme s snsssms s sssssmsssesssssssesssnsesesssnmsseassnmsssesnnns 621
19.1 Functions of Multiplier/DiVider.......ccccccecicicemimininisssssssmssnrisssssssssssssssssssssssssssssssssssssssssssssnsss 621
19.2 Configuration of MUltiplier/DiVider .........ccccciicemmiscsinisniss s s ssses s s sssns s 621
19.3 Register Controlling Multiplier/DiVider..........ccociurmmiirinssmnsmssssessssssms s s smssssassssssses 625
19.4 Operations of Multiplier/DIVIder ...........ccccciecimiiiiiiisssccmrrrr s e s s e s s ssssssmssesssns s 626
19.4.1 MURtiplication OPEratioN...........ociiii i 626

19.4.2 DiVISION OPEIALION ...ttt et e s st e s et e e e e e e e abr e e e e anre e e s nneas 628
CHAPTER 20 INTERRUPT FUNCTIONS........ccciiiiimiiinemnnissssmsssssssmsssssssms s sssssmss sesssmss sessssns sesssnms s nnssnns 630
20.1 Interrupt FUNCHION TYPES .oivicuererriinmrrrnsssmssmnssssssssssssssssssssss s snassssssessssmsssssssmssnesssnssssassannsnnsssnnnnes 630
20.2 Interrupt Sources and Configuration .........ccccccmmiimrninmmn e ——————— 630
20.3 Registers Controlling Interrupt FUNCLIONS........cccciiiiiiciinin s s en e 635
20.4 Interrupt Servicing OPerations .......c.cccccuiiimnrsmmrisisssris s s s e ms s mnenas 656
20.4.1 Maskable interrupt aCknNOWIEAgMENT ...........oiiiiiiiii e 656

20.4.2 Software interrupt request aCknOWIEAgMENT ........cceiiiiiiiiiiiiii e 658

20.4.3 Multiple iNterrupt SEIVICING. .....ccueiiiiiieee ettt e e e s e e e snre e snnees 659

20.4.4 Interrupt reQUEST NOIA ..o 662
CHAPTER 21 KEY INTERRUPT FUNCTION .....cccccciiiiicceriesssmceresssssressssssssssssssssssssnsssesssnsesssssansnensas 663
21.1 Functions of Key Interrupt .........coommiiiiiiiiccccmnnirsissssssscssss s srssssssssssssss s sessssssssmmsssssnssssssssmmnnns 663
21.2 Configuration of Key INterrupt ...t ssses s s s snmsens 664
21.3 Register Controlling Key INterrupt ........ccocuveminiomnininssmnssssssissssssss s s ssssmssssessss 665
CHAPTER 22 STANDBY FUNCTION ......ccoiiiiiiiiiamisinsemsnissssms s sssssmsssssssmsssssssmss sasssnss snsssmss sesssnsssnnssnns 666
22.1 Standby Function and Configuration...........ccccceercecmmrrcscsmrnsscersss e s sss e s essssssseessmsssssssmsenes 666
22.1.1 StaNADY FUNCHON ..o sttt e e e e s b e e ente e e sneeas 666

22.1.2 Registers controlling standby fUNCLION..........ccceiii e 667

22.2 Standby Function Operation ...........ccccociiiimmnimmnssinisniss s ssses s s e samssssmssnss 669
22.2.1 HALT MOAE ..ottt e e et e e e e e e et e e e e e e e b e et e e e s e e aanbne e e e e e e e sannnneeeeeeean 669

2 3 O | o T o S 674
CHAPTER 23 RESET FUNCTION......cciiiectiiiimmnrissnssnssssssssssssssssssssss s sssssss sssssssssassssns s snssnns s nnssnns s snssnnns 681
23.1 Register for Confirming ReSet SOUICe........ccccocmrrrremrresremrrrsscerresssmmsres s ssssmmesesssmmesssssmmenes 691
CHAPTER 24 POWER-ON-CLEAR CIRCUIT......ccocoiiiiimmrinisennmnsssasssnsssssssssssssssssssssssssssssssssnsssssssnnsen 692
24.1 Functions of Power-on-Clear CirCuit........ccccccocmrrrrrecmrmnsserrssscesrsssscesssssmesssssmsssssssmsssssssnssees 692
24.2 Configuration of Power-on-Clear CirCuit ........ccucecuiiimminssmnssmssssnsssssss s s s sssssssmssssssssas 693
24.3 Operation of Power-on-Clear CirCUit...........cccocrcmmmmimiississsmsnnrisssssssssssssnsssssssssssssssssssssssssnssens 693
24.4 Cautions for Power-on-Clear CirCuit ........ccccoveocmrrrrscmrrnssserrsssscesrssssmsssssssmessssssmssssssamsssssssnsses 696

RO1UHO008EJ0401 Rev.4.01
Jul 15, 2010 RENESAS

15



CHAPTER 25 LOW-VOLTAGE DETECTOR ......ccocciiiiiiriimisenienisn s nsssnsssnsssssssssssssssssssssssssssssssanss 698

25.1 Functions of Low-Voltage DeteCtor .........ccccurmmrmmissmmmmnsmsmmnsssssmsssmss s s sssssssssassssssssnsenas 698
25.2 Configuration of Low-Voltage Detector ..........ccccummmminmmmminsmsnmsssssmnssssssssssesssssssssssssssassnes 699
25.3 Registers Controlling Low-Voltage Detector...........cccuummnsmmrnssmnsmssissssssssssssssssmssssmssssssssas 699
25.4 Operation of Low-Voltage Detector ...........ccucomrirminimninssmsssssss s ssses s sssasssssmsssssssss 702
25.4.1 When USEd @S IBSEI .....ccociiiiiiiii e s 703

25.4.2 When USed as iNTEITUPT ... ..oiiieie et s e e e s e 708

25.5 Cautions for Low-Voltage DeteCtor .......c.cccurmmrirsinimninssmssssssssmsssssss s ssssssssssssasasssssmssssmssss 713
CHAPTER 26 OPTION BYTE.....ccciiictiiiiriismnssssisesssssssssses s s sassss s sms s ssss sasms snssss snssssnssms sasmssnsannsas 716
26.1 Functions of Option Bytes .........ccucciiimiismmnnmninsissss s s s sssss s sssssssms snsasssssmssasasssns 716
26.2 Format of Option Byte.......cccciiiciiieccimininissssssscesenssssssssssssmss s s s sessssssssmssssssssssssssssmssssssesssssssnnmnnns 717
CHAPTER 27 FLASH MEMORY .....cciiiiiiiismsssssismssssssssssmsssssss s sas sassmssasmssasass assssnssns sasassnssnssasansnsnnssns 721
27.1 Internal Memory Size Switching Register........ccccucmmnimmmnnnnmnrsrnsss e 721
27.2 Internal Expansion RAM Size Switching Register ... ssesssaenns 722
27.3 Writing with Flash Memory Programmer .........cccccceerminsmsmmmsssssmmsssssmmsssssmsssssmsssssssssasses 724
27.4 Programming ENVIrONMENt ........ccccciiiiimimiinninnsss s snssssss s s sssss s ssssssssssams s ssssamsssssssmnsns 724
27.5 CommuNication MOAe........cccuiiimiiiiminimsiis s s ses s s san s e san s s e samn e mn e s 725
27.6 Connection of Pins 0N BOard.........cccccciiiiiinmminssinsss s s sssssssssmsssssss sssssssssmssasasssns 727
27.6.1 FLIMDO PIN...cieiiieeeeee ittt ettt e e e e e e e e e e e e e e e e e e et e e e e et e e e e e e b e r e e e e e e e neeeeeaaan 728

27.6.2 Serial INTEIfACE PINS.....iiiiiiitiierie ettt ettt sa e st e e sbe e e sae e e nbe e e aneeesane e sneeenee s 728

P B o =S T = I o o RSP 730

27.68.4 PO PINS i 730

oy S TR 1L T o o TS 730

27.6.6 Other SIgNal PINS .......ooiiiiiiiii e s 731

27 .6.7 POWEE SUPPIY ..ttt ettt e et e e e e e et e et e e e e e e e b e e e e e e e e e b e r e e e e e e e e r e e e e e aean 731

27.7 Programming Method .........cccceimiirmmmniiessinisss s sas s s sams s e ssmsnn s 732
27.7.1 Controlling flash MeMOIY........ccoi s 732

27.7.2 Flash memory programming MOGE. ........c.uuureieiiiaiiieeieee et e e e e et e e e s e e e e s e sernreeeeeeeaan 732

27.7.3 Selecting commMUNICAtION MOGE .......ocueiiiiiiiiieii ettt sae e e sneeenaee s 733

27.7.4 CommuNiCatioN COMMEANAS .......eeiiiiieeeiitiee ettt e e e s b e e e e b et e s annr e e s aabeeesanreeeeannees 734

27.8 SeCUrity SetliNgS ..cccceiiiirerriiiiir it n e s n e n s n e R e n e n s 735
27.9 Processing Time for Each Command When PG-FP4 or PG-FP5 Is Used (Reference)...... 737
27.10 Flash Memory Programming by Self-Programming ........ccccuecemicmmmnssmnsmsmssesssssmssssassssssssas 739
27.10.1 BOOt SWaP FUNCHON .....eiiiiiii i e e e e e e e e s e e e e e e e s e braaeeaeeeaan 753

27.11 Creating ROM Code to Place Order for Previously Written Product .........c.ccocriiinriennne 755
27.11.1 Procedure for using ROM code to place an order...........cccceviviiiiiiiiiniic e 755
CHAPTER 28 ON-CHIP DEBUG FUNCTION (4#PD78F05xxD and 78F05xxDA ONLY)........c.cceu.. 756
28.1 Connecting QB-MINI2 to /PD78F05xXD and 78F05XXDA .......ccceersuerssersssrssesssasssssssssssssrssanas 756
28.2 Reserved Area Used by QB-MINI2............ooo s ssmss s 758

RO1UHO008EJ0401 Rev.4.01
Jul 15, 2010 RENESAS



CHAPTER 29 INSTRUCTION SET.....cccosmismmimmssemmsnsmsssmsssmsssmssssssnsisssmsssmsssmssamsssssssssssssssssssssssssssnssnssnns 759

29.1 Conventions Used in Operation List .........ccccccmuremmnimninssmnsssssssissssssmssssesssssssssassssssssssmssss 759
29.1.1 Operand identifiers and specification methods............ccccooieiiiiiii e 759

29.1.2 Description of Operation COIUMN .........ccoiiiii e 760

29.1.3 Description of flag operation COIUMN ..........coocuiiiiiiiii e 760

29.2 OPeration LiSt ......cccciiiiiiiismmmmiiisisisssssmmssnsssssssssssmss s s ssssssssssmssssssessssssnssmssssssessssssnnmnssnssnsssssnnnnns 761
29.3 Instructions Listed by Addressing TYPe......ccccerrunrmmrmmismsmmmsssmssmmsssss s sssssssssssssssssassees 769
CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS)...c.cccoemmmsmerssaresssassasanes 772
CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)....ccccocmmsumrrssasssssmssssaneas 802
CHAPTER 32 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS: Ta=-40to +110°C)........ 830
CHAPTER 33 ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS: Ta=-40to +125°C)........ 859
CHAPTER 34 PACKAGE DRAWINGS ......ccocmimmiasntnissmsmasasssssssssasssssmssssasssssss sasssssssnssssassnssnssasmssnsanssas 888
R B ] 1 = 888
e ] 00 891

R e T ] 0 0 896
R R ] 1 898
R ] 0 908
CHAPTER 35 RECOMMENDED SOLDERING CONDITIONS..........ccoummmmmmmmissmsmiasmnssnssssssssssssssasens 912
CHAPTER 36 CAUTIONS FOR WAIT......ccociirmrmsmsissasnsssmssssasssssassasanssssmssasasssasmssnsasssssmssasanssssmssnsansnss 917
36.1 Cautions fOr Wait........cceecerirmmiimmissnniss s s s s s s e s e am e e an e 917
36.2 Peripheral Hardware That Generates Wait .........c.cccocrieminiiminsssmnsnins s s e 918
APPENDIX A DEVELOPMENT TOOLS......ccccuietmimerisasnnssmsrssssssssss s ssssssssssssassssssssssasasssssss sasassnsssssane 920
W =T e AT T =T - T 1 e = 923
A.2 Language Processing SOftWare ........ccccuuimriissmmmsssisssmnisssnssssssssessssssssssmssssmsssssss sasasssssmssssassss 923
A.3 Flash Memory Programming TOOIS........ccccuuismmmmisssmmmmssmmsmmsssssssmsssmssssssssssssssssnsnsssssnsssssssansns 924
A.3.1 When using flash memory programmer FG-FP5, FL-PR5, FG-FP4, and FL-PR4 .............cccc...... 924

A.3.2 When using on-chip debug emulator with programming function QB-MINI2................cceeieirnnen. 925

A.4 Debugging Tools (Hardware)..........ccccrrursmmrmmissmmnmmnssmssmnsssssnnsssssssssssssssssssssssssssssssssmsssssssmssnes 925
A.4.1 When using in-circuit emulator QB-78KOKX2 ........cccoiiiiiiiiiiiieie e 925

A.4.2 When using on-chip debug emulator with programming function QB-MINI2..................ccocceeiie. 927

A.5 Debugging TOOIS (SOfIWAIE).......ccueeemrrmisimmnrrissnnrnsssssrrssssss s s s s s smn s s mmen s 928

RO1UHO008EJ0401 Rev.4.01
Jul 15, 2010 RENESAS

17



APPENDIX B NOTES ON TARGET SYSTEM DESIGN

APPENDIX C REGISTER INDEX

C.1 Register Index (In Alphabetical Order with Respect to Register Names)
C.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

APPENDIX D LIST OF CAUTIONS

APPENDIX E REVISION HISTORY

E.1 Major Revisions in This Edition
E.2 Revision History of Preceding Editions

RO1UHOO08EJ0401 Rev.4.01
Jul 15, 2010

RENESAS

18



LENESAS

78K0/Kx2 R0O1UHO008EJ0401
RENESAS MCU Rev.4.01
Jul 15, 2010

CHAPTER 1 OUTLINE

1.1 Differences Between Conventional-specification Products (#PD78F05xx and 78F05xxD) and
Expanded-specification Products (uPD78F05xxA and 78F05xxDA)

The differences between the conventional-specification products («PD78F05xx and 78F05xxD) and expanded-
specification products (#PD78F05xxA and 78F05xxDA) of the 78K0/Kx2 microcontrollers are described below.

e A/D conversion time

¢ X1 oscillator characteristics

¢ Instruction cycle, peripheral hardware clock frequency, external main system clock frequency, external main system
clock input high-level width, and external main system clock input low-level width (AC characteristics)

e The number of flash memory rewrites and retention time

¢ Processing time of the self programming library

¢ Interrupt response time of the self programming library
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78K0/Kx2

CHAPTER 1 OUTLINE
1.1.1 A/D conversion time
(1) Conventional-specification products (1PD78F05xx and 78F05xxD)
Parameter Symbol Conditions MIN. MAX. Unit
Conversion time tconv 40V <AVrer<55V 6.1 36.7 y7]
2.7V <AVrer<4.0V 12.2 36.7 y7:]
23V <AVRer <27V ™" 27 66.6 us
(2) Expanded-specification products (#PD78F05xxA and 78F05xxDA)
Parameter Symbol Conditions MIN. MAX. Unit
Conversion time tconv 40V <AVrer<55V 6.1 66.6 us
2.7V <AVrer< 4.0V 12.2 66.6 Us
23V <AVrer<2.7V™* 27 66.6 1S
Note Standard and (A) grade products only
1.1.2 X1 oscillator characteristics
(1) Conventional-specification products (¢PD78F05xx and 78F05xxD)
Resonator Parameter Conditions MIN. TYP. MAX. Unit
Ceramic X1 clock 40V<Vop<55V 1.0M"? 20.0 MHz
resonator | oscillation 27V <Vop<4.0V 1 Qo2 10.0
frequency (f
a y (b 1.8V <Vop <27 V"' 1.0 5.0
(2) Expanded-specification products (#/PD78F05xxA and 78F05xxDA)
Resonator Parameter Conditions MIN. TYP. MAX. Unit
Ceramic X1 clock 27V<Vop<55V 1.0"%e? 20.0 MHz
resonator | oscillation 1.8V < Vop < 2.7 V! 10 5.0
frequency (fx)
Notes 1. Standard and (A) grade products only
2. ltis 2.0 MHz (MIN.) when programming on the board via UART®6.
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78K0/Kx2 CHAPTER 1 OUTLINE

1.1.3 Time Instruction cycle, peripheral hardware clock frequency, external main system clock frequency,
external main system clock input high-level width, and external main system clock input low-level width
(AC characteristics)

(1) Conventional-specification products (4PD78F05xx and 78F05xxD)

Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle (minimum Tey Main system clock (fxp)| 4.0 V< Vopb < 5.5V 0.1 32 us
instruction execution time) operation 2.7V <Vop <4.0V 0.2 32 us
1.8V <Vop <27 V" 0.4"%** 32 s
Subsystem clock (fsus) operation™®? 114 122 125 s
Peripheral hardware clock frRs frRs = fxH 40V<Vop<55V 20 MHz
frequency (XSEL = 1) 27V<Vop<4.0V 10 | MHz
1.8V <Vop<27V"e 5 MHz
frrs = fRH 27V<Vopb<55V 7.6 8.4 MHz
(XSEL=0) 18V <Vop<27V"™='s| 76 10.4 | MHz
External main system clock fexcik 40V<Vop<55V 1.0M° 20.0 | MHz
frequency 2.7V<Voo<4.0V 1.0M%e 10.0 | MHz
1.8V < Vop <2.7 V™! 1.0 50 | MHz
External main system clock input | texcikn, | 4.0V <Vop<5.5V 24 ns
high-level width, low-level width | texcikL 27V <Vop<4.0V 48 ns
1.8V < Vop <2.7 V™! 96 ns

(2) Expanded-specification products (#PD78F05xxA and 78F05xxDA)

Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle (minimum Tey Main system clock (fxp)| 2.7 V < Vob < 5.5 V 0.1 32 Hs
instruction execution time) operation 1.8V < Vbp < 2.7 V! 0.4N3 32 us
Subsystem clock (fsus) operation™®? 114 122 125 1S

Peripheral hardware clock frrs fers = fxu 40V<Vopb<55V 20 MHz

frequency (XSEL =1) 2.7V < Voo < 4.0 V" 20 | MHz

1.8V <Vop <27 V™" 5 MHz

frrs = fRH 27V<Vop<55V 7.6 8.4 MHz

(XSEL = 0) 1.8V<Vop<27V™="s| 76 10.4 | MHz

External main system clock fexcik 27V<Vbp<55V 1.0M° 20.0 | MHz

frequency 1.8V < Vop <2.7 V™ 1.0 50 | MHz
External main system clock input | texcikn, | 2.7 V< Vop <5.5V 24 ns
high-level width, low-level width | texcikt 1.8V < Vop < 2.7 V! 96 ns

Notes 1. Standard and (A) grade products only

2. The 78K0/KB2 is not provided with a subsystem clock.

3. 0.38 us when operating with the 8 MHz internal oscillator.

4. Characteristics of the main system clock frequency. Set the division clock to be set by a peripheral function
to fxv/2 (10 MHz) or less. The multiplier/divider, however, can operate on fxH (20 MHz).

5. Characteristics of the main system clock frequency. Set the division clock to be set by a peripheral function
to frH/2 or less.

6. 2.0 MHz (MIN.) when using UART®6 during on-board programming.
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78K0/Kx2 CHAPTER 1 OUTLINE

1.1.4 Number of flash memory rewrites and retention time

Iltem Conventional-specification Expanded-specification Products (#PD78F05xxA and 78F05xxDA)
Products («PD78F05xx and
78F05xxD)
Number of rewrites per chip | 100 times (Retention: 10 *When a flash memory programmer is used, 1,000 times
(retention time) years) and the libraries™®" provided by Renesas (Retention: 15
Electronics are used years)

e For program update

«When the EEPROM emulation libraries"** 10,000 times
provided by Renesas Electronics are used (Retention: 5

e The rewritable ROM size: 4 KB years)

e For data update

Conditions other than the above™™® 100 times
(Retention: 10
years)

Notes 1. The sample library specified by the 78K0/Kx2 Flash Memory Self Programming User’s Manual (Document
No.: U17516E) is excluded.
2. The sample program specified by the 78K0/Kx2 EEPROM Emulation Application Note (Document No.:
U17517E) is excluded.
3. These include when the sample library specified by the 78K0/Kx2 Flash Memory Self Programming User’s
Manual (Document No.: U17516E) and the sample program specified by the 78K0/Kx2 EEPROM Emulation
Application Note (Document No.: U17517E) are used.
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78K0/Kx2

CHAPTER 1 OUTLINE

1.1.5 Processing time for self programming library

(1) Conventional-specification products (zPD78F05xx and 78F05xxD) (1/3)

<1> When internal high-speed oscillation clock is used and entry RAM is located outside short direct

addressing range

Library Name

Processing Time (us)

Normal Model of C Compiler

Static Model of C Compiler/Assembler

Min. Max. Min. Max.
Self programming start library 4.25
Initialize library 977.75
Mode check library 753.875 753.125
Block blank check library 12770.875 12765.875
Block erase library 36909.5 356318 36904.5 356296.25
Word write library 1214 (1214.375) 2409 (2409.375) 1207 (1207.375) 2402 (2402.375)
Block verify library 25618.875 25613.875
Self programming end library 4.25

Get information library | Option value: 03H

871.25 (871.375)

866 (866.125)

Option value: 04H

863.375 (863.5)

858.125 (858.25)

Option value: 05H

1024.75 (1043.625)

1037.5 (1038.375)

Set information library 105524.75 790809.375 105523.75 790808.375
EEPROM write library 1496.5 2691.5 1489.5 2684.5
(1496.875) (2691.875) (1489.875) (2684.875)

<2> When internal high-speed oscillation clock is used and entry RAM is located in short direct addressing

range
Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.
Self programming start library 4.25
Initialize library 443.5
Mode check library 219.625 218.875
Block blank check library 12236.625 12231.625
Block erase library 36363.25 355771.75 36358.25 355750
Word write library 679.75 1874.75 672.75 1867.75
(680.125) (1875.125) (673.125) (1868.125)
Block verify library 25072.625 25067.625
Self programming end library 4.25
Get information library | Option value: 03H 337 (337.125) 331.75 (331.875)
Option value: 04H 329.125 (239.25) 323.875 (324)
Option value: 05H 502.25 (503.125) 497 (497.875)
Set information library 104978.5 541143.125 104977.5 541142.125
EEPROM write library 962.25 2157.25 955.25 2150.25
(962.625) (2157.625) (955.625) (2150.625)

Remarks 1. Values in parentheses indicate values when a write start address structure is located other than in the

internal high-speed RAM.

2. The above processing times are those during stabilized operation of the internal high-speed oscillator

(RSTS = 1).

3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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78K0/Kx2 CHAPTER 1 OUTLINE

(1) Conventional-specification products (uPD78F05xx and 78F05xxD) (2/3)

<3> When high-speed system clock (X1 oscillation or external clock input) is used and entry RAM is located
outside short direct addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.
Self programming start library 34/fcru
Initialize library 49/fcpu + 485.8125
Mode check library 35/fcru + 374.75 29/fcru + 374.75
Block blank check library 174/fcru + 6382.0625 134/fcru + 6382.0625
Block erase library 174/fcru + 174/fcru + 134/fcpu + 134/fcpu +
31093.875 298948.125 31093.875 298948.125
Word write library 318 (321)/fcru + 318 (321)/fcru + 262 (265)/fcru + 262 (265)/fcru +
644.125 1491.625 644.125 1491.625
Block verify library 174/fcru + 13448.5625 134/fcru + 13448.5625
Self programming end library 34/fcpu
Get information library | Option value: 03H 171 (172 )/fcpu + 432.4375 129 (130)/fcru + 432.4375
Option value: 04H 181 (182)/fcru + 427.875 139 (140)/fcru + 427.875
Option value: 05H 404 (411)/fcpu + 496.125 362 (369)/fcpu + 496.125
Set information library 75/fcru + 75/fcpu + 652400 67fcru + 67fcru+ 652400
79157.6875 79157.6875
EEPROM write library 318 (321)/fcru + 318 (321)/fcru + 262 (265)/fcpPu + 262 (265)/fcpu +
799.875 1647.375 799.875 1647.375

Remarks 1. Values in parentheses indicate values when a write start address structure is located other than in the
internal high-speed RAM.
2. The above processing times are those during stabilized operation of the internal high-speed oscillator
(RSTS =1).
3. fcru: CPU operation clock frequency
4. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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(1) Conventional-specification products (uPD78F05xx and 78F05xxD) (3/3)

<4> When high-speed system clock (X1 oscillation or external clock input) is used and entry RAM is located
in short direct addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.
Self programming start library 34/fcru
Initialize library 49/fcpu + 224.6875
Mode check library 35/fcru+ 113.625 29/fcru+ 113.625
Block blank check library 174/fcru + 6120.9375 134/fcpu + 6120.9375
Block erase library 174/fcru + 174/fcru + 134/fcpu + 134/fcpu +
30820.75 298675 30820.75 298675
Word write library 318 (321)/fcru + 318 (321)/fcru + 262 (265)/fcru + 262 (265)/fcpu +
383 1230.5 383 1230.5
Block verify library 174/fcru + 13175.4375 134/fcru + 13175.4375
Self programming end library 34/fcpu
Get information library | Option value: 03H 171 (172)/fcru + 171.3125 129 (130)/fcru+ 171.3125
Option value: 04H 181 (182)/fcpu + 166.75 139 (140)/fcru + 166.75
Option value: 05H 404 (411)/fcru + 231.875 362 (369)/fcru + 231.875
Set information library 75/fcru + 75/fcru+ 67/fcpu + 67/fcru +
78884.5625 527566.875 78884.5625 527566.875
EEPROM write library 318 (321)/fcru + 318 (321)/fcru + 262 (265)/fcpPu + 262 (265)/fcpu +
538.75 1386.25 538.75 1386.25

Remarks 1. Values in parentheses indicate values when a write start address structure is located other than in the
internal high-speed RAM.
2. The above processing times are those during stabilized operation of the internal high-speed oscillator
(RSTS =1).
3. fcru: CPU operation clock frequency
4. RSTS: Bit 7 of the internal oscillation mode register (RCM)

RO1UHO008EJ0401 Rev.4.01 25
Jul 15, 2010 RENESAS



78K0/Kx2 CHAPTER 1 OUTLINE

(2) Expanded-specification products (4PD78F05xxA and 78F05xxDA) (1/3)

<1> When internal high-speed oscillation clock is used and entry RAM is located outside short direct
addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.
Self programming start library 4.0 4.5 4.0 4.5
Initialize library 1105.9 1106.6 1105.9 1106.6
Mode check library 905.7 906.1 904.9 905.3
Block blank check library 12776.1 12778.3 12770.9 12772.6
Block erase library 26050.4 349971.3 26045.3 349965.6
Word write library 1180.1 + 203 x w 1184.3 + 2241 1172.9 + 203 x w 1176.3 + 2241
X W X W
Block verify library 25337.9 25340.2 25332.8 25334.5
Self programming end library 4.0 4.5 4.0 4.5
Get information library | Option value: 03H 1072.9 1075.2 1067.5 1069.1
Option value: 04H 1060.2 1062.6 1054.8 1056.6
Option value: 05H 1023.8 1028.2 1018.3 1022.1
Set information library 70265.9 759995.0 70264.9 759994.0
EEPROM write library 1316.8 + 347 x w 1320.9 + 2385 1309.0 + 347 x w 1312.4 + 2385
X W X W

<2> When internal high-speed oscillation clock is used and entry RAM is located in short direct addressing

range
Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.

Self programming start library 4.0 4.5 4.0 4.5
Initialize library 449.5 450.2 449.5 450.2
Mode check library 249.3 249.7 248.6 248.9
Block blank check library 12119.7 12121.9 12114.6 12116.3
Block erase library 25344.7 349266.4 25339.6 349260.8
Word write library 445.8 + 203 x W 449.9 + 2241 x w 438.5 + 203 x W 441.9 + 2241 x W
Block verify library 24682.7 24684.9 24677.6 24679.3
Self programming end library 4.0 4.5 4.0 4.5
Get information library | Option value: 03H 417.6 419.8 4121 413.8

Option value: 04H 405.0 407.4 399.5 401.3

Option value: 05H 367.4 371.8 361.9 365.8
Set information library 69569.3 759297.3 69568.3 759296.2
EEPROM write library 795.1 + 347 x W 799.3 + 2385 x W 787.4 + 347 x W 790.8 + 2385 x W

Remarks 1. The above processing times are those when a write start address structure is located in the internal high-
speed RAM and during stabilized operation of the internal high-speed oscillator (RSTS = 1).
2. RSTS: Bit 7 of the internal oscillation mode register (RCM)
3. w: Number of words in write data (1 word = 4 bytes)
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(2) Expanded-specification products (4PD78F05xxA and 78F05xxDA) (2/3)

<3> When high-speed system clock (X1 oscillation or external clock input) is used and entry RAM is located
outside short direct addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.
Self programming start library 34/fcru

Initialize library 55/fcru + 594

Mode check library 36/fcru + 495 30/fcpu + 495

Block blank check library 179/fcru + 6429 136/fcru + 6429

Block erase library 179/fcru + 19713 179/fcru + 136/fcru + 19713 136/fcru +
268079 268079
Word write library 333/fcru + 647 + 333/fcru + 647 + 272/fcru + 647 + 272/fcru + 647 +
136 x w 1647 x w 136 x w 1647 x w

Block verify library 179/fcru + 13284 136/fcru + 13284

Self programming end library 34/fcpu

Get information library 180/fcpu + 581
190/fcpu + 574

350/fcpu + 535

Option value: 03H
Option value: 04H
Option value: 05H

134fcpu + 581
144/fcpu + 574
304/fcru + 535

Set information library

80/fcru + 43181

80/fcru + 572934

72/fcru + 43181

72/fcru + 572934

EEPROM write library

333/fcru + 729 +
209 x w

333/fcru + 729 +
1722 x w

268/fcru + 729 +
209 x w

268/fcru + 729 +
1722 x w

Remarks 1. The above processing times are those when a write start address structure is located in the internal high-
speed RAM and during stabilized operation of the internal high-speed oscillator (RSTS = 1).
2. RSTS: Bit 7 of the internal oscillation mode register (RCM)
3. fcpu: CPU operation clock frequency
4. w: Number of words in write data (1 word = 4 bytes)
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(2) Expanded-specification products (4PD78F05xxA and 78F05xxDA) (3/3)

<4> When high-speed system clock (X1 oscillation or external clock input) is used and entry RAM is located
in short direct addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.
Self programming start library 34/fcru

Initialize library 55/fcpu + 272

Mode check library 36/fcru + 173 30/fcru + 173

Block blank check library 179/fcru + 6108 136/fcru + 6108

Block erase library 179/fcru + 19371 179/fcru + 136/fcru + 19371 136/fcru +
267738 267738
Word write library 333/fcru + 247 + 333/fcru + 247 + 272/fcru + 247 + 272/fcru + 247 +
136 x w 1647 x w 136 x w 1647 x w

Block verify library 179/fcru + 12964 136/fcru + 12964

Self programming end library 34/fcpu

Get information library 180/fcpu + 261
190/fcpu + 254

350/fcpu + 213

Option value: 03H
Option value: 04H
Option value: 05H

134/fcru + 261
144/fcpu + 254
304/fcpu + 213

Set information library

80/fcpu + 42839

80/fcpu + 572592

72/fcpu + 42839

72/fcpu + 572592

EEPROM write library

333/fcru + 516 +
209 x w

333/fcru + 516 +
1722 x w

268/fcru + 516 +
209 x w

268/fcru + 516 +
1722 x w

Remarks 1. The above processing times are those when a write start address structure is located in the internal high-
speed RAM and during stabilized operation of the internal high-speed oscillator (RSTS = 1).
2. RSTS: Bit 7 of the internal oscillation mode register (RCM)
3. fcpu: CPU operation clock frequency
4. w: Number of words in write data (1 word = 4 bytes)
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1.1.6 Interrupt response time for self programming library

(1) Conventional-specification products (zPD78F05xx and 78F05xxD) (1/2)

<1> When internal high-speed oscillation clock is used

Library Name

Interrupt Response Time (us (Max.))

Normal Model of C Compiler

Static Model of C Compiler/Assembler

Entry RAM location Entry RAM location Entry RAM location Entry RAM location
is outside short is in short direct is outside short is in short direct
direct addressing addressing range direct addressing addressing range
range range

Block blank check library 933.6 668.6 927.9 662.9
Block erase library 1026.6 763.6 1020.9 757.9
Word write library 2505.8 1942.8 2497.8 1934.8
Block verify library 958.6 693.6 952.9 687.9
Set information library 476.5 211.5 475.5 210.5
EEPROM write library 2760.8 2168.8 2759.5 2167.5

Remarks 1. The above interrupt response times are those during stabilized operation of the internal high-speed

oscillator (RSTS = 1).
2. RSTS: Bit 7 of the internal oscillation mode register (RCM)

<2> When high-speed system clock is used (normal model of C compiler)

Library Name

Interrupt Response

Time (us (Max.))

RSTOP =0,

RSTS =1

RSTOP =1

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Entry RAM location
is outside short
direct addressing
range

Entry RAM location

is in short direct
addressing range

Block blank check library

179/fceu + 507

179/fcpu + 407

179/fcpu + 1650

179/fcru + 714

Block erase library

179/fcpu + 559

179/fcpu + 460

179/fcpu + 1702

179/fcpu + 767

Word write library

333/fcpu + 1589

333/fcru + 1298

333/fcpu + 2732

333/fcru + 1605

Block verify library

179/fceu + 518

179/fcru + 418

179/fcpu + 1661

179/fcpu + 725

Set information library

80/fcpu + 370

80/fcru + 165

80/fcpu + 1513

80/fcpu + 472

EEPROM write library™®

29/fcpu + 1759

333/fcru + 834

29/fcpu + 1468

333/fcpu + 512

29/fcpu + 1759

333/fcru + 2061

29/fcru + 1468

333/fcru + 873

Note The longer value of the EEPROM write library interrupt response time becomes the Max. value, depending on

the value of fcpu.

Remarks 1. fcpu: CPU operation clock frequency
2. RSTOP: Bit 0 of the internal oscillation mode register (RCM)
3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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(1) Conventional-specification products (uPD78F05xx and 78F05xxD) (2/2)

<3> When high-speed system clock is used (static model of C compiler/assembler)

Library Name

Interrupt Response Time (us (Max.))

RSTOP =0,

RSTS =1

RSTOP =1

Entry RAM location
is outside short
direct addressing

Entry RAM location
is in short direct
addressing range

Entry RAM location
is outside short
direct addressing

Entry RAM location
is in short direct
addressing range

range range
Block blank check library 136/fceu + 507 136/fcpu + 407 136/fcpu + 1650 136/fcru+ 714
Block erase library 136/fcpu + 559 136/fcpu + 460 136/fceu + 1702 136/fcru + 767
Word write library 272/fcru + 1589 272/fcpu + 1298 272/fcpu + 2732 272/fcpu + 1605
Block verify library 136/fcru + 518 136/fcru + 418 136/fcru + 1661 136/fcru + 725

Set information library

72/fcpu + 370

72/fcru + 165

72/fceu + 1513

72/fcpu + 472

EEPROM write library™®

19/fceu + 1759

268/fcru + 834

19/fcru + 1468

268/fcpu + 512

19/fcru + 1759

268/fcru + 2061

19/fceu + 1468

268/fcru + 873

Note The longer value of the EEPROM write library interrupt response time becomes the Max. value, depending on

the value of fcpu.

Remarks 1. fcpu: CPU operation clock frequency
2. RSTOP: Bit 0 of the internal oscillation mode register (RCM)
3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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(2) Expanded-specification products (4PD78F05xxA and 78F05xxDA) (1/2)

<1> When internal high-speed oscillation clock is used

Library Name

Interrupt Response Time (us (Max.))

Normal Model of C Compiler

Static Model of C Compiler/Assembler

Entry RAM location Entry RAM location Entry RAM location Entry RAM location
is outside short is in short direct is outside short is in short direct
direct addressing addressing range direct addressing addressing range
range range

Block blank check library 1100.9 431.9 1095.3 426.3
Block erase library 1452.9 783.9 1447.3 778.3
Word write library 1247.2 579.2 1239.2 571.2
Block verify library 1125.9 455.9 1120.3 450.3
Set information library 906.9 312.0 905.8 311.0
EEPROM write library 1215.2 547.2 1213.9 545.9

Remarks 1. The above interrupt response times are those during stabilized operation of the internal high-speed
oscillator (RSTS = 1).

2. RSTS: Bit 7 of the internal oscillation mode register (RCM)

<2> When high-speed system clock is used (normal model of C compiler)

Library Name

Interrupt Response Time (us (Max.))

RSTOP =0,

RSTS =1

RSTOP =1

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Block blank check library

179/fcpu + 567

179/fcru + 246

179/fcru + 1708

179/fcru + 569

Block erase library

179/fcpu + 780

179/fcpu + 459

179/fceu + 1921

179/fcpu + 782

Word write library

333/fcpu + 763

333/fceu + 443

333/fceu + 1871

333/fceu + 767

Block verify library

179/fcpu + 580

179/fcpu + 259

179/fcpu + 1721

179/fcpu + 582

Set information library

80/fcru + 456

80/fcpu + 200

80/fcru + 1598

80/fcru + 459

EEPROM write library"

29/fcpu + 767

333/fcru + 696

29/fcru + 447

333/fcru + 376

29/fceu + 767

333/fcru + 1838

29/fcru + 447

333/fcru + 700

Note The longer value of the EEPROM write library interrupt response time becomes the Max. value, depending on

the value of fcru.

Remarks 1. fcru: CPU operation clock frequency

2. RSTOP: Bit 0 of the internal oscillation mode register (RCM)
3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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(2) Expanded-specification products (4PD78F05xxA and 78F05xxDA) (2/2)

<3> When high-speed system clock is used (static model of C compiler/assembler)

Library Name

Interrupt Response

Time (us (Max.))

RSTOP =0,

RSTS =1

RSTOP =1

Entry RAM location
is outside short
direct addressing

Entry RAM location
is in short direct
addressing range

Entry RAM location
is outside short
direct addressing

Entry RAM location
is in short direct
addressing range

range range
Block blank check library 136/fcru + 567 136/fcpu + 246 136/fcru + 1708 136/fcru + 569
Block erase library 136/fcru + 780 136/fcpu + 459 136/fcru + 1921 136/fcpu + 782
Word write library 272/fcpu + 763 272/fcpu + 443 272/fcpu + 1871 272/fcru + 767
Block verify library 136/fcru + 580 136/fcru + 259 136/fcru + 1721 136/fcru + 582

Set information library

72/fceu + 456

72/fcru + 200

72/fcru + 1598

72/fceu + 459

EEPROM write library™®

19/fcru + 767

268/fcru + 696

19/fceu + 447

268/fcru + 376

19/fceu + 767

268/fcru + 1838

19/fcruv + 447

268/fcru + 700

Note The longer value of the EEPROM write library interrupt response time becomes the Max. value, depending on

the value of fcpu.

Remarks 1. fcpu: CPU operation clock frequency

2. RSTOP: Bit 0 of the internal oscillation mode register (RCM)
3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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1.2 Features

O Minimum instruction execution time can be changed from high speed (0.1 us: @ 20 MHz operation with high-speed

system clock) to ultra low-speed (122 us: @ 32.768 kHz operation with subsystem clock)
O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
O ROM (flash memory), RAM capacities

ROM™ | High- |Expansion| ~ 78KO/KB2 78KO/KC2 78KO/KD2 78KO/KE2 78KO/KF2
Speed | RAM™ | 30/36 pins 38/44 pins 48 pins 52 pins 64 pins 80 pins
RAM"™*
128KB| 1KB | 6KB - - - 4PD78F0527D, | uPD78F0537D, | uPD78F0547D,
78F0527DA | 78F0537DA | 78F0547DA
4PD78F0527, |uPD78F0537, |uPD78F0547
78F0527A 78F0537A 78F0547A
96KB | 1KB | 4KB - - - 4PD78F0526, | uPD78F0536, |PD78F0546,
78F0526A 78F0536A 78F0546A
60KB | 1KB | 2KB - - 4PD78F0515D, | uPD78F0525, | uPD78F0535, | uPD78F0545,
78F0515DA | 78F0525A 78F0535A 78F0545A
4PD78F0515,
78F0515A
48KB | 1KB | 1KB - - 4PD78F0514, |uPD78F0524, |uPD78F0534, |uPD78F0544,
78F0514A 78F0524A 78F0534A 78F0544A
32KB | 1KB | - |uPD78F0503D, |.PD78F0513D, |.PD78F0513, |uPD78F0523, |uPD78F0533, -
78F0503DA  |78F0513DA  |78F0513A 78F0523A 78F0533A
4PD78F0503, | uPD78F0513,
78F0503A 78F0513A
24KB | 1KB | - |uPD78F0502, |uPD78F0512, |uPD78F0512, |uPD78F0522, |uPD78F0532, -
78F0502A 78F0512A 78F0512A 78F0522A 78F0532A
16KB | 768B | - |u.PD78F0501, |uPD78F0511, |uPD78F0511, |uPD78F0521, |uPD78F0531, -
78F0501A 78F0511A 78F0511A 78F0521A 78F0531A
8KB | 512B| - |u4PD78F0500, - - - - -
78F0500A

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

register (IXS).

For IMS and IXS, see 27.1
Expansion RAM Size Switching Register.

Internal Memory Size Switching Register and 27.2

O Buffer RAM: 32 bytes (can be used for transfer in CSI with automatic transmit/receive function) (78K0/KF2 only)
O On-chip single-power-supply flash memory

O Self-programming (with boot swap function)

O On-chip debug function (#PD78F05xxD and 78F05xxDA only)"

Internal

Note The xPD78F05xxD and 78F05xxDA have 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.

O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
O On-chip watchdog timer (operable with the on-chip internal low-speed oscillation clock)
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O On-chip 10-bit resolution A/D converter (AVRer = 2.3 t0 5.5 V)
O On-chip multiplier/divider (16 bits x 16 bits, 32 bits/16 bits), key interrupt function, clock output/buzzer output
controller, 1/0 ports, timer, and serial interface
O Power supply voltage
e Standard products, (A) grade products: Voo =1.8t0 5.5V
¢ (A2) grade products: Vop=2.7t05.5V
O Operating ambient temperature
e Standard products, (A) grade products: Ta =—40 to +85°C
¢ (A2) grade products: Ta =-40to +125°C

Remark The functions mounted depend on the product. See 1.7 Block Diagram and 1.8 Outline of Functions.
1.3 Applications

O Automotive equipment (compatible with (A) and (A2) grade products)
e System control for body electricals (power windows, keyless entry reception, etc.)
e Sub-microcontrollers for control
O Car audio
O AV equipment, home audio
O PC peripheral equipment (keyboards, etc.)
O Household electrical appliances
o Air conditioners
o Microwave ovens, electric rice cookers
O Industrial equipment
e Pumps
* Vending machines
o FA (Factory Automation)
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1.4 Ordering Information

[Part Number]
UPD78F05xy X X XX

|

|
|

)

- XXX - XX

Semiconductor
A Lead- | Product contains no lead in any area
AX, |free | product contains no lead in any area
G (Terminal finish is Ni/Pd/Au plating)
> Quality Grade
None Standard (Ta = -40 to +85°C)
(A), A Special (Ta = -40 to +85°C)
(A2), A2 | Special (Ta = -40 to +125°C)
5— Package Type
50y MC-5A4 | 30-pin plastic SSOP (7.62 mm (300))
(KB2) | mc-caB
FC-AA3 | 36-pin plastic FLGA (4x4)
51y MC-GAA | 38-pin plastic SSOP (7.62 mm (300))
(KC2) | GB-UES | 44-pin plastic LQFP (10x10)
GB-GAF
GA-8EU | 48-pin plastic LQFP (fine pitch) (7x7)
Product Type GA-GAM
None | Conventional-specification 52y GB-UET | 52-pin plastic LQFP (10x10)
products (KD2) GB-GAG
A Expanded-specification 53y GB-UEU | 64-pin plastic LQFP (fine pitch) (10x10)
products (KE2) | GB-GAH
GC-UBS | 64-pin plastic LQFP (14x14)
On-chip Debug Function GC-GAL
None | Not mounted GK-UET | 64-pin plastic LQFP (12x12)
D Mounted GK-GAJ
GA-9EV | 64-pin plastic TQFP (fine pitch) (7x7)
GA-HAB
FC-AA1 64-pin plastic FLGA (5x5)
F1-AA2 64-pin plastic FBGA (4x4)
54y | GC-UBT | 80-pin plastic LQFP (14x14)
(KF2) GC-GAD
GK-8EU | 80-pin plastic LQFP (fine pitch) (12x12)
GK-GAK
High-speed |Expansion RAM| Flash Memory
RAM Capacity Capacity Capacity
Product Type 5x0 | 512 bytes - 8 KB
F Flash memory version 5x1 | 768 bytes - 16 KB
5x2 1KB - 24 KB
5x3 1 KB - 32 KB
5x4 | 1KB 1 KB 48 KB
5x5 1 KB 2KB 60 KB
5x6 | 1KB 4 KB 96 KB
5x7 1 KB 6 KB 128 KB

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by

Renesas Electronics to know the specification of quality grade on the devices and its recommended applications.
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[List of Part Number]

(1/6)
78KO0/Kx2 Package Product Quality Part Number
Microcontrollers type grace
78K0/KB2 30-pin plastic Conventional- | Standard 1#PD78F0500MC-5A4-A, 78F0501MC-5A4-A,
SSOP (7.62 mm | specification | products 78F0502MC-5A4-A, 78F0503MC-5A4-A,
(300)) products 78F0503DMC-5A4-A""
(A) grade uPD78F0500MC(A)-CAB-AX, 78F0501MC(A)-CAB-AX,
products 78F0502MC(A)-CAB-AX, 78FO503MC(A)-CAB-AX
(A2) grade | ©PD78F0500MC(A2)-CAB-AX, 78F0501MC(A2)-CAB-AX,
products 78F0502MC(A2)-CAB-AX, 78F0503MC(A2)-CAB-AX
Expanded- Standard #PD78F0500AMC-CAB-AX, 78F0501AMC-CAB-AX,
specification | products 78F0502AMC-CAB-AX, 78F0503AMC-CAB-AX,
products 78F0503DAMC-CAB-AX""
(A) grade 1PD78F0500AMCA-CAB-G, 78F0501AMCA-CAB-G,
products 78F0502AMCA-CAB-G, 78F0503AMCA-CAB-G
(A2) grade | #PD78F0500AMCA2-CAB-G, 78F0501AMCA2-CAB-G,
products 78F0502AMCA2-CAB-G, 78F0503AMCA2-CAB-G
36-pin plastic Conventional- | Standard #PD78F0500FC-AAS3-A, 78F0501FC-AA3-A,
FLGA (4x4) specification | products 78F0502FC-AA3-A, 78F0503FC-AA3-A,
products 78F0503DFC-AA3-A""
Expanded- Standard #PD78F0500AFC-AA3-A, 78F0501AFC-AA3-A,
specification | products 78F0502AFC-AA3-A, 78F0503AFC-AA3-A,
products 78F0503DAFC-AA3-A""
78K0/KC2 38-pin plastic Expanded- Standard #PD78F0511AMC-GAA-AX, 78F0512AMC-GAA-AX,
SSOP (7.62 mm | specification | products 78F0513AMC-GAA-AX, 78F0513DAMC-GAA-AX""
(300)) products | (a)grade | uPD78F0511AMCA-GAA-G, 78F0512AMCA-GAA-G,
products 78F0513AMCA-GAA-G
(A2) grade | ©PD78F0511AMCA2-GAA-G, 78F0512AMCA2-GAA-G,
products 78F0513AMCA2-GAA-G
44-pin plastic Conventional- | Standard #PD78F0511GB-UES-A, 78F0512GB-UES-A,
LQFP (10x10) specification | products 78F0513GB-UES-A, 78F0513DGB-UES-A""
products (A) grade 1PD78F0511GB(A)-GAF-AX, 78F0512GB(A)-GAF-AX,
products 78F0513GB(A)-GAF-AX
(A2) grade | ©PD78F0511GB(A2)-GAF-AX, 78F0512GB(A2)-GAF-AX,
products 78F0513GB(A2)-GAF-AX
Expanded- Standard #PD78F0511AGB-GAF-AX, 78F0512AGB-GAF-AX,
specification | products 78F0513AGB-GAF-AX, 78F0513DAGB-GAF-AX""
products (A) grade 1PD78F0511AGBA-GAF-G, 78F0512AGBA-GAF-G,
products 78F0513AGBA-GAF-G
(A2) grade | #PD78F0511AGBA2-GAF-G, 78F0512AGBA2-GAF-G,
products 78F0513AGBA2-GAF-G

Note The pPD78F0503D, 78F0503DA, 78F0513D, and 78F0513DA have 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.
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(2/6)
78K0/Kx2 Package Product Quality Part Number
Microcontrollers type grace
78K0/KC2 48-pin plastic Conventional- | Standard #PD78F0511GA-8EU-A, 78F0512GA-8EU-A,
LQFP (fine pitch) | specification | products 78F0513GA-8EU-A, 78F0514GA-8EU-A, 78F0515GA-8EU-A,
(7x7) products 78F0515DGA-8EU-A""

(A)grade | 1PD78F0511GA(A)-GAM-AX, 78F0512GA(A)-GAM-AX,
products 78F0513GA(A)-GAM-AX, 78F0514GA(A)-GAM-AX,
78F0515GA(A)-GAM-AX

(A2) grade uPD78F0511GA(A2)-GAM-AX, 78F0512GA(A2)-GAM-AX,
products 78F0513GA(A2)-GAM-AX, 78F0514GA(A2)-GAM-AX,
78F0515GA(A2)-GAM-AX

Expanded- Standard uPD78F0511AGA-GAM-AX, 78F0512AGA-GAM-AX,
specification | products 78F0513AGA-GAM-AX, 78F0514AGA-GAM-AX,
products 78F0515AGA-GAM-AX, 78F0515DAGA-GAM-AX""

(A) grade uPD78F0511AGAA-GAM-G, 78F0512AGAA-GAM-G,
products 78F0513AGAA-GAM-G, 78F0514AGAA-GAM-G,
78F0515AGAA-GAM-G

(A2) grade uPD78F0511AGAA2-GAM-G, 78F0512AGAA2-GAM-G,
products 78F0513AGAA2-GAM-G, 78F0514AGAA2-GAM-G,
78F0515AGAA2-GAM-G

78K0/KD2 52-pin plastic Conventional- | Standard 1#PD78F0521GB-UET-A, 78F0522GB-UET-A,
LQFP (10x10) specification | products 78F0523GB-UET-A, 78F0524GB-UET-A,
products 78F0525GB-UET-A, 78F0526GB-UET-A,

78F0527GB-UET-A, 78F0527DGB-UET-A""

(A)grade | 1PD78F0521GB(A)-GAG-AX, 78F0522GB(A)-GAG-AX,
products 78F0523GB(A)-GAG-AX, 78F0524GB(A)-GAG-AX,
78F0525GB(A)-GAG-AX, 78F0526GB(A)-GAG-AX,
78F0527GB(A)-GAG-AX

(A2) grade | 1PD78F0521GB(A2)-GAG-AX, 78F0522GB(A2)-GAG-AX,
products 78F0523GB(A2)-GAG-AX, 78F0524GB(A2)-GAG-AX,
78F0525GB(A2)-GAG-AX, 78F0526GB(A2)-GAG-AX,
78F0527GB(A2)-GAG-AX

Expanded- Standard #PD78F0521AGB-GAG-AX, 78F0522AGB-GAG-AX,
specification | products 78F0523AGB-GAG-AX, 78F0524AGB-GAG-AX,
products 78F0525AGB-GAG-AX, 78F0526AGB-GAG-AX,
78F0527AGB-GAG-AX, 78F0527DAGB-GAG-AX""

(A) grade 1PD78F0521AGBA-GAG-G, 78F0522AGBA-GAG-G,
products 78F0523AGBA-GAG-G, 78F0524AGBA-GAG-G,
78F0525AGBA-GAG-G, 78F0526AGBA-GAG-G,
78F0527AGBA-GAG-G

(A2) grade | ©PD78F0521AGBA2-GAG-G, 78F0522AGBA2-GAG-G,
products 78F0523AGBA2-GAG-G, 78F0524AGBA2-GAG-G,
78F0525AGBA2-GAG-G, 78F0526AGBA2-GAG-G,
78F0527AGBA2-GAG-G

Note The pPD78F0515D, 78F0515DA, 78F0527D, and 78F0527DA have 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.
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(3/6)
78K0/Kx2 Package Product Quality Part Number
Microcontrollers type grace
78K0/KE2 64-pin plastic Conventional- | Standard #PD78F0531GB-UEU-A, 78F0532GB-UEU-A,
LQFP (fine pitch) | specification | products 78F0533GB-UEU-A, 78F0534GB-UEU-A,
(10x10) products 78F0535GB-UEU-A, 78F0536GB-UEU-A,

78F0537GB-UEU-A, 78F0537DGB-UEU-A""

(A)grade | 1PD78F0531GB(A)-GAH-AX, 78F0532GB(A)-GAH-AX,
products 78F0533GB(A)-GAH-AX, 78F0534GB(A)-GAH-AX,
78F0535GB(A)-GAH-AX, 78F0536GB(A)-GAH-AX,
78F0537GB(A)-GAH-AX

(A2) grade uPD78F0531GB(A2)-GAH-AX, 78F0532GB(A2)-GAH-AX,
products 78F0533GB(A2)-GAH-AX, 78F0534GB(A2)-GAH-AX,
78F0535GB(A2)-GAH-AX, 78F0536GB(A2)-GAH-AX,
78F0537GB(A2)-GAH-AX

Expanded- Standard uPD78F0531AGB-GAH-AX, 78F0532AGB-GAH-AX,
specification | products 78F0533AGB-GAH-AX, 78F0534AGB-GAH-AX,
products 78F0535AGB-GAH-AX, 78F0536AGB-GAH-AX,
78F0537AGB-GAH-AX, 78F0537DAGB-GAH-AX""

(A) grade uPD78F0531AGBA-GAH-G, 78F0532AGBA-GAH-G,
products 78F0533AGBA-GAH-G, 78F0534AGBA-GAH-G,
78F0535AGBA-GAH-G, 78F0536AGBA-GAH-G,
78F0537AGBA-GAH-G

(A2) grade | ©PD78F0531AGBA2-GAH-G, 78F0532AGBA2-GAH-G,
products 78F0533AGBA2-GAH-G, 78F0534AGBA2-GAH-G,
78F0535AGBA2-GAH-G, 78F0536AGBA2-GAH-G,
78F0537AGBA2-GAH-G

Note The uPD78F0537D and 78F0537DA have 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.

RO1UHO008EJ0401 Rev.4.01 38
Jul 15, 2010 RENESAS



78K0/Kx2 CHAPTER 1 OUTLINE

(4/6)
78K0/Kx2 Package Product Quality Part Number
Microcontrollers type grace
78K0/KE2 64-pin plastic Conventional- | Standard #PD78F0531GC-UBS-A, 78F0532GC-UBS-A,
LQFP (14x14) specification | products 78F0533GC-UBS-A, 78F0534GC-UBS-A,
products 78F0535GC-UBS-A, 78F0536GC-UBS-A,

78F0537GC-UBS-A, 78F0537DGC-UBS-A""

(A)grade | 1PD78F0531GC(A)-GAL-AX, 78F0532GC(A)-GAL-AX,
products 78F0533GC(A)-GAL-AX, 78F0534GC(A)-GAL-AX,
78F0535GC(A)-GAL-AX, 78F0536GC(A)-GAL-AX,
78F0537GC(A)-GAL-AX

(A2) grade | xPD78F0531GC(A2)-GAL-AX, 78F0532GC(A2)-GAL-AX,
products 78F0533GC(A2)-GAL-AX, 78F0534GC(A2)-GAL-AX,
78F0535GC(A2)-GAL-AX, 78F0536GC(A2)-GAL-AX,
78F0537GC(A2)-GAL-AX

Expanded- Standard uPD78F0531AGC-GAL-AX, 78F0532AGC-GAL-AX,
specification | products 78F0533AGC-GAL-AX, 78F0534AGC-GAL-AX,
products 78F0535AGC-GAL-AX, 78F0536AGC-GAL-AX,
78F0537AGC-GAL-AX, 78F0537DAGC-GAL-AX""

(A) grade | 1PD78F0531AGCA-GAL-G, 78F0532AGCA-GAL-G,
products 78F0533AGCA-GAL-G, 78F0534AGCA-GAL-G,
78F0535AGCA-GAL-G, 78F0536AGCA-GAL-G,
78F0537AGCA-GAL-G

(A2) grade | 1PD78F0531AGCA2-GAL-G, 78F0532AGCA2-GAL-G,
products 78F0533AGCA2-GAL-G, 78F0534AGCA2-GAL-G,
78F0535AGCA2-GAL-G, 78F0536AGCA2-GAL-G,
78F0537AGCA2-GAL-G

Note The uPD78F0537D and 78F0537DA have 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.
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CHAPTER 1 OUTLINE

78F0537AGA-HAB-AX, 78F0537DAGA-HAB-AX""*

(5/6)
78K0/Kx2 Package Product Quality Part Number
Microcontrollers type grace
78K0/KE2 64-pin plastic Conventional- | Standard #PD78F0531GK-UET-A, 78F0532GK-UET-A,
LQFP (12x12) specification | products 78F0533GK-UET-A, 78F0534GK-UET-A,
products 78F0535GK-UET-A, 78F0536GK-UET-A,
78F0537GK-UET-A, 78F0537DGK-UET-A""
(A) grade uPD78F0531GK(A)-GAJ-AX, 78F0532GK(A)-GAJ-AX,
products 78F0533GK(A)-GAJ-AX, 78F0534GK(A)-GAJ-AX,
78F0535GK(A)-GAJ-AX, 78F0536GK(A)-GAJ-AX,
78F0537GK(A)-GAJ-AX
(A2) grade | pPD78F0531GK(A2)-GAJ-AX, 78F0532GK(A2)-GAJ-AX,
products 78F0533GK(A2)-GAJ-AX, 78F0534GK(A2)-GAJ-AX,
78F0535GK(A2)-GAJ-AX, 78F0536GK(A2)-GAJ-AX,
78F0537GK(A2)-GAJ-AX
Expanded- Standard uPD78F0531AGK-GAJ-AX, 78F0532AGK-GAJ-AX,
specification | products 78F0533AGK-GAJ-AX, 78F0534AGK-GAJ-AX,
products 78F0535AGK-GAJ-AX, 78F0536AGK-GAJ-AX,
78F0537AGK-GAJ-AX, 78F0537DAGK-GAJ-AX""
(A) grade 1uPD78F0531AGKA-GAJ-G, 78F0532AGKA-GAJ-G,
products 78F0533AGKA-GAJ-G, 78F0534AGKA-GAJ-G,
78F0535AGKA-GAJ-G, 78F0536AGKA-GAJ-G,
78F0537AGKA-GAJ-G
(A2) grade | xPD78F0531AGKA2-GAJ-G, 78F0532AGKA2-GAJ-G,
products 78F0533AGKA2-GAJ-G, 78F0534AGKA2-GAJ-G,
78F0535AGKA2-GAJ-G, 78F0536AGKA2-GAJ-G,
78F0537AGKA2-GAJ-G
64-pin plastic Conventional- | Standard #PD78F0531GA-9EV-A, 78F0532GA-9EV-A,
TQFP (fine pitch) | specification | products 78F0533GA-9EV-A, 78F0534GA-9EV-A, 78F0535GA-9EV-A,
(7x7) products 78F0536GA-9EV-A, 78F0537GA-9EV-A,
78F0537DGA-9EV-A""
Expanded- Standard #PD78F0531AGA-HAB-AX, 78F0532AGA-HAB-AX,
specification | products 78F0533AGA-HAB-AX, 78F0534AGA-HAB-AX,
products 78F0535AGA-HAB-AX, 78F0536AGA-HAB-AX,

Note The uPD78F0537D and 78F0537DA have 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.
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(6/6)
78K0/Kx2 Package Product Quality Part Number
Microcontrollers type grace
78K0/KE2 64-pin plastic Conventional- | Standard #PD78F0531FC-AA1-A, 78F0532FC-AA1-A,
FLGA (5x5) specification | products 78F0533FC-AA1-A, 78F0534FC-AA1-A, 78F0535FC-AA1-A,
products 78F0536FC-AA1-A, 78F0537FC-AA1-A,

78F0537DFC-AA1-A"Y"

Expanded- Standard uPD78F0531AFC-AA1-A, 78F0532AFC-AAT1-A,
specification | products 78F0533AFC-AA1-A, 78F0534AFC-AA1-A,

products 78F0535AFC-AA1-A, 78F0536AFC-AA1-A,
78F0537AFC-AA1-A, 78F0537DAFC-AA1-A™"
<R> 64-pin plastic Expanded- Standard #PD78F0531AF1-AA2-A, 78F0532AF1-AA2-A,
FBGA (4x4) specification | products 78F0533AF1-AA2-A, 78F0534AF1-AA2-A,
products 78F0535AF1-AA2-A, 78F0536AF1-AA2-A,
78F0537AF1-AA2-A, 78F0537DAF1-AA2-A™"
78KO0/KF2 80-pin plastic Conventional- | Standard 1PD78F0544GC-UBT-A, 78F0545GC-UBT-A,
LQFP (14x14) specification | products 78F0546GC-UBT-A, 78F0547GC-UBT-A,
products 78F0547DGC-UBT-A""

(A)grade | uPD78F0544GC(A)-GAD-AX, 78F0545GC(A)-GAD-AX,
products 78F0546GC(A)-GAD-AX, 78F0547GC(A)-GAD-AX

(A2) grade | xPD78F0544GC(A2)-GAD-AX, 78F0545GC(A2)-GAD-AX,
products 78F0546GC(A2)-GAD-AX, 78F0547GC(A2)-GAD-AX
Expanded- Standard uPD78F0544AGC-GAD-AX, 78F0545AGC-GAD-AX,
specification | products 78F0546AGC-GAD-AX, 78F0547AGC-GAD-AX,
products 78F0547DAGC-GAD-AX""

(A) grade 1uPD78F0544AGCA-GAD-G, 78F0545AGCA-GAD-G,
products 78F0546AGCA-GAD-G, 78F0547AGCA-GAD-G

(A2) grade | uPD78F0544AGCA2-GAD-G, 78F0545AGCA2-GAD-G,
products 78F0546AGCA2-GAD-G, 78F0547AGCA2-GAD-G
80-pin plastic Conventional- | Standard 1PD78F0544GK-8EU-A, 78F0545GK-8EU-A,

LQFP (fine pitch) | specification | products 78F0546GK-8EU-A, 78F0547GK-8EU-A,

(12x12) products 78F0547DGK-8EU-A""

(A) grade uPD78F0544GK(A)-GAK-AX, 78F0545GK(A)-GAK-AX,
products 78F0546GK(A)-GAK-AX, 78F0547GK(A)-GAK-AX

(A2) grade | pPD78F0544GK(A2)-GAK-AX, 78F0545GK(A2)-GAK-AX,
products 78F0546GK(A2)-GAK-AX, 78F0547GK(A2)-GAK-AX
Expanded- Standard #PD78F0544AGK-GAK-AX, 78F0545AGK-GAK-AX,
specification | products 78F0546AGK-GAK-AX, 78F0547AGK-GAK-AX,
products 78F0547DAGK-GAK-AX""

(A) grade uPD78F0544AGKA-GAK-G, 78F0545AGKA-GAK-G,
products 78F0546AGKA-GAK-G, 78F0547AGKA-GAK-G

(A2) grade 1PD78F0544AGKA2-GAK-G, 78F0545AGKA2-GAK-G,
products 78F0546AGKA2-GAK-G, 78F0547AGKA2-GAK-G

Note The uPD78F0537D, 78F0537DA, 78F0547D, and 78F0547DA have 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.
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1.5 Pin Configuration (Top View)

1.5.1 78K0/KB2

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

ANI1/P21 O=—

—_

30 [=—=0 ANI2/P22

ANIO/P20 O=—=] 2 O 29 [=—=0 ANI3/P23

P01/T1010/TO00 0=—=| 3 28|——0 AVss

POO/TI000 O=—{ 4 27 ——0 AVRer

P120/INTPO/EXLVI 0=—| 5 26 |=—=0 P10/SCK10/TxD0
RESETo—={6 25 |[=—=0 P11/S110/RxDO0

FLMDO o——| 7 24 |=—=0 P12/SO10
P122/X2/EXCLK/OCDOBNOte 0a—»] 8 23 |=—=0 P13/TxD6
P121/X1/OCDOANot 0«—n| 9 22 |«—=0 P14/RxD6

REGC 0—

-
o

21 |=—=0 P15/TOHO

Vss 0—— 11 20 [=—=0 P16/TOH1/INTP5

Voo 0——1 12 19 |=—=0 P17/TI50/TO50
P60/SCLO 0=—{ 13 18 [=—=0 P30/INTP1
P61/SDAQ O=—=] 14 17 |=—0 P31/INTP2/0OCD1ANote

P33/TI51/TO51/INTP4 O=—» 16 [«~—=0 P32/INTP3/0CD1BNete

—_
(é)]

Note Products with on-chip debug function only
Cautions 1. Make AVss the same potential as Vss.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

3. ANIO/P20 to ANI3/P23 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.
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e 36-pin plastic FLGA (4x4)

Top View Bottom View
..... coooidl 6 [KSoooodd
SRS RS EGEGES 5 ONONONORON®)
BEOEGEGESES 4 ONONONONONO)
SESEGRGRGEY 3 ONONONONONG,
g 2 ONONONONONG,
‘ SEGEGRE 1 EP ONONON®, ﬁj
\ ______
A B\C D E F F E D C B A
Index mark
Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name
A1 NC'e! C1 P17/TI50/TO50 E1 AVrer
A2 P32/INTP3/0CD1B""* |C2 P14/RxD6 E2 AVss
A3 | P30/INTP1 C3  |P13/TxD6 E3  |ANI2/P22
A4 | P61/SDAO C4 | P00/TIO00 E4  |ANI1/P21
A5  |P33/TI51/TO51/INTP4 [C5  |Voo E5 |FLMDO
A6 |NC™®! C6  |P121/X1/0CDOA™"* |E6  |RESET
B1 P31/INTP2/OCD1A™"*? | D1 P11/S110/RxD0 F1 NCMe!
B2  |P16/TOH1/INTP5 D2  |P12/SO10 F2  |ANI3/P23
B3  |P15/TOHO D3 | P10/SCK10/TxDO F3  |ANIO/P20
B4 |P60/SCLO D4 |REGC F4 P01/T1010/TO00
B5 |EVoo D5 |Vss F5 P120/INTPO/EXLVI
B6 EVss D6 P122/X2/EXCLK/ F6 NCMe!
ocDoB"*°?

Notes 1.

It is recommended to connect NC to Vss.

2. Products with on-chip debug function only

Cautions 1.

Make AVss and EVss the same potential as Vss.

2. Make EVop the same potential as Vob.
3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
4. ANIO/P20 to ANI3/P23 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.
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CHAPTER 1 OUTLINE

1.5.2 78K0/KC2

e 38-pin plastic SSOP (7.62 mm (300))

ANI1/P21 O=——

ANIO/P20 O=——f
P01/TI010/TO00 O=——+
P0O0/TI000 O=——n
P120/INTPO/EXLVI O=——>
RESET O———
P124/XT2/EXCLKS O=——
P123/XT1 O=——"

FLMDO O———
P122/X2/EXCLK/OCDOBNOte Oe—
P121/X1/OCDOANete O=—+
REGC O——

Vss O———

Voo O———

P60/SCLO O=—=

P61/SDAQ O=—*
P62/EXSCLO O+—

P63 O —>
P33/TI51/TO51/INTP4 O=—=

© 00 N O g b WO =

I G G G G TG TGy
© 0O N O o~ W DN = O

38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20

O ANI2/P22

O ANI3/P23
~—O ANI4/P24

[~——O ANI5/P25
——O AVss

——O AVrer

[«——O P10/SCK10/TxDO
[~—O P11/SI10/RxD0
~—0O P12/SO10
~—O P13/TxD6
[~—O P14/RxD6
~—=O P15/TOHO
~—O P16/TOH1/INTP5
~—O P17/T150/TO50
~—O P30/INTP1
~—=0O P31/INTP2/OCD1AN°t
«——=(O P32/INTP3/0CD1BN*
~—0O P70/KRO
~—=0O P71/KR1

Note Products with on-chip debug function only

Cautions 1. Make AVss the same potential as Vss.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
3. ANIO/P20 to ANI5/P25 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.
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e 44-pin plastic LQFP (10 x 10)

3 5
i 3
S =
& S o - o< w0 o~
S 8S S AN ANANNA NN
S EggLaaadddq
SEEs=9s8s3sw8se=x
- 0 0o Z2 Z2 Z2 Z Z Z Z Z
O 00 < <A CC
44 43 42 41 40 39 38 37 36 35 34
P41 O — | O 33— AVss
P40 O=— 2 32 ——O AVrer
RESET O——{ 3 31 |=—0O P10/SCK10/TxD0O
P124/XT2/[EXCLKS O=—={ 4 30 [=—O P11/SI10/RxD0
P123/XT1 O=— 5 29 |=—0O P12/S010
FLMDO O——| 6 28 [=—O P13/TxD6
P122/X2/EXCLK/OCDOBNete O] 7 27 |=—0O P14/RxD6
P121/X1/OCDOANete O=——={ 8 26 [=—0O P15/TOHO
REGC O—— 9 25 |=——0O P16/TOH1/INTP5
Vss O— 10 24 f«——O P17/TI50/TO50
Voo O—— 11 23 |=—O P30/INTP1
13 17

P60/SCLO O=——
P61/SDAQ Oe——>

P63 O=— &

P33/TI51/TO51/INTP4 Oe——> 5
P73/KR3 O=—»

P72/KR2 O~—— &

P71/KR1 O=—— 3

P70/KRO O=— 83

P62/EXSCLO O=—— ~

P32/INTP3/0CD1BNote Oe—f N
P31/INTP2/OCD1ANote Oe— 1 N

Note Products with on-chip debug function only
Cautions 1. Make AVss the same potential as Vss.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

3. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.
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e 48-pin plastic LQFP (fine pitch) (7 x 7)

ia ¢ s
<3 X d
o O O x
Qg < d
[} % w S
9% -~ £
=% EE E
X g9 X X|= =
ST89a5H S
0 9 AISAARo -~ &
0 oW+~ —~|UF < —
S>S>OCoaoopolboaoddo oo
4847 46 4544 4342 41403938 37
P60/SCLO O=—+ 1 36 [=—O P140/PCL/INTP6
P61/SDA0 O=—+ 2 35 [«~——=0O P00/TI000
P62/EXSCLO O=—~ 3 34 |=——=O P01/T1010/TO00
P63 O=—-= 4 33——=0O P130
P33/TI51/TO51/INTP4 O=—+ 5 32— ANIO/P20
P75 O~—» 6 31 |«——( ANI1/P21
P74 O=~— 7 30— ANI2/P22
P73/KR3 O~—={ 8 29 |+——=(O ANI3/P23
P72/KR2 O~—= 9 28 [+——( ANI4/P24
P71/KR1 O=~—-={10 27— ANI5/P25
P70/KRO O=—{11 26 [+——0O ANI6/P26
P32/INTP3/0CD1BNete O—]12 25|—O
1314151617181920212223 24 ANI7/P27
% ~ O MmO OWwwoOoo h %
SEBE5220295%
czbEzpotackx«
0a33=vIRaSe
SEEsaiiagg
o N~ t ()]
|- — -
z og a2
= o o
[+2]
o

Note Products with on-chip debug function only

Cautions 1. Make AVss the same potential as Vss.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
3. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.
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78K0/Kx2

CHAPTER 1 OUTLINE

1.5.3 78K0/KD2

e 52-pin plastic LQFP (10 x 10)

o
o
o
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8 2 O - N M T WO N~
S 5 A N NN AN A NN
2 2 oM < W« WY« Y« WY« W
EE w8888 F5 8N
So oo r~rzZzzZzZzZz2Z2zZz2ZZ
o o000 < <CCCCCCL
TTTTTOOOOOOOO
52 51 50 49 48 47 46 45 44 43 42 41 40
P140/PCLINTP6 O+ 1 () 39— OAVss
P120/INTPO/EXLVIO 2 38— AVrer
P41 (O=——3 37 f«—( P10/SCK10/TxD0
P40O~—| 4 36 [«—( P11/SI10/RxD0
RESETO—5 35 [«—( P12/SO10
P124/XT2/EXCLKS O~— 6 34 |«—() P13/TxD6
P123/XT1 O=——7 33 [«—( P14/RxD6
FLMDOO—(8 32 [«—( P15/TOHO
P122/X2/EXCLK/OCDOB"e (O=—= 9 31 J«—( P16/TOH1/INTP5
P121/X1/OCDOANe® (=e——= 10 30 [«—( P17/TI50/TO50
REGCO——— 11 29 [+=——=() P30/INTP1
Vss O— 12 28 [+——=( P31/INTP2/OCD1ANete
VooO— 13 27 [=—( P32/INTP3/OCD1BNete
14 15 16 17 18 19 20 21 22 23 24 25 26
OO0O0O0OO0OO0OOOOOOOO
Co oM TNOBLTOANC- O
4 < J oo @ oCc
O N O0OL EYYXYYXYXYYXYXYX
Q9P Z RSB IPJI - O
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© o W hooooooo o
o I~
o
=
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o

Note Products with on-chip debug function only

Cautions 1. Make AVss the same potential as Vss.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 4F).
3. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.
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78K0/Kx2 CHAPTER 1 OUTLINE

1.5.4 78K0/KE2

e 64-pin plastic LQFP (fine pitch) (10 x 10)
e 64-pin plastic LQFP (14 x 14)

e 64-pin plastic LQFP (12 x 12)

e 64-pin plastic TQFP (fine pitch) (7 x 7)

& 8y,3
zz ©O3¢g2
£ < 2 35 [+
ANSSTZI T o-aoswon~
028 g5cxscCiX I RYRYEYEYRYEYEY
CD220-0Q0 aaonoaondad
SSEE280  SERFSEEE
~1scoc8dr-rzzzzzz2z2z=
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P120/INTPO/EXLVI O=—{ 1 O 48 —O AVss
P43 O=——= 2 47 —O AVrer
P42 O<+—= 3 46 [+—O P10/SCK10/TxD0
P41 O<—— 4 45 f+—0O P11/SI10/RxD0
P40 O<+— 5 44 [+—0O P12/SO10
RESET O 6 43 |+~—O P13/TxD6
P124/XT2/EXCLKS O=—— 7 42 |+~—O P14/RxD6
P123/XT1 O=~—— 8 41 |+=—O P15/TOHO

FLMDO O———{ 9 40 [=—0O P16/TOH1/INTP5
P122/X2/EXCLK/OCDOBNetel O«——=f 10 39 [=—=0O P17/TI50/TO50
P121/X1/OCDOANote! Oe—nt 14 38 [~—=O P30/INTP1
REGC O——— 12 37 «~—O P53
Vss O——— 13 36 [=—O P52
EVss O—— 14 35 f=—O P51
Voo O———— 15 34 f=—O P50
EVoo O———1 16 33 [«=—O P31/INTP2/0CD1ANotel

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

OO0OO0OO0OO0OO0OOOOOOOLOOOO
OOOC’)VI\LOLOQ'C')N‘—O‘;%‘)‘E
B Q= L~ Y W ol s ol s o ol s o
OO0 0L EYXYXXYXYXYXYXXYXYX2 22
QDD ZROBLBIPI S =m
S = X SNENNNNNKNK©- O —
© o W hoooooooal22n0
Lod O EEQ
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= 3 8 O

[to} zZ z 0
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Notes 1. Products with on-chip debug function only
2. Products whose flash memory is at least 48 KB only

Cautions 1. Make AVss and EVss the same potential as Vss.
2. Make EVop the same potential as Vob.
3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
4. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.
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78K0/Kx2

CHAPTER 1 OUTLINE

e 64-pin plastic FLGA (5 x 5)
e 64-pin plastic FBGA (4 x 4)

Top View Bottom View
P 8 [(Joooo0o0ol]
7 (ONONONONONONONGS)
6 OO0OO0OO0OO0OO0O0OO0
5 OO0OO0OO0OO0OO0O0O0
4 OO0OO0O0O0OO0OO0O0
3 (O oNoNONONONONG)
2 (ONONONONONONONGS)
1 D OO0OO0O00O0 D
A B\CDEFGH HGFEDCBA
Index mark
Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name Pin No. Pin Name
A1 AVss C1 ANI4/P24 E1 P130 G1 P141/BUZ/INTP7
A2 AVREF c2 ANI3/P23 E2 ANIO/P20 G2 P140/PCL/INTP6
A3 P11/S110/RxDO c3 ANI7/P27 E3 P03/SI11""? G3 P43
Ad P13/TxD6 c4 P10/SCK10/TxDO E4 P42 G4 RESET
A5 P16/TOH1/INTP5 C5 P17/TI50/TO50 E5 P77/KR7 G5 REGC
A6 P53 C6 P30/INTP1 E6 P33/TI51/TO51/INTP4 | G6 Vss
A7 P51 C7 P31/INTP2/ E7 P74/KR4 G7 VDD
OCD1A"™*"
A8 P32/INTP3/ cs P0O6/TO01""®% E8 P76/KR6 G8 P61/SDAO
ocD1B"*’ Tlo11""e?
B1 ANI5/P25 D1 ANI1/P21 F1 P01/T1010/TO00 H1 P120/INTPO/EXLVI
B2 ANI6/P26 D2 ANI2/P22 F2 P00/TI000 H2 P124/XT2/EXCLKS
B3 P12/S010 D3 P04/SCK11""? F3 P02/S011"*°? H3 P123/XT1
B4 P15/TOHO D4 P72/KR2 F4 P41 H4 FLMDO
B5 P14/RxD6 D5 P70/KRO F5 P40 H5 P122/X2/EXCLK/
ocboBM™’
B6 P52 D6 P71/KR1 F6 P60/SCLO H6 P121/X1/OCDOA™""
B7 P50 D7 P75/KR5 F7 P62/EXSCLO H7 EVss
B8 P05/SSI11"°/ D8 P73/KR3 F8 P63 H8  |EVop
Tloo1""?

Notes 1. Product with on-chip debug function only

Cautions 1.

2. Products whose flash memory is at least 48 KB only

2. Make EVob the same potential as Voo.
3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
4. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.

Make AVss and EVss the same potential as Vss.
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78K0/Kx2 CHAPTER 1 OUTLINE

1.5.5 78K0/KF2

e 80-pin plastic LQFP (14 x 14)
e 80-pin plastic LQFP (fine pitch) (12 x 12)
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5923255888829 3ves
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P120INTPOEXLVI O=——1 () 60O AVss
P47 Os——2 59 ——O AVrer
P46 O~—|3 58 |~—O P57
P45 O~—»{4 57 |=~——0O P56
P44 O~—|5 56 |~——O P55
P43 O 6 55 |[~——0O P54
P42 O~—{7 54 |«~——=0O P10/SCKI0/TXDO
P41 O-—=|8 53 [~——=O P11/SI110/RxD0O
P40 O-—=9 52 ~——=0O P12/SO10
RESET O——{10 51 |~——=O P13/TxD6
P124/XT2/EXCLKS O~—-{ 11 50 |«——=O P14/RxD6
P123/XT1 O~ 12 49 |~——0O P15/TOHO
FLMDO O——| 13 48 |=~——=0O P16/TOH1/INTP5
P122/X2/EXCLK/OCDOBNOte Oe——1 14 47 |=——=0O P17/TI50/TO50
P121/X1/0OCDOAN® Ou— ] 15 46 O P30/INTP1
REGC O——| 16 45 O P53
Vss O—— 17 44 |~—=0O P52
EVss O——118 43 |«—=0O P51
Voo O—— 19 42 |+—~O P50
EVoo O—— 20 41 |=——=0O P31/INTP2/OCD1ANete
212223 24 25 26 27 2829 30 31 32 33 34 35 36 37 38 39 40
iiiiioiiiooiiiiiiiii
922BIIBE R EoEs
OQNg0OLE0NLAALYYYYYYYYOnh
Q0o £ NopoToad-oskEwx
BoW o SEEEERERE =S8
cayg o © 80
0 S 8 =
= o q =
2 S
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Note Products with on-chip debug function only

Cautions 1. Make AVss and EVss the same potential as Vss.
2. Make EVop the same potential as Vob.
3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
4. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.
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78K0/Kx2

CHAPTER 1 OUTLINE

1.6 Pin Identification

ANIO to ANI7: Analog input P120 to P124: Port 12
AVREF: Analog reference voltage P130: Port 13
AVss: Analog ground P140 to P145: Port 14
BUSYO: Serial busy input PCL: Programmable clock output
BUZ: Buzzer output REGC Regulator capacitance
EVob: Power supply for port RESET: Reset
EVss: Ground for port RxDO0, RxD6: Receive data
EXCLK: External clock input SCK10, SCK11, SCKAOQ: Serial clock input/output
(main system clock) SCLO: Serial clock input/output
EXCLKS: External clock input SDAO: Serial data input/output
(subsystem clock) SI10, SI11, SIAO: Serial data input
EXLVI: External potential input S0O10, SO11, SOAO: Serial data output
for low-voltage detector SSI1: Serial interface chip select input
EXSCLO: External serial clock input STBO: Serial strobe
FLMDO: Flash programming mode T1000, TIO10,
INTPO to INTP7: External interrupt input TIOO1, TIO11,
KRO to KR7: Key return TI50, TI51: Timer input
NC: Non-connection TOO00, TOO1,
OCDOA, OCDO0B, TO50, TO51,
OCD1A, OCD1B: On chip debug input/output TOHO, TOH1: Timer output
P00 to P06: Port 0 TxDO0, TxD6: Transmit data
P10to P17: Port 1 Vbb: Power supply
P20 to P27: Port 2 Vss: Ground
P30 to P33: Port 3 X1, X2: Crystal oscillator (main system clock)
P40 to P47: Port 4 XT1, XT2: Crystal oscillator (subsystem clock)
P50 to P57: Port 5
P60 to P67: Port 6
P70 to P77: Port 7
RO1UHO008EJ0401 Rev.4.01 51
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78K0/Kx2 CHAPTER 1 OUTLINE

1.7 Block Diagram

1.7.1 78K0/KB2

TOO00/TI010/PO1 =——|  16-bit timer/
TI000/PO0 event counter 00 <:> <:> Port 0 <Z> P00, PO1
RxD6/P14 (LINSEL)
K Port 1 K 8> P10to P17
TOHO/P15 g-bittimerHo K>
- Port 2 K 4> P20to P23
TOH1/P16 8-bit timer H1 K|
K Port 3 K 4> P30 to P33
t
Internal low-speed < Port 6 K 2" > P60, P61
oscillator
'
- Port 12 K 3" > P120to P122
Watchdog timer
Power on clear/
- POC/LVI
8-bit timer/ low voltage [*=——EXLVI/P120
TISO/TOS0/P17 event counter 50 78K/0 <:> indicator control
Flash
CPU memory
o core Reset control
8-bit timer/ <:>
TIS1/TOS1/P33 event counter 51
@ @ On-chin debug N1 OCDOAN*® /X1, OCD1AN /P31
K—{On-chip debug OCDOB""* /X2, OCD1B"" /P32

RxDO/P11 —|  Serial
TxDO/P10 =— interface UARTO

{

g 0 4 ¢ 4 ¢ g ¢

System
i trol BEGET
RxDEP14 | ol Internal contro RESET
interface UART6 . /
TxD6/P13 high-speed X1/P121
RAM [~—X2/EXCLK/P122
SIO/P11 . Internal h|gh-speed
Serial oscillator
ﬂ/mz interface CSI10
SCK10/P10 =—
Voltage regulator REGC
SDAO/P61 =~—» Serial
SCLO/P60 ~—| interface 1ICO
ANIO/P20 to
ANI3/P23
AVrer A/D converter
AVss
RxD6/P14 (LINSEL)
INTPO/P120 j—’
INTP1/P30 to Interrupt ‘
INTP4/P33 control <:>
V V FLMD!
INTP5/P16 ——= EV Moo 2y Note 2 0
Notes 1. Available only in the products with on-chip debug function.
2. Available only in the 36-pin products.
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78K0/Kx2

CHAPTER 1 OUTLINE

1.7.2 78K0/KC2

TOO0O0/TIO10/PO1 ~—
TIO00/POO

16-bit timer/
event counter 00

RxD6/P14 (LINSEL)

TOHO/P15 =—]

8-bit timer HO

{

TOH1/P16 ~—

8-bit timer H1

{

Internal
low-speed
oscillator

)

Watchdog timer

TI50/TO50/P17 <+—

8-bit timer/
event counter 50

TI51/TO51/P33 +—

8-bit timer/
event counter 51

Watch timer

RxDO/P11 ——=
TxDO/P10 -—]

Serial
interface UARTO

RxD6/P14 ——|
TxD6/P13 =—-|

Serial
interface UART6

LINSEL

SIO/P11 —=
SO10/P12 =—
SCK10/P10 =—=

Serial
interface CSI10

EXSCLO/P62 —
SDAQ/P61 =—|
SCLO/P60 ~—

Serial interface 11CO

ANIO/P20 to ANI5/P25,
ANI6/P26Nete 1, AN[7/P27Nete 1
AVRrer

AVss

)

A/D converter

g ¢ 8 9 8438 g4

RxD6/P14 (LINSEL,
|NT(PO/P1 20) L.

INTP1/P30 to

INTP4/P33
INTP5/P16 ———=
INTP6/P140Ne2 o]

Interrupt control

{

Notes 1.

2 Available only in the 48-pin products.

78K/0
CPU
core

Flash
memory

g U

g4

Internal Internal
high-speed| |expansion
RAM RAMNote 3

Voo Vss FLMDO

Available only in the 44-pin and 48-pin products.

Port 0 K2~ >Poo, Pot
Port 1 K8 >P10to P17
Port 2 K8 P20 to P25, P2ghete, pa7hete
Port 3 K 2 >P30 to P33
Port 4 <:Z>P40Notel’ P4qNote 1
Port 6 K4~ >pe0 to P63
Port 7 g;ghf«ZT 'PF;Z%:::: ‘P75ane 2
Port 12 K5 >P120 10 P124
Port 1%z [~ pygohete
Port 14Note2 [« o pygQNote2
S(')‘r’]f;ﬁ,‘jffft —— PCL/P140Note2
P".fﬁ:%ﬂlféeear/ POCILYL l+——ExuviP120
indicator
Key return KRO/P70, KR1/P71,

KR2/P72Vete1, KR3/P73Nete !

Reset control

Multiplier &
dividerNete3

g8 8 0000000000 Y

On-chip debugh°te*

[=——— OCDOANe'4/X1, OCD1AN° 4/P31
OCDOBMN'* /X2, OCD1BN°** 4/P32

System control

Internal
high-speed
oscillator

[~—RESET

X1/P121
X2/EXCLK/P122
XT1/P123
XT2/EXCLKS/P124

Voltage regulator

REGC

3. Available only in the products whose flash memory is at least 48 KB.

4. Available only in the products with on-chip debug function.
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78K0/Kx2

CHAPTER 1 OUTLINE

1.7.3 78K0/KD2

TOO0O0/TI010/PO1 ~—=
TI000/POO
RxD6/P14 (LINSEL)

16-bit timer/
event counter 00

TOHO/P15 ~—

8-bit timer HO

g

TOH1/P16 ~—

8-bit timer H1

g

1

Internal low-speed
oscillator

v

Watchdog timer

TI50/TO50/P17 ~——»|

8-bit timer/
event counter 50

TI51/TO51/P33

8-bit timer/
event counter 51

Watch timer

RxDO/P11 ——=
TxDO/P10 =—

Serial
interface UARTO

RxD6/P14
TxD6/P13 =—|

Serial
interface UART6

LINSEL

SI10/P11
SO10/P12 =—]
SCK10/P10 ~—=

Serial
interface CSI10

EXSCLO/P62 ——
SDA0/P61
SCLO/P60 =~—=

Serial interface IICO

ANIO/P20 to
ANI7/P27
AVRer

AVss

[ )

A/D converter

g 40 ¢ ¢ 848 ¢y

RxD6/P14
INTPO/P120(LINSEL) j—’
INTP1/P30 to
INTP4/P33

INTP5/P16 ——=
INTP6/P140 ——=

Interrupt control

Notes 1.

78K/0
CPU Flash
CORE memory

g U

RS

Internal Internal

high-speed| |expansion
RAM RAMNete2
Voo Vss FLMDO

Port 0 K4~ >P00 to P03
Port 1 K 8 >P10to P17
Port 2 K8 >P20to P27
Port 3 K4 >P30to P33
Port 4 K2~ >pao, Pat
Port 6 K 4" >P60 to P63
Port 7 K 8 >P701t0 P77
Port 12 K5 >P120t0 P124
Port 13 ——=P130
Port 14 ~—~ P140
Clock output control PCL/P140
Power on clgar/low POC/LVI EXLVI/P120
voltage indicator control
Key return “ ES%Z? to

Reset control

Multiplier &
dividerhete 2

SOREO TN N A A O O A O O I O A A A U2

On-chip debugh°te®

OCDOAN**%/X1, OCD1AN"3/P31
OCDOBM**%/X2, OCD1B"°*%/P32

System control

Internal high-speed
oscillator

[~—RESET

X1/P121
X2/EXCLK/P122
XT1/P123
XT2/EXCLKS/P124

Voltage regulator

REGC

Available only in the products whose flash memory is at least 96 KB.

2. Available only in the products whose flash memory is at least 48 KB.

3. Available only in the products with on-chip debug function.
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78K0/Kx2

CHAPTER 1 OUTLINE

1.7.4 78K0/KE2

TOO00/TI010/PO1 ~—=|
TI000/P0O0

16-bit TIMER/
EVENT COUNTER 00

RxD6/P14 (LINSEL)

TOO01Note2/T|01 {Note2/pog +——]
TI001Note2/pos5

16-bit TIMER/
EVENT COUNTER 01"

TOHO/P15 ~—

8-bit TIMER HO

TOH1/P16 =—

8-bit TIMER H1

VIV

1

INTERNAL
LOW-SPEED
OSCILLATOR

!

WATCHDOG TIMER

TI50/TO50/P17 ~—»

8-bit TIMER/
EVENT COUNTER 50

TI51/TO51/P33 =—|

8-bit TIMER/
EVENT COUNTER 51

WATCH TIMER

RxDO/P11 ——=
TxDO/P10 ~—|

SERIAL
INTERFACE UARTO

78K/0

CPU FLASH
CORE MEMORY
BANKNom

g g

RxD6/P14 ——|
TxD6/P13 ~—f

SERIAL
INTERFACE UART6

LINSEL

SHO/P11T ——=
SO10/P12 =—
SCK10/P10 ~—=]

SERIAL
INTERFACE CSI10

SI11Nete2/po3
SO11Nete2/po2
SCK11Note2/pgg ]
'5SI11Nete2/pos5

SERIAL INTERFACE
S| 1Note2

EXSCLO/P62 ——
SDAO/P61 =—
SCLO/P60 ~+—

SERIAL
INTERFACE 1ICO

ANIO/P20 to
ANI7/P27

AVRer

AVss

e

A/D CONVERTER

g ¢4 ¢ g ¢ ¢ g4 ¢4y

RxD6/P14 (LIN
INT(PO/ PS1E2I(_)) j—’
INTP1/P30 to
INTP4/P33
INTP5/P16
INTP6/P140,

INTP7/P141

INTERRUPT
CONTROL

{

Notes 1.

g U

INTERNAL
HIGH-SPEED
RAM

INTERNAL
EXPANSION

RAMNote2

Voo, Vss, FLMDO

EVoo EVss

porTo K7 >P00to P0G
PORT 1 K8 >P10to P17
PORT2 K8 >P20to P27
PORT3 |4 >P30to P33
PORT 4 2" >P40to P43
PORT5 K 4 >P50to P53
PorT6 (K4 >P60to P63
PORT 7 K8 >P70t0 P77
PORT12 KB >P120to P124
PORT13  [—=P130
PORT14  K“2_>P140, P141
BUZZER OUTPUT BUZ/P141
oS |- oo
oW voLTAGE e e S VIS E
INDICATOR
KEY RETURN (g JKROPTO0
RESET CONTROL
MULTIPLIER&
DIVIDERNote2

g8 ¢ 808880000 LT Y

ON-CHIP DEBUGN®

~——OCDO0AN®t3/x1, OCD1AN°e3/p31
ocDoBNete3/x2, 0CcD1BNoted/p32

|« RESET
X1/P121
SYSTEM
CoNTROL  [——X2/EXCLK/P122
XT1/P123
e XT2/EXCLKS/P124
INTERNAL
HIGH-SPEED
OSCILLATOR
VOLTAGE
REGULATOR REGC

Available only in the products whose flash memory is at least 96 KB.

2. Available only in the products whose flash memory is at least 48 KB.
3. Available only in the products with on-chip debug function.
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78K0/Kx2

CHAPTER 1 OUTLINE

1.7.5 78K0/KF2

TOO0O0/TI010/PO1 ~—=

16-bit timer/
event counter 00

TI000/PO0 j—»
RxD6/P14 (LINSEL)

TOO01/TI011/P06 ~—=
TIO01/P05 ——

16-bit timer/
event counter 01

TOHO/P15

8-bit timer HO

TOH1/P16 =—

8-bit timer H1

g 4 4 8

i

Internal low-speed
oscillator

{

Watchdog timer

TI50/TO50/P17 ~——|

8-bit timer/
event counter 50

TI51/TO51/P33 ~—»|

8-bit timer/
event counter 51

Watch timer

RxDO/P11 ——=
TxDO/P10 =—|

Serial
interface UARTO

78K/0
CPU
core

Flash
memory

g ¢

RxD6/P14 ——=
TxD6/P13 =—]

Serial
interface UART6

LINSEL

SI10/P11 ——=
SO10/P12 =—]
SCK10/P10 =—=

Serial
interface CSI10

SI11/P03 —

SO11/P02 ~—]
SCK11/P04 -—=
'SSI11/P05 ——|

Serial
interface CSI11

SIA0/P143 ——=
SOA0/P144 «—]
SCKAO/P142 =—=
STBO/P145 «—f
BUSYO0/P141 ——=

Serial
interface CSIAQ

I G VI G I O VI O

EXSCLO/P62 —
SDAO/P61 ~—=|
SCL0/P60

Serial
interface IICO

g

ANIO/P20 to
ANI7/P27
AVrer

AVss

8 )

A/D converter

{

RxD6/P14 (LINSEL,
IN'ISPO/P12()) j—’
INTP1/P30 to
INTP4/P33
INTP5/P16 ——=
INTP6/P140,

INTP7/P141

Interrupt
control

g 8

Internal
expansion
RAM

Internal
high-speed
RAM

Notes 1.

Voo, Vss, FLMDO

EVoo EVss

Port 0 K7~ >P00 to P06
Port 1 K 8 >P10to P17
Port 2 K8 >P20to P27
Port 3 K4 >P30to P33
Port 4 P40 to P47
Port 5 K8 >P50to P57
Port 6 K8~ >P60 to P67
Port 7 K8 >P70t0 P77
Port 12 K5 >P120to P124
Port 13 P130
Port 14 K6 >P140to P145
Buzzer output BUZ/P141
Clock output L~ PCL/P140
control
i rvgﬂaﬂia” POCAVE L. Exivipi20
indicator control
Key return 8] &E% ﬁ;g to

Reset control

Multiplier &
divider

O R N VA A R A A A A R A

On-chip debugNote 2

OCDOANete 2/x1 OCD1ANete 2/p31
ocDoBNete 2/x2 OCD1BNete 2/p32

- RESET
System X1/P121
control [~—X2/EXCLK/P122
XT1/P123
XT2/EXCLKS/P124
Internal high-speed
oscillator
Voltage REGC
regulator

2. Available only in the products with on-chip debug function.

Available only in the products whose flash memory is at least 96 KB.
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78K0/Kx2

CHAPTER 1 OUTLINE

1.8 Outline of Functions

(1/2
78K0/Kx2 78K0/KB2 78K0/KC2
Item 30/36 Pins 38/44 Pins 48 Pins
Flash memory (KB) 8 16 24 32 16 24 32 16 24 32 48 60
High-Speed RAM (KB) 0.5 0.75 1 1 0.75 1 1 0.75 1 1 1 1
Expansion RAM (KB) - - - - - - - - - - 1 2

Bank (flash memory)

Power supply voltage

Standard products, (A) grade products: Voo = 1.8 to 5.5 V, (A2) grade products: Voo =2.7t0 5.5V

Regulator

Provided

Minimum instruction
execution time

0.1 s (20 MHz: Voo = 2.7 to 5.5 V)/0.4 us (5 MHz: Voo = 1.8 to 5.5 V)

Note 1

< | High-speed system 20 MHz: Voo = 2.7 t0 5.5 V/5 MHz: Voo = 1.8 t0 5.5 V"""
S | Internal high-speed 8 MHz (TYP.): Voo = 1.8 t0 5.5 V"'
é oscillation
O | Subsystem - | 32.768 kHz (TYP.): Voo = 1.8 to 5.5 V"'
Internal low-speed 240 kHz (TYP.): Voo = 1.8 t0 5.5 V"'
oscillation
Total 23 31 (38 pins)/ 41
E 37 (44 pins)
N-ch O.D. (6 V tolerance) 2 4 4
16 bits (TMO) 1ch
_ | 8 bits (TM5) 2¢ch
£ [8bits (TMH) 2 ¢ch
"~ [Watch - 1ch
WDT 1ch
o 3-wire CSI -
{:‘% Automatic transmit/ -
@ |receive 3-wire CSI
= | UART/3-wire CSI™** 1ch
g UART supporting LIN-bus 1ch
I’C bus 1ch
10-bit A/D 4ch 6 ch (38 pins)/ 8ch
8 ch (44 pins)
S | External 6 7 8
& |Internal 14 16
<
Key interrupt - 2 ch (38 pins)/ 4 ch
4 ch (44 pins)
RESET pin Provided
@ |POC 159V +0.15V
E LVI The detection level of the supply voltage is selectable.
WDT Provided
Clock output/buzzer output - Clock output only
Multiplier/divider - Provided
On-chip debug function 1PD78F0503D, 78F0503DA 1PD78F0513D, 1PD78F0515D, 78F0515DA only
only 78F0513DA only

Operating ambient temperature

Standard products, (A) grade products: TA =—40 to +85°C, (A2) grade products: TA = —40 to +125°C

Notes 1. This is applicable to a standard expanded-specification product (#«PD78F05xxA and 78F05xxDA).
CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) to CHAPTER 33 ELECTRICAL
SPECIFICATIONS ((A2) GRADE PRODUCTS: TA: —40 to +125°C) for products with other specifications and

grades.

2. Select either of the functions of these alternate-function pins.

See
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78K0/Kx2 CHAPTER 1 OUTLINE
(2/2)
78K0/Kx2 78K0/KD2 78K0/KE2 78K0/KF2
Item 52 Pins 64 Pins 80 Pins
Flash memory (KB) 16 | 24 | 32 | 48 | 60 | 96 |128| 16 | 24 | 32 | 48 | 60 | 96 [ 128 | 48 | 60 | 96 | 128
High-Speed RAM (KB) 0.75| 1 1 1 1 1 1 10.75| 1 1 1 1 1 1 1 1 1 1
Expansion RAM (KB) - -] - 1 2 4 6 | - | - | - 1 2 | 4 6 1 2 4 | 6
Bank (flash memory) - 4 6 - 4 6 - 4 6
Power supply voltage Standard products, (A) grade products: Voo = 1.8 to 5.5 V, (A2) grade products: Voo =2.7t05.5V
Regulator Provided
Minimum instruction 0.1 us (20 MHz: Voo = 2.7 t0 5.5 V/)/0.4 us (5 MHz: Voo = 1.8 to 5.5 V) "'
execution time
- | High-speed system 20 MHz: Voo = 2.7 t0 5.5 V/5 MHz: Voo = 1.8 t0 5.5 V"'
S | Internal high-speed 8 MHz (TYP.): Voo = 1.8 to 5.5 V"'
§ oscillation
O | Subsystem 32.768 kHz (TYP.): Voo = 1.8 t0 5.5 V™'
Internal low-speed 240 kHz (TYP.): Voo = 1.8 t0 5.5 V"'
oscillation
5 Total 45 55 71
& | N-ch O.D. (6 V tolerance) 4 4 4
16 bits (TMO) 1ch 2ch
_ | 8 bits (TM5) 2ch
£ 8 bits (TMH) 2¢ch
~ [Watch 1ch
WDT 1ch
o 3-wire CSI - 1ch
{:‘% Automatic transmit/ - 1c¢ch
& | receive 3-wire CSI
= | UART/3-wire CSI™* 1ch
g UART supporting LIN-bus 1ch
I’C bus 1ch
10-bit A/D 8ch
‘g’. External 8 9
I3 Internal 16 19 20
£
Key interrupt 8 ch
RESET pin Provided
@ | POC 1.59V+0.15V
i LVI The detection level of the supply voltage is selectable.
WDT Provided
Clock output/buzzer output Clock output only Provided
Multiplier/divider - | Provided - | Provided
On-chip debug function uPD78F0527D, 78F0527DA only #PD78F0537D, 78F0537DA only uPD78F0547D,
78F0547DA only
Operating ambient temperature | Standard products, (A) grade products: Ta = —40 to +85°C, (A2) grade products: TA = —40 to +125°C

Notes 1. This is applicable to a standard expanded-specification p

roduct (4PD78F05xxA and 78F05xxDA). See

CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) to CHAPTER 33 ELECTRICAL

SPECIFICATIONS ((A2) GRADE PRODUCTS: TA: —40 to +
grades.
2. Select either of the functions of these alternate-function pins.

125°C) for products with other specifications and
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78K0/Kx2

CHAPTER 1 OUTLINE

An outline of the timer is shown below.

16-Bit Timer/ 8-Bit Timer/ 8-Bit Timers HO and H1 |Watch Timer| Watchdog
Event Counters Event Counters Timer
00 and 01 50 and 51
TMOO TMO1 TM50 TM51 TMHO TMH1
Function | Interval timer 1 channel | 1 channel | 1 channel | 1 channel | 1 channel | 1 channel |1 channel™" -
External event 1 channel | 1 channel | 1 channel | 1 channel - - - -
counter
PPG output 1 output 1 output - - - - - -
PWM output - - 1 output 1 output 1 output 1 output - -
Pulse width 2 inputs 2 inputs - - - - - -
measurement
Square-wave 1 output 1 output 1 output 1 output 1 output 1 output - -
output
Carrier generator - - - - - 1 output™™? - -
Timer output - - - - - - 1 channel™™' -
Watchdog timer - - - - - - - 1 channel
Interrupt source 2 2 1 1 1 1 1 -

Notes 1.

2. TM51 and TMH1 can be used in combination as a carrier generator mode.

Remark The timer mounted depends on the product.

In the watch timer, the watch timer function and interval timer function can be used simultaneously.

78K0/KB2

78K0/KC2

78K0/KD2

78K0/KE2

Products
whose flash
memory is
less than
32 KB

Products
whose flash
memory is
at least
48 KB

78KO0/KF2

16-bit timer/event
counter 00

16-bit timer/event
counter 01

8-bit timer/event
counter 50

8-bit timer/event
counter 51

8-bit timer HO

8-bit timer H1

Watch timer

Watchdog timer

: Mounted, —: Not mounted
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

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

shown below.

* 78K0/KB2:
o 78K0/KC2:

e 78K0/KD2:

e 78K0/KB2:
o 78KO/KE2:

o 78KO/KF2:

Table 2-1. Pin I/O Buffer Power Supplies (AVrer, Vbb)

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

38-pin plastic SSOP (7.62 mm (300)), 44-pin plastic LQFP (10x10),
48-pin plastic LQFP (fine pitch) (7x7)

52-pin plastic LQFP (10x10)

Power Supply Corresponding Pins
AVRer P20 to P27
Voo Pins other than P20 to P27

Table 2-2. Pin I/O Buffer Power Supplies (AVreF, EVbp, Vbp)

36-pin plastic FLGA (4x4)

64-pin plastic LQFP (fine pitch) (10x10), 64-pin plastic LQFP (14x14), 64-pin plastic LQFP (12x12),
64-pin plastic TQFP (fine pitch) (7x7), 64-pin plastic FLGA (5x5), 64-pin plastic FBGA (4x4)

80-pin plastic LQFP (14x14), 80-pin plastic LQFP (fine pitch) (12x12)

Power Supply Corresponding Pins
AVrer P20 to P27
EVop Port pins other than P20 to P27 and P121 to P124
Vob e P121 to P124
¢ Pins other than port
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

2.1.1 78K0/KB2

(1) Port functions: 78K0/KB2

Function Name I/0 Function After Reset | Alternate Function
P00 110 Port 0. Input port TI000
PO1 2-bit I/ port. TI010/TO00
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P10 1/0 Port 1. Input port SCK10/TxD0
P11 8-bit I/O port. SI10/RxDO
Input/output can be specified in 1-bit units.
P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a software
P13 setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P23 110 Port 2. Analog input | ANIO to ANI3
4-bit 1/0 port.
Input/output can be specified in 1-bit units.
P30 110 Port 3. Input port INTP1
P31 4-bit /O port INTP2/OCD1A™"
Input/output can be specified in 1-bit units. .
P32 . ) - INTP3/0CD1B"™*
Use of an on-chip pull-up resistor can be specified by a software
P33 setting. INTP4/TI51/TO51
P60 1/0 Port 6. Input port SCLO
Output is N-ch open-drain output (6 V tolerance).
Input/output can be specified in 1-bit units.
P120 110 Port 12. Input port INTPO/EXLVI
P121 3-bit I/O port. X1/OCDOA"
Input/output can be specified in 1-bit units.
P122 . . X2/EXCLK/
Only for P120, use of an on-chip pull-up resistor can be Not
- ) OCDOB™"*
specified by a software setting.

Note PD78F0503D and 78F0503DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (1/2): 78K0/KB2

Function Name I/0 Function After Reset|  Alternate Function
ANIO to ANI3 Input A/D converter analog input Analog P20 to P23
input

EXLVI Input Potential input for external low-voltage detection Input port | P120/INTPO
FLMDO - Flash memory programming mode setting - -
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 P30
INTP2 specilled P31/OCD1A"™"
INTP3 P32/0CD1B""
INTP4 P33/T151/TO51
INTP5 P16/TOH1
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -

for internal operation.

Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port | P11/SI10
RxD6 Input Serial data input to UART6 Input port | P14
TxDO Output | Serial data output from UARTO Input port | P10/SCK10
TxD6 Output | Serial data output from UART6 Input port | P13
SCK10 1/0 Clock input/output for CSI10 Input port | P10/TxDO
S0 Input Serial data input to CSI10 P11/RxD0
S010 Output | Serial data output from CSI10 P12
SCLO 110 Clock input/output for I°C Input port | P60
SDAO Serial data I/O for I'C P61
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port | POO

Capture trigger input to capture registers (CR000, CR010) of

16-bit timer/event counter 00
TIO10 Input Capture trigger input to capture register (CR000) of 16-bit Input port | PO1/TO00

timer/event counter 00
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port | P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TOO00 Output | 16-bit timer/event counter 00 output Input port | PO1/TI010
TO50 Output | 8-bit timer/event counter 50 output Input port | P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO Output | 8-bit timer HO output Input port | P15
TOH1 8-bit timer H1 output P16/INTP5
X1 - Connecting resonator for main system clock Input port | P121/OCDOA"™"*
X2 - Input port | P122/EXCLK/OCDOB""*
EXCLK Input External clock input for main system clock Input port | P122/X2/0CDOB"*

Note 4PD78F0503D and 78F0503DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (2/2): 78K0/KB2

Function Name 110 Function After Reset Alternate Function
Vop - For 30-pin products: Positive power supply for pins other - -
than P20 to P23
For 36-pin products: Positive power supply for P121, P122,
and non-port pins
EVop"*©' - For 36-pin products: Positive power supply for port pins - -
other than P20 to P23, P121, and P122. Make the same
potential as Voo.
AVRer - A/D converter reference voltage input and positive power - -
supply for P20 to P23 and A/D converter
Vss - For 30-pin products: Ground potential for pins other than - -
P20 to P23
For 36-pin products: Ground potential for P121, P122, and
non-port pins
EVss"' - For 36-pin products: Ground potential for port pins other - -
than P20 to P23, P121, and P122. Make the same potential
as Vss.
AVss - A/D converter ground potential. Make the same potential as - -
Vss.
OCDOA™"** Input Connection for on-chip debug mode setting pins Input port P121/X1
OCD1 AM*? (#PD78F0503D and 78F0503DA only) P31/INTP2
ocDoB"™* - P122/X2/EXCLK
OCD1B"*"? P32/INTP3
Notes 1. 36-pin products only

2. ©PD78F0503D and 78F0503DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

2.1.2 78K0/KC2

(1) Port functions (1/2): 78K0/KC2

Function Name I/0 Function After Reset | Alternate Function
P00 110 Port 0. Input port TI000
PO1 2-bit I/ port. TI010/TO00
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P10 1/0 Port 1. Input port SCK10/TxD0
P11 8-bit I/O port. SI10/RxDO
b Input/output can be specified in 1-bit units. SO
12 Use of an on-chip pull-up resistor can be specified by a software 10
P13 setting. TxDé
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P25 1/0 Port 2. Analog input | ANIO to ANI5
pog'!, po7heet 8-bit 1/0 port. ANIE™™" ANI7"""
Input/output can be specified in 1-bit units.
P30 110 Port 3. Input port INTP1
P31 4-bit /O port. INTP2/0CD1A™"?
Input/output can be specified in 1-bit units. —
P32 Use of an on-chip pull-up resistor can be specified by a software INTP3/0OCD1B
P33 setting. TI51/TO51/INTP4
P40"*', P41™*" | 1/0 Port 4. 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.
P60 110 Port 6. Input port SCLO
P61 4-bit 1/0 port. SDAO
Output of P60 to P63 is N-ch open-drain output (6 V tolerance).
P62 e T EXSCLO
Input/output can be specified in 1-bit units.
P63 -
P70, P71 110 Port 7. Input port KRO, KR1
P72Nole|‘ p73Met 6-bit 1/0 port. KR2Note1’ KR3"e!
P74t pygioes Input/output can be specified in 1-bit units.
7 P75 Use of an on-chip pull-up resistor can be specified by a software -
setting.

Notes 1.

44-pin and 48-pin products only

For the 38-pin products, be sure to set bits 6 and 7 of PM2 to “1”, and bits 0 and 1 of PM4, bits 2 and 3 of PM7,
bits 6 and 7 of P2, bits 0 and 1 of P4, and bits 2 and 3 of P7 to “0”.
2. 4PD78F0513D, 78F0513DA, 78F0515D and 78F0515DA (product with on-chip debug function) only
3. 48-pin products only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(1) Port functions (2/2): 78K0/KC2

Function Name I/0 Function After Reset | Alternate Function
P120 /0 Port 12. Input port INTPO/EXLVI
P121 5-bit I/0 pOf‘t. X1/OCD0ANo|e|
122 Input/output can be specified in 1-bit units. v —"
Only for P120, use of an on-chip pull-up resistor can be
P123 specified by a software setting. XT1
P124 XT2/EXCLKS
P130"*? Output | Port 13. Output port -
1-bit output-only port.
P140"%"? 110 Port 14. Input port PCL/INTP6""?
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.

Notes 1. 4PD78F0513D, 78F0513DA, 78F0515D and 78F0515DA (product with on-chip debug function) only
2. 48-pin products only

(2) Non-port functions (1/2): 78K0/KC2

Function Name 110 Function After Reset | Alternate Function
ANIO to ANI5 Input A/D converter analog input Analog input | P20 to P25
ANI6NME1’ ANI7NoleI P26Nolel‘ P27NoleI
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
EXSCLO Input External clock input for serial interface. Input port P62

To input an external clock, input a clock of 6.4 MHz.
FLMDO - Flash memory programming mode setting - -
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 P30

specified o2
INTP2 P31/OCD1A™"
INTP3 P32/0CD1B""*
INTP4 P33/T151/TO51
INTP5 P16/TOH1
INTPE""* P140/PCL""*
KRO, KR1 Input Key interrupt input Input port P70, P71
KRZNoleI‘ KRSNM&1 P72Nole|‘ P73Nol91
pCL"*® Output | Clock output (for trimming of high-speed system clock, Input port P140/INTP6""**

subsystem clock)

Notes 1.

44-pin and 48-pin products only

For the 38-pin products, be sure to set bits 6 and 7 of PM2 to “1”, and bits 2 and 3 of PM7, bits 6 and 7 of P2,
and bits 2 and 3 of P7 to “0”.
2. 4PD78F0513D, 78F0513DA, 78F0515D and 78F0515DA (product with on-chip debug function) only
3. 48-pin products only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (2/2): 78K0/KC2

Function Name 110 Function After Reset | Alternate Function
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -
for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port P11/S110
RxD6 Input Serial data input to UART6 Input port P14
SCK10 I/0 Clock input/output for CSI10 Input port P10/TxDO
SCLO I/0 Clock input/output for I°C Input port P60
SDAO 1/0 Serial data I/O for I’C Input port P61
S0 Input Serial data input to CSI10 Input port P11/RxD0
SO10 Output Serial data output from CSI10 Input port P12
TIO00 Input External count clock input to 16-bit timer/event counter 00 Input port P00
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TIO10 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TOO00 Qutput 16-bit timer/event counter 00 output Input port PO1/TI010
TO50 Output 8-bit timer/event counter 50 output Input port P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO Output 8-bit timer HO output Input port P15
TOHA1 8-bit timer H1 output P16/INTP5
TxDO Output Serial data output from UARTO Input port P10/SCK10
TxD6 Output Serial data output from UART6 Input port P13
X1 - Connecting resonator for main system clock Input port P121/OCDOA™"*
X2 - P122/EXCLK/
OCDOB"™*
EXCLK Input External clock input for main system clock Input port P122/X2/
OoCcDoB"™*
XT1 - Connecting resonator for subsystem clock Input port P123
XT2 - Input port P124/EXCLKS
EXCLKS Input External clock input for subsystem clock Input port P124/XT2
Vop - Positive power supply for pins other than P20 to P27 - -
AVREF - A/D converter reference voltage input and positive power - -
supply for P20 to P27 and A/D converter
Vss - Ground potential for pins other than P20 to P27 - -
AVss - A/D converter ground potential. Make the same potential as - -
Vss.
OCDOA"™* Input Connection for on-chip debug mode setting pins Input port P121/X1
OCD1A™® («PD78F0513D, 78F0513DA, 78F0515D and 78F0515DA P31/INTP2
Note onIY)
OCDoB - P122/X2/EXCLK
ocD1B™* P32/INTP3

Note ~PD78F0513D, 78F0513DA, 78F0515D and 78F0515DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

2.1.3 78K0/KD2

(1) Port functions (1/2): 78K0/KD2

Function Name I/0 Function After Reset | Alternate Function
P00 110 Port 0. Input port TI000
PO1 4-bit I/O port. TI010/TO00
o2 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software —
P03 setting. -
P10 1/0 Port 1. Input port SCK10/TxD0
P11 8-bit I/O port. SI10/RxDO
Input/output can be specified in 1-bit units.
P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a software
P13 setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P27 110 Port 2. Analog input | ANIO to ANI7
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
P30 110 Port 3. Input port INTP1
P31 4-bit 1/O port. INTP2/OCD1A™"*
Input/output can be specified in 1-bit units. "
P32 . . - INTP3/0CD1B""
Use of an on-chip pull-up resistor can be specified by a software
P33 setting. TI51/TO51/INTP4
P40, P41 1/0 Port 4. Input port -
2-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.
P60 110 Port 6. Input port SCLO
P61 4-bit I/O port. SDAO
Output is N-ch open-drain output (6 V tolerance).
P62 I N EXSCLO
Input/output can be specified in 1-bit units.
P63 -
P70 to P77 110 Port 7. Input port KRO to KR7
8-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 1/0 Port 12. Input port INTPO/EXLVI
P121 5-bit I/O port. X1/OCDOA™ "
Input/output can be specified in 1-bit units.
P122 . . X2/EXCLK/
Only for P120, use of an on-chip pull-up resistor can be Not
- ) ocDoB™"*
specified by a software setting.
P123 XT1
P124 XT2/EXCLKS

Note 4PD78F0527D and 78F0527DA (product with on-chip debug function) only

RO1UHOO08EJ0401 Rev.4.01

Jul 15, 2010

RENESAS

67



78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(1) Port functions (2/2): 78K0/KD2

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

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

setting.

Function Name I/0 Function After Reset | Alternate Function
P130 Output | Port 13. Output port -
1-bit output-only port.
P140 1/0 Port 14. Input port PCL/INTP6
1-bit I/O port.

(2) Non-port functions (1/2): 78 K0/KD2

Function Name I/0 Function After Reset Alternate Function
ANIO to ANI7 Input A/D converter analog input Analog P20 to P27
input
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
EXSCLO Input External clock input for I’C Input port P62
To input an external clock, input a clock of 6.4 MHz.
FLMDO - Flash memory programming mode setting - -
INTPO Input External interrupt request input for which the valid edge Input port P120/EXLVI
INTP1 (rising edge, falling edge, or both rising and falling edges) P30
can be specified "
INTP2 P31/0CD1A™"
INTP3 P32/0CD1B"*
INTP4 P33/TI51/TO51
INTP5 P16/TOH1
INTP6 P140/PCL
KRO to KR7 Input Key interrupt input Input port P70 to P77
PCL Output | Clock output (for trimming of high-speed system clock, Input port P140/INTP6
subsystem clock)
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -
for internal operation.
Connect to Vss via a capacitor (0.47 to 1 4F).
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port P11/SI10
RxD6 Serial data input to UART6 P14
SCK10 110 Clock input/output for CSI10 Input port P10/TxDO
SCLO Clock input/output for I°C P60
SDAO 1/0 Serial data 1/O for I°C Input port P61
SI10 Input Serial data input to CSI10 Input port P11/RxDO0
SO10 Output | Serial data output from CSI10 Input port P12
TxDO Output | Serial data output from UARTO Input port P10/SCK10
TxD6 Serial data output from UART6 P13

Note 4PD78F0527D and 78F0527DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

<R>

<R>

<R>

(2) Non-port functions (2/2): 78K0/KD2

Function Name /0 Function After Reset Alternate Function
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port | POO
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TIO10 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port | P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TOO00 Output | 16-bit timer/event counter 00 output Input port | PO1/TI010
TO50 Qutput | 8-bit timer/event counter 50 output Input port | P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO 8-bit timer HO output P15
TOH1 8-bit timer H1 output P16/INTP5
X1 - Connecting resonator for main system clock Input port | P121/OCDOA™"
X2 - P122/EXCLK/OCDOB"*
EXCLK Input External clock input for main system clock Input port | P122/X2/0CDOB"*
XT1 - Connecting resonator for subsystem clock Input port | P123
XT2 - Input port | P124/EXCLKS
EXCLKS Input External clock input for subsystem clock Input port | P124/XT2
Vop - Positive power supply for pins other than P20 to P27 - -
AVrer - A/D converter reference voltage input and positive power - -
supply for P20 to P27 and A/D converter
Vss - Ground potential for pins other than P20 to P27 - -
AVss - A/D converter ground potential. Make the same potential as - -
Vss.
OCDOA™™" Input Connection for on-chip debug mode setting pins Input port | P121/X1
OCD1A™" («PD78F0527D and 78F0527DA only) P31/INTP2
OCDOB"™™* - P122/X2/EXCLK
ocD1B™™ P32/INTP3

Note PD78F0527D and 78F0527DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

2.1.4 78K0/KE2

(1) Port functions (1/2): 78K0/KE2

Function Name I/0 Function After Reset | Alternate Function
P00 110 Port 0. Input port TI000
PO1 7-bit I/ port. TI010/TO00
Input/output can be specified in 1-bit units. oo
P02 . . - SO11™*
Use of an on-chip pull-up resistor can be specified by a software
P03 Setting. S 1N°w1
P04 SCKi1""!
P05 TI001™*Y
SS|1 1Note1
P06 TIO11"*Y
TOO1 Note 1
P10 110 Port 1. Input port SCK10/TxD0
P11 8-bit I/0 port. SI10/RxDO
P12 Input/output can be specified in 1-bit units. 5010
Use of an on-chip pull-up resistor can be specified by a software
P13 setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P27 110 Port 2. Analog input | ANIO to ANI7
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
P30 1/0 Port 3. Input port INTP1
P31 4-bit 1/0 port. INTP2/OCD1A""?
Input/output can be specified in 1-bit units. o2
P32 . . - INTP3/0CD1B"™"
Use of an on-chip pull-up resistor can be specified by a software
P33 setting. TI51/TO51/INTP4
P40 to P43 1/0 Port 4. Input port -
4-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.
P50 to P53 110 Port 5. Input port -
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.
P60 110 Port 6. Input port SCLO
P61 4-bit 1/0 port. SDAO
QOutput of P60 to P63 is N-ch open-drain output (6 V tolerance).
P62 e N EXSCLO
Input/output can be specified in 1-bit units.
P63 -

Notes 1. Available only in the products whose flash memory is at least 48 KB.
2. ;4PD78F0537D and 78F0537DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(1) Port functions (2/2): 78K0/KE2

Function Name I/0 Function After Reset | Alternate Function
P70 to P77 110 Port 7. Input port KRO to KR7
8-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.
P120 110 Port 12. Input port INTPO/EXLVI
P121 5-bit I/0 port. X1/OCDOAN"
122 Input/output can be specified in 1-bit units. Y OEXCLKIOCDOB™™
Only for P120, use of an on-chip pull-up resistor can be
P123 specified by a software setting. XTH1
P124 XT2/EXCLKS
P130 Output | Port 13. Qutput port -
1-bit output-only port.
P140 1/0 Port 14. Input port PCL/INTP6
P141 2-bit I/ port. BUZ/INTP7
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.

Note 4PD78F0537D and 78F0537DA (product with on-chip debug function) only

(2) Non-port functions (1/3): 78K0/KE2

Function Name I} Function After Reset | Alternate Function
ANIO to ANI7 Input A/D converter analog input Analog input | P20 to P27
BUZ Output Buzzer output Input port P141/INTP7
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
EXSCLO Input External clock input for I°C. Input port P62

To input an external clock, input a clock of 6.4 MHz.
FLMDO - Flash memory programming mode setting - -
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 P30

specified N
INTP2 P31/OCD1A™"
INTP3 P32/0CD1B"™"*
INTP4 P33/TI51/TO51
INTP5 P16/TOH1
INTP6 P140/PCL
INTP7 P141/BUZ
KRO to KR7 Input Key interrupt input Input port P70 to P77
PCL Output Clock output (for trimming of high-speed system clock, Input port P140/INTP6

subsystem clock)
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -

for internal operation.

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

Note 4PD78F0537D and 78F0537DA (product with on-chip debug function) only
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78K0/Kx2 CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (2/3): 78K0/KE2

Function Name I/0 Function After Reset | Alternate Function
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port P11/S110
RxD6 Serial data input to UART6 P14
SCK10 1/0 Clock input/output for CSI10 Input port P10/TxDO
SCK11"! Clock input/output for CSI11 P04
SCLO 1/0 Clock input/output for I’C Input port P60
SDAO 110 Serial data I/O for I’C Input port P61
S0 Input Serial data input to CSI10 Input port P11/RxD0
S Serial data input to CSI11 P03
SO10 Output Serial data output from CSI10 Input port P12
SO’ Serial data output from CSI11 P02
SSI1"e! Input Chip select input to CSI11 Input port P05/T1001
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port P00

Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00

TI001""" External count clock input to 16-bit timer/event counter 01 P05/SSI11M""
Capture trigger input to capture registers (CR001, CR011) of
16-bit timer/event counter 01

TIO10 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00

TIO1 """ Capture trigger input to capture register (CR001) of 16-bit P06/TO01"""
timer/event counter 01

TI50 Input External count clock input to 8-bit timer/event counter 50 Input port P17/TO50

TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4

TOO00 Output 16-bit timer/event counter 00 output Input port P0O1/TI010

TOO1""! 16-bit timer/event counter 01 output PO6/TI011"""

TO50 Output 8-bit timer/event counter 50 output Input port P17/TI50

TO51 8-bit timer/event counter 51 output P33/TI51/INTP4

TOHO Output 8-bit timer HO output Input port P15

TOH1 8-bit timer H1 output P16/INTP5

TxDO Output Serial data output from UARTO Input port P10/SCK10

TxD6 Serial data output from UART6 P13

<R>| X1 - Connecting resonator for main system clock Input port P121/0OCDOA""*?

X2 _ P122/EXCLK/
OCDOBNote 2

EXCLK Input External clock input for main system clock Input port P122/X2/
OCDOBNote 2

<R>| XT1 - Connecting resonator for subsystem clock Input port P123
XT2 - Input port P124/EXCLKS
EXCLKS Input External clock input for subsystem clock Input port P124/XT2

Notes 1. Available only in the products whose flash memory is at least 48 KB.
2. ;4PD78F0537D and 78F0537DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (3/3): 78K0/KE2

Function Name I/0 Function After Reset | Alternate Function
Voo - Positive power supply for P121 to P124 and other than ports - -
EVop - Positive power supply for ports other than P20 to P27 and - -
P121 to P124. Make EVoo the same potential as Voo.
AVRer - A/D converter reference voltage input and positive power - -
supply for P20 to P27 and A/D converter
Vss - Ground potential for P121 to P124 and other than ports - -
EVss - Ground potential for ports other than P20 to P27 and P121 to - -
P124. Make EVss the same potential as Vss.
AVss - A/D converter ground potential. Make the same potential as - -
Vss.
OCDOA™™ Input Connection for on-chip debug mode setting pins Input port P121/X1
OCD1AN" (#«PD78F0537D and 78F0537DA only) P31/INTP2
OCDoB"* - P122/X2/EXCLK
ocD1B™™ P32/INTP3

Note 4PD78F0537D and 78F0537DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

2.1.5 78K0/KF2

(1) Port functions (1/2): 78K0/KF2

Function Name I/0 Function After Reset | Alternate Function
P00 110 Port 0. Input port TI000
PO1 7-bit I/ port. TI010/TO00
Input/output can be specified in 1-bit units.
P02 . . - SO11
Use of an on-chip pull-up resistor can be specified by a software
P03 setting. Sl11
P04 SCK11
P05 TI001/SSI11
P06 TI011/TO01
P10 110 Port 1. Input port SCK10/TxD0
P11 8-bit I/0 port. SI10/RxDO
P12 Input/output can be specified in 1-bit units. 5010
Use of an on-chip pull-up resistor can be specified by a software
P13 Setting_ TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P27 110 Port 2. Analog input | ANIO to ANI7
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
P30 1/0 Port 3. Input port INTP1
P31 4-bit I/ port. INTP2/OCD1A"™"
Input/output can be specified in 1-bit units. .
P32 . . - INTP3/0CD1B"™"
Use of an on-chip pull-up resistor can be specified by a software
P33 setting. TI51/TO51/INTP4
P40 to P47 /0 Port 4. Input port -
8-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.
P50 to P57 110 Port 5. Input port -
8-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.
P60 110 Port 6. Input port SCLO
P61 8-bit 1/0 port. SDAO
Output of P60 to P63 is N-ch open-drain output (6 V tolerance).
P62 e N EXSCLO
Input/output can be specified in 1-bit units.
P63 to P67 Only for P64 to P67, use of an on-chip pull-up resistor can be -
specified by a software setting.

Note PD78F0547D and 78F0547DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(1) Port functions (2/2): 78K0/KF2

Function Name I/0 Function After Reset | Alternate Function
P70 to P77 110 Port 7. Input port KRO to KR7
8-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.
P120 110 Port 12. Input port INTPO/EXLVI
P121 5-bit I/0 port. X1/OCDOAN"
122 Input/output can be specified in 1-bit units. Y OEXCLKIOCDOB™™
Only for P120, use of an on-chip pull-up resistor can be
P123 specified by a software setting. XTH1
P124 XT2/EXCLKS
P130 Output | Port 13. Qutput port -
1-bit output-only port.
P140 1/0 Port 14. Input port PCL/INTP6
P141 6-bit I/ port. BUZ/BUSYO/INTP7
Input/output can be specified in 1-bit units. p—
P142 . . - SCKAO
Use of an on-chip pull-up resistor can be specified by a
P143 software setting. SIA0
P144 SOA0
P145 STBO

Note 1PD78F0547D and 78F0547DA (product with on-chip debug function) only

(2) Non-port functions (1/3): 78K0/KF2

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

BUSYO Input CSIAO busy input Input port P141/BUZ/INTP7
BUZ Output | Buzzer output Input port P141/BUSYO/INTP7
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
EXSCLO Input External clock input for I°C. Input port P62

To input an external clock, input a clock of 6.4 MHz.
FLMDO - Flash memory programming mode setting - -
INTPO Input External interrupt request input for which the valid edge Input port P120/EXLVI
INTP1 (rising edge, falling edge, or both rising and falling edges) P30

can be specified ot
INTP2 P31/0CD1A™*
INTP3 P32/0CD1B""
INTP4 P33/TI51/TO51
INTP5 P16/TOHA1
INTP6 P140/PCL
INTP7 P141/BUZ/BUSY0
KRO to KR7 Input Key interrupt input Input port P70 to P77

Note 1PD78F0547D and 78F0547DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (2/3): 78K0/KF2

Function Name I} Function After Reset Alternate Function
PCL Output | Clock output (for trimming of high-speed system clock, Input port P140/INTP6
subsystem clock)
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -
for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port P11/SI10
RxD6 Input Serial data input to UART6 Input port P14
SCK10 1/0 Clock input/output for CSI10, CSI11 Input port | P10/TxDO
SCK11 P04
'SCKAO 110 Clock input/output for CSIAQ Input port P142
SCLO 1/0 Clock input/output for I’C Input port P60
SDAO I/0 Serial data /O for I’C Input port P61
SO Input Serial data input to CSI10, CSI11 Input port P11/RxD0
Sit1 P03
SIA0 Input Serial data input to CSIAO Input port P143
SO10 Output | Serial data output from CSI10, CSI11 Input port P12
SO11 P02
SOA0 Output | Serial data output from CSIAO Input port P144
SSI11 Input Chip select input to CSI11 Input port PO5/TI1001
STBO Output | Strobe output from CSIAO Input port P145
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port POO
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TI001 External count clock input to 16-bit timer/event counter 01 P05/SSI11
Capture trigger input to capture registers (CR001, CR011) of
16-bit timer/event counter 01
TIO10 Input Capture trigger input to capture register (CR000) of 16-bit Input port P01/TO00
timer/event counter 00
TIO11 Capture trigger input to capture register (CR001) of 16-bit P06/TO01
timer/event counter 01
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TO00 Output | 16-bit timer/event counter 00 output Input port PO1/TI010
TOO1 16-bit timer/event counter 01 output PO6/TI011
TO50 Output | 8-bit timer/event counter 50 output Input port P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO Output | 8-bit timer HO output Input port P15
TOH1 8-bit timer H1 output P16/INTP5
TxDO Output | Serial data output from UARTO Input port | P10/SCK10
TxD6 Output | Serial data output from UART6 Input port P13
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (3/3): 78K0/KF2

Function Name /0 Function After Reset Alternate Function
X1 - Connecting resonator for main system clock Input port P121/OCDOA™™"
X2 - Input port | P122/EXCLK/OCDOB"™"
EXCLK Input External clock input for main system clock Input port P122/X2/0CDOB""
XT1 - Connecting resonator for subsystem clock Input port P123
XT2 - Input port P124/EXCLKS
EXCLKS Input External clock input for subsystem clock Input port P124/XT2
Voo - Positive power supply for P121 to P124 and other than ports - -

EVoo - Positive power supply for ports other than P20 to P27 and - -
P121 to P124. Make EVop the same potential as Voo.

AVRer - A/D converter reference voltage input and positive power - -
supply for P20 to P27 and A/D converter

Vss - Ground potential for P121 to P124 and other than ports - -

EVss - Ground potential for ports other than P20 to P27 and P121 - -
to P124. Make EVss the same potential as Vss.

AVss - A/D converter ground potential. Make the same potential as - -
Vss.

OCDOA™™" Input Connection for on-chip debug mode setting pins Input port P121/X1

OCD1A™" (1«PD78F0547D and 78F0547DA only) P31/INTP2

ocDoB™™ - P122/X2/EXCLK

ocD1B™™ P32/INTP3

Note 4PD78F0547D and 78F0547DA (product with on-chip debug function) only
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78K0/Kx2

CHAPTER 2 PIN FUNCTIONS

2.2 Description of Pin Functions

Remark The pins mounted depend on the product. See 1.4 Ordering Information and 2.1 Pin Function List.

2.2.1 P00 to P06 (port 0)
P00 to P06 function as an I/O port. These pins also function as timer 1/O, serial interface data 1/0O, clock I/O, and chip

select input.
78K0/KB2 78K0/KC2 78K0/KD2 78KO0/KE2 78KO0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P00/TI000 N N v
P01/T1010/TO00 N N Y
P02/SO11 po2"* po2"* v
P03/S|1 1 P03Nule P03Nule \/
P04/SCK11 - PO4"* v
PO5/TI001/SSI11 - PO5""* v
P06/TI011/TO01 - PO6" " v

Note The 78KO0/KE2 products whose flash memory

port functions and not alternate functions.

Remark +: Mounted, —;: Not mounted

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

(1) Port mode

is less than 32 KB and 78K0/KD2 products are only provided with

P00 to P06 function as an I/O port. P00 to P06 can be set to input or output port in 1-bit units using port mode

register 0 (PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

(2) Control mode

P00 to P06 function as timer 1/O, serial interface data 1/O, clock I/O, and chip select input.

(a) TI000, TI0O1

These are the pins for inputting an external count clock to 16-bit timer/event counters 00 and 01 and are also for
inputting a capture trigger signal to the capture registers (CR000, CR010 or CR001, CR011) of 16-bit timer/event
counters 00 and 01.

(b) TIO10, TIO11

These are the pins for inputting a capture trigger signal to the capture register (CR000 or CR001) of 16-bit

timer/event counters 00 and 01.

(c) TO00, TOO1

These are timer output pins of 16-bit timer/event counters 00 and 01.
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78K0/Kx2 CHAPTER 2 PIN FUNCTIONS

(d) SI1
This is a serial data input pin of serial interface CSI11.

(e) SO11
This is a serial data output pin of serial interface CSI11.

(f) SCK11
This is a serial clock 1/O pin of serial interface CSI11.

(g) SSIi1
This is a chip select input pin of serial interface CSI11.

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

78K0/KB2 78K0/KC2 78K0/KD2 78KO/KE2 78KO/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P10/SCK10/TxDO v
P11/SI10/RxDO \
P12/SO10 \
P13/TxD6 \
P14/RxD6 \
P15/TOHO v
P16/TOH1/INTP5 \
P17/TI50/TO50 \

Remark +: Mounted

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

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

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

(c)

(d)

(e)

®

()

(h)

@

(k)

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

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

RxD6
This is a serial data input pin of serial interface UART®.

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

TxD6
This is a serial data output pin of serial interface UART®6.

TI50

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

TO50
This is a timer output pin of 8-it timer/event counter 50.

TOHO, TOH1
These are the timer output pins of 8-bit timers HO and H1.

INTP5

This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising and

falling edges) can be specified.
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2.2.3 P20 to P27 (port 2)
P20 to P27 function as an I/O port. These pins also function as pins for A/D converter analog input.

78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P20/ANIO J y \
P21/ANIA \ N N
P22/ANI2 J y \
P23/ANI3 \ N y
P24/ANI4 - v v
P25/ANI5 - N y
P26/ANI6 - ote y
P27/ANI7 - et \

Note This is not mounted onto 38-pin products of the 78K0/KC2. For the 38-pin products, be sure to set bits 6 and 7 of
PM2 to “1”, and bits 6 and 7 of P2 to “0”.

Remark +: Mounted, —: Not mounted
The following operation modes can be specified in 1-bit units.
(1) Port mode
P20 to P27 function as an I/O port. P20 to P27 can be set to input or output port in 1-bit units using port mode
register 2 (PM2).
(2) Control mode
P20 to P27 function as A/D converter analog input pins (ANIO to ANI7). When using these pins as analog input pins,

see (5) ANIO/P20 to ANI7/P27 in 13.6 Cautions for A/D Converter.

Caution ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.
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2.2.4 P30 to P33 (port 3)

P30 to P33 function as an I/O port. These pins also function as pins for external interrupt request input and timer 1/O.

78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P30/INTP1
P31/INTP2/
OCD1A™*
P32/INTP3/ \
OoCD1B"™™
P33/INTP4/TI51/ y
TO51

Note OCD1A and OCD1B are provided to the products with an on-chip debug function (#PD78F05xxD and 78F05xxDA)

only.

Remark +: Mounted

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

(1) Port mode

P30 to P33 function as an I/O port. P30 to P33 can be set to input or output port in 1-bit units using port mode

register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3 (PU3).

(2) Control mode

P30 to P33 function as external interrupt request input and timer 1/0.

(a) INTP1 to INTP4

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

rising and falling edges) can be specified.

(b) TI51

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

(c) TOS51

This is a timer output pin from 8-bit timer/event counter 51.

Caution 1. In the product with an on-chip debug function (uPD78F05xxD and 78F05xxDA), be sure to
pull the P31/INTP2/0OCD1A pin down before a reset release, to prevent malfunction.
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Caution 2. Process the P31/INTP2/OCD1A pin of the products mounted with the on-chip debug
function (uPD78F05xxD and 78F05xxDA) as follows, when it is not used when it is
connected to a flash memory programmer or an on-chip debug emulator.

P31/INTP2/OCD1A

Note

Flash memory programmer connection Connect to EVss™* via a resistor.

On-chip debug
emulator connection
(when it is not used
as an on-chip debug
mode setting pin)

During reset

Connect to EVop"* or EVss"™*
via a resistor.

During reset released Input:

Output: Leave open.

Note With products without an EVss pin, connect them to Vss. With products without an EVop pin, connect them
to Voo.

Remark P31 and P32 of the product with an on-chip debug function (#«PD78F05xxD and 78F05xxDA) can be
used as on-chip debug mode setting pins (OCD1A and OCD1B) when the on-chip debug function is
used. For how to connect an on-chip debug emulator (QB-MINI2), see CHAPTER 28 ON-CHIP
DEBUG FUNCTION (4PD78F05xxD and 78F05xxDA ONLY).

2.2.5 P40 to P47 (port 4)
P40 to P47 function as an I/O port. P40 to P47 can be set to input or output port in 1-bit units using port mode register
4 (PM4). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4 (PU4).

78K0/KB2 78KO/KC2 78K0/KD2 78KO/KE2 78KO/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P40 - e v v
P41 - e J N
P42 - - v v
P43 - - v v
P44 - - - N
P45 - - - v
P46 - - - v
P47 - - - v

Note This is not mounted onto 38-pin products of the 78K0/KC2.
PM4 and P4 to “0”.

For the 38-pin products, be sure to set bits 0 and 1 of

Remark +: Mounted, —: Not mounted
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2.2.6 P50 to P57 (port 5)
P50 to P57 function as an I/O port. P50 to P57 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).

78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78KO0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P50 - N N
P51 - v v
P52 - v v
P53 - v v
P54 - - v
P55 - _ N
P56 - - v
P57 - - v

Remark +: Mounted, —: Not mounted

2.2.7 P60 to P67 (port 6)
P60 to P67 function as an I/O port. These pins also function as pins for serial interface data 1/O, clock I/O, and external

clock input.
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P60/SCLO V V
P61/SDAO y y
P62/EXSCLO V V
P63 - y y
P64 - V
P65 - - \/
P66 - - y
P67 - - \/

Remark +: Mounted, —: Not mounted

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

()

Port mode

P60 to P67 function as an I/O port. P60 to P67 can be set to input port or output port in 1-bit units using port mode
register 6 (PM6). Only for P64 to P67, use of an on-chip pull-up resistor can be specified by pull-up resistor option
register 6 (PUB).

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

Control mode
P60 to P67 function as serial interface data 1/O, clock I/O, and external clock input.

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

(b) SCLO
This is a serial clock I/O pin for serial interface 11CO.

(c) EXSCLO
This is an external clock input pin to serial interface [IC0. To input an external clock, input a clock of 6.4 MHz.

2.2.8 P70 to P77 (port 7)

P70 to P77 function as an I/O port. These pins also function as key interrupt input pins.

78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P70/KRO - y \
P71/KR1 - v v
P72/KR2 - et v
P73/KR3 - rete y
P74/KR4 - p74™e? v
P75/KR5 - p75"e? R
P76/KR6 - - y
P77/KR7 - - \

Notes 1. This is not mounted onto 38-pin products of the 78K0/KC2. For the 38-pin products, be sure to set bits 2 and 3
of PM7 and P7 to “0”.

2. This is not mounted onto 38-pin and 44-pin products of the 78K0/KC2. The 48-pin products are only provided

with port functions and not alternate functions.

Remark +: Mounted, —: Not mounted

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

(2) Control mode
P70 to P77 function as key interrupt input pins.

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

2.2.9 P120 to P124 (port 12)

P120 to P124 function as an I/O port. These pins also function as pins for external interrupt request input, potential
input for external low-voltage detection, connecting resonator for main system clock, connecting resonator for subsystem
clock, external clock input for main system clock, and external clock input for subsystem clock.

78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78KO0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P120/INTPO/EXLVI
P121/X1/OCDOA™"
P122/X2/EXCLK/
OCDOB"™
P123/XT1 -
P124/XT2/EXCLKS -

Note OCDOA and OCDOB are provided to the products with an on-chip debug function (xPD78F05xxD and 78F05xxDA)
only.

Remark +: Mounted, —;: Not mounted
The following operation modes can be specified in 1-bit units.

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

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

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

RO1UHO008EJ0401 Rev.4.01 86
Jul 15, 2010 RENESAS



78K0/Kx2 CHAPTER 2 PIN FUNCTIONS

(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.

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

Caution Process the P121/X1/OCDOA pin of the products mounted with the on-chip debug function
(uPD78F05xxD and 78F05xxDA) as follows, when it is not used when it is connected to a flash
memory programmer or an on-chip debug emulator.

P121/X1/OCDOA
Flash memory programmer connection Connect to Vss via a resistor.
On-chip debug During reset
emulator connection During reset released Input:  Connect to Vop or Vss via a
(when it is not used resistor.
as an on-chip debug Output: Leave open.
mode setting pin)

Remark X1 and X2 of the product with an on-chip debug function (#PD78F05xxD and 78F05xxDA) can be
used as on-chip debug mode setting pins (OCDOA and OCDOB) when the on-chip debug function is
used. For how to connect an on-chip debug emulator (QB-MINI2), see CHAPTER 28 ON-CHIP
DEBUG FUNCTION (4PD78F05xxD and 78F05xxDA ONLY).

2.2.10 P130 (port 13)
P130 functions as an output-only port.

78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P130 - e \/

Note This is not mounted onto 38-pin and 44-pin products of the 78K0/KC2.
Remarks 1. 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 5.2.10 Port 13).
2. +: Mounted, —: Not mounted
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2.2.11 P140 to P145 (port 14)

P140 to P145 function as an I/O port. These pins also function as external interrupt request input, clock output, buzzer

output, serial interface data I/O, clock I/O, busy input, and strobe output pins.

78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P140/PCL/INTP6 - et S v v
P141/BUZ/BUSY0/ - - - P141/BUZ/INTP7""? N
INTP7
P142/SCKAQ - - - - v
P143/SIA0 - - - - N
P144/SOA0 - - - - v
P145/STBO - - — _ N

Notes 1. This is not mounted onto 38-pin and 44-pin products of the 78K0/KC2.

2. The 78K0/KE2 products are not provided with the BUSYO input function.

Remark +: Mounted, —;: Not mounted
The following operation modes can be specified in 1-bit units.

(1) Port mode

P140 to P145 function as an I/O port. P140 to P145 can be set to input or output port in 1-bit units using port mode

register 14 (PM14). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 14 (PU14).

(2) Control mode

P140 to P145 function as external interrupt request input, clock output, buzzer output, serial interface data I/O, clock

I/0, busy input, and strobe output pins.

(a) INTP6, INTP7

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

rising and falling edges) can be specified.

(b) PCL
This is a clock output pin.

(c) BUZ
This is a buzzer output pin.

(d) BUSYO
This is a serial interface CSIAQ busy input pin.
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(e) SIAO
This is a serial interface CSIAO serial data input pin.

(f) SOA0
This is a serial interface CSIAO serial data output pin.

(g) SCKAO
This is a serial interface CSIAO serial clock 1/O pin.

(h) STBO
This is a serial interface CSIAO strobe output pin.

2.2.12 AVReF, AVss, Vob, EVop, Vss, EVss

78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
AVRer v v \
AVss R v \
Voo v v \/
EVop e - v
Vss v N \
EVss o - v

Note This is not mounted onto 30-pin products of the 78K0/KB2.
Remark +: Mounted, —: Not mounted

(@) AVRer

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

When the A/D converter is not used, connect this pin directly to EVop or Vop"™.

Note Make the AVRer pin the same potential as the Vop pin when port 2 is used as a digital port.

(b) AVss

This is the A/D converter ground potential pin. Even when the A/D converter is not used, always use this pin with
the same potential as the Vss pin.
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(c) Voo and EVop
Vob is the positive power supply pin for P121 to P124 and other than ports".
EVop is the positive power supply pin for ports other than P20 to P27 and P121 to P124.
Always make EVop the same potential as Vob.

Note With products that are not mounted with an EVop pin, use Vbb as a positive power supply pin other than
P20 to P27.

(d) Vss and EVss
Vss is the ground potential pin for P121 to P124 and other than ports.
EVss is the ground potential pin for ports other than P20 to P27 and P121 to P124.
Always make EVss the same potential as Vss.

Note With products that are not mounted with an EVss pin, use Vss as a ground potential pin other than P20 to
P27.

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

2.2.14 REGC
This is the pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect this pin
to Vss via a capacitor (0.47 to 1 uF).

: f REGC
1
1
1
1
1
1
!

H;""' Vss

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

2.2.15 FLMDO
This is a pin for setting flash memory programming mode.
Connect FLMDO to EVss or Vss in the normal operation mode.
In flash memory programming mode, connect this pin to the flash memory programmer.
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 2-3 shows the types of pin I/O circuits and the recommended connections of unused pins.
See Figure 2-1 for the configuration of the I/O circuit of each type.

Remark The pins mounted depend on the product.

Function List.

Table 2-3. Pin I/O Circuit Types (1/3)

See 1.5 Ordering Information (Top View) and 2.1 Pin

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
PO0/TI000 5-AQ 1/0 Input:  Independently connect to EVop or EVss via a resistor.
P0O1/TI010/TO00 Output: Leave open.

P02/SO11 5-AG
P03/SI11 Note 1
P04/SCK11

P05/TI001/SSI11

P06/T1011/TO01

P10/SCK10/TxDO 5-AQ
P11/S110/RxD0

P12/SO10 5-AG
P13/TxD6

P14/RxD6 5-AQ
P15/TOHO 5-AG
P16/TOH1/INTP5 5-AQ
P17/T150/TO50

ANIO/P20 to ANI7/P27""** | 11-G < Digital input setting and analog input setting>

Leave open.

Independently connect to AVrer or AVss via a resistor.
<Digital output setting>

Notes 1. “5-AG” type: 78K0/KE2 whose flash memory is less than 32 KB and 78K0/KD2
“5-AQ” type: 78K0/KE2 whose flash memory is at least 48 KB and 78K0/KF2

(Products other than the above are not mounted with P03 to P06.)

2. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Table 2-3. Pin I/O Circuit Types (2/3)

Pin Name I/O Circuit Type I/0 Recommended Connection of Unused Pins
P30/INTP1 5-AQ 1/0 Input: Independently connect to EVop or EVss via a resistor.
P31/INTP2/OCD1AM"" Output: Leave open.

P32/INTP3/0CD1B

P33/TI51/TO51/INTP4

P40 to P47 5-AG

P50 to P57

P60/SCLO 13-Al Input:  Independently connect to EVoo or EVss via a resistor, or

P61/SDAO connect directly to EVss.

P62/EXSCLO Output: Leave this pin open at low-level output after clearing
the output latch of the port to 0.

P63 13-P

P64 to P67 5-AG Input:  Independently connect to EVop or EVss via a resistor.

P70/KRO to P77/KR7 5-AQ Output: Leave open.

P120/INTPO/EXLVI

P121/X1/OCDOA""*"? 37 Input:  Independently connect to Voo or Vss via a resistor.

P122/X2/EXCLK/ Output: Leave open.

oCcDoB"***

P123/XT1""?

P124/XT2/EXCLKS""*?

P130 3-C Qutput | Leave open.

Notes 1. Process the P31/INTP2/OCD1A and P121/X1/OCDOA pins of the products mounted with the on-chip debug
function (xPD78F05xxD and 78F05xxDA) as follows, when it is not used when it is connected to a flash

memory programmer or an on-chip debug emulator.

P31/INTP2/OCD1A

P121/X1/OCDOA

Flash memory programmer connection

On-chip debug
emulator
connection (when
it is not used as an
on-chip debug
mode setting pin)

During reset

Connect to EVss via a
resistor.

Connect to Vss via a
resistor.

During reset
released

Input:  Connect to EVop or
EVss via a resistor.
Output: Leave open.

Input:  Connect to Voo or
Vss via a resistor.
Output: Leave open.

2. Use recommended connection above in 1/O port mode (see Figure 6-3 and Figure 6-4 Format of Clock
Operation Mode Select Register (OSCCTL)) when these pins are not used.

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Table 2-3. Pin I/O Circuit Types (3/3)

Pin Name I/O Circuit Type I/0 Recommended Connection of Unused Pins
P140/PCL/INTP6 5-AQ I/0 Input:  Independently connect to EVoo or EVss via a resistor.
P141/BUZ/BUSYO/INTP7 Output: - Leave open.

P142/SCKAQ
P143/SIA0
P144/SOA0 5-AG
P145/STBO
AVRer - - <When one or more of P20 to P27 are set as a digital port>
Make this pin the same potential as EVoo and Voo.
<When all of P20 to 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 the EVss and Vss.
FLMDO 38-A - Connect to EVss or Vss"™*.
RESET 2 Input Connect directly to EVoo or via a resistor.
REGC - - Connect to Vss via capacitor (0.47 to 1 uF).

Note FLMDO is a pin that is used to write data to the flash memory. To rewrite the data of the flash memory on-board,

connect this pin to EVss or Vss via a resistor (10 kQ: recommended). The same applies when executing on-chip
debugging with a product with an on-chip debug function (+/PD78F05xxD and 78F05xxDA).

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Figure 2-1. Pin I/O Circuit List (1/2)

Type 2 Type 5-AG
EVDD
Pull-up
enable {>O I P-ch
EVDD
IN
Data 41:D>_| P-ch
IN/OUT
Schmitt-triggered input with hysteresis characteristics SUtF;)llﬂ N-ch
Isable
EVss
Input
enable
Type 3-C Type 5-AQ
EVDD
pullup
T EVoD enable {>O | P-ch
| P-ch EVDbD
Data —D@—o e oouT data 4»:DO_| boch
IN/OUT
—| -t— N-ch
output N-ch
disable
EVss
EVss
input
enable

Remark

With products not provided with an EVob or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Figure 2-1. Pin I/O Circuit List (2/2)

Type 11-G Type 37

AVrer
X2

Data — 4 p-ch XT2]

»—O INOUT
Output el N
disable N-ch

Input ~| ~— |»
AVss enable > -
P-ch &
=y

Comparator

X1,
XT1

T N-ch
Series resistor string voltage

ss Output Z{
A dilsja‘:)llje >_’EDO—< N-ch
D R meE
Input enable Vss
Input
Type 13-P Type 38-A

Data »——O IN/OUT
- O IN
Output X >—| N-ch
disable

EVss
C( input
Input enable

enable

Type 13-Al

data »———CO IN/OUT
output ) ><>—| N-ch
disable
EVss

input

enable

Remark With products not provided with an EVop or EVss pin, replace EVpp with Vop, or replace EVss with Vss.
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3.1 Memory Space

CHAPTER 3 CPU ARCHITECTURE

Products in the 78K0/Kx2 microcontrollers can access a 64 KB memory space. Figures 3-1 to 3-11 show the memory

maps.

Cautions 1. Regardless of the internal memory capacity, the initial values of the internal memory size
switching register (IMS) and internal expansion RAM size switching register (IXS) of all products

in the 78K0/Kx2 microcontrollers are fixed (IMS = CFH, IXS = OCH).
corresponding to each product as indicated below.

Therefore, set the value

2. To set the memory size, set IMS and then IXS. Set the memory size so that the internal ROM and

internal expansion RAM areas do not overlap.

Table 3-1. Set Values of Internal Memory Size Switching Register (IMS)
(78K0/KB2, and 38-pin products and 44-pin products of the 78K0/KC2)

78K0/KB2 38-pin products and IMS ROM Capacity Internal High-Speed
44-pin products of RAM Capacity
the 78K0/KC2
1PD78F0500, - 42H 8 KB 512 bytes
78F0500A
uPD78F0501, 4PD78F0511, 04H 16 KB 768 bytes
78F0501A 78F0511A
uPD78F0502, uPD78F0512, C6H 24 KB 1 KB
78F0502A 78F0512A
1PD78F0508, 4PD78F0513, C8H 32 KB 1 KB
78F0503A, 78F0513A,
78F0503D"", 78F0513D"™",
78F0503DA"" 78F0513DA™"

Note The ROM and RAM capacities of the products with the on-chip debug function can be
debugged by setting IMS, according to the debug target products. Set IMS according to the
debug target products.
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Table 3-2. Set Values of Internal Memory Size Switching Register (IMS) and Internal Expansion RAM Size
Switching Register (IXS) (48-pin products of the 78K0/KC2, 78K0/KD2, 78K0/KE2, and 78K0/KF2)

48-pin 78K0/KD2 78K0/KE2 78K0/KF2 IMS IXS ROM Internal Internal
products Capacity High- Expansion
of the Speed RAM
78K0/KC2 RAM Capacity
Capacity

uPD78F0511, 1uPD78F0521, 1PD78F0531, - 04H |OCH |16KB 768 bytes -

78F0511A 78F0521A 78F0531A

uPD78F0512, 1uPD78F0522, 1PD78F0532, - CéH |OCH |24KB 1 KB -

78F0512A 78F0522A 78F0532A

uPD78F0513, 1PD78F0523, 1PD78F0533, - C8H |OCH |32KB 1 KB -

78F0513A 78F0523A 78F0533A

uPD78F0514, 1PD78F0524, 1PD78F0534, 1PD78F0544, CCH |OAH |48KB 1 KB 1 KB

78F0514A 78F0524A 78F0534A 78F0544A

uPD78F0515, 1uPD78F0525, 1PD78F0535, 1PD78F0545, CFH |08H |60KB 2KB

78F0515A, 78F0525A 78F0535A 78F0545A

78F0515D"",

78F0515DA"™"

- 1PD78F0526, 1PD78F0536, uPD78F05486, CCH |04H |96 KB"™™? 4 KB
78F0526A 78F0536A 78F0546A Note
- 1PD78F0527, 1PD78F0537, 1PD78F0547, CCH | OOH 128 KB"*°? 6 KB
78F0527A, 78F0537A, 78F0547A, Note 2
78F0527D"", | 78F0537D""", | 78F0547D""",
78F0527DAY™" | 78F0537DA™™" | 78F0547DA"""
Notes 1. The ROM and RAM capacities of the products with the on-chip debug function can be debugged according

to the debug target products. Set IMS and IXS according to the debug target products.
2. The uPD78F05x6 and 78F05x6A (x = 2 to 4) have internal ROMs of 96 KB, and the xPD78F05x7,
78F05x7A, 78F05x7D and 78F05x7DA (x = 2 to 4) have those of 128 KB. However, the set value of IMS of
these devices is the same as those of the 48 KB product because memory banks are used. For how to set
the memory banks, see 4.3 Memory Bank Select Register (BANK).
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Figure 3-1. Memory Map (©zPD78F0500 and 78F0500A)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
512 x 8 bits

FDOOH

FCFFH

Data memory
space
o Reserved 3

2000H

1FFFH

Program - Flash memory —
memory space 8192 x 8 bits

0000H

Boot cluster 1

1FFFH
-~ Program area
1085H
1084H Option byte areaNote 1
1080H 5 x 8 bits
107FH
Program area
1000H
OFFFH
- CALLF entry area
2048 x 8 bits
0800H
07FFH
A Program area
T 1915 x 8 bits
0085H
0084H Option byte areaNote 1
0080H 5 x 8 bits
007FH
CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits
0000H

Boot cluster QNote 2

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used:

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

2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).
Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers, see
Table 3-3 Correspondence Between Address Values and Block Numbers in Flash Memory.

TFFFH Block 07H
1CO00H
1BFFH
07FFH
Block 01H
0400H
03FFH
Block O0H 1 KB
0000H
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Figure 3-2. Memory Map (xPD78F0501, 78F0501A, 78F0511, 78F0511A, 78F0521, 78F0521A, 78F0531,

and 78F0531A)
FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits 3FFFH
FEDFH
o o o~ Program area -
Internal high-speed RAM 1085H 1FFFH
768 x 8 bits 1084H Option byte areaNote 1
1080H 5 x 8 bits
FCOOH 107FH Boot cluster 1
FBFFH
Program area
Data memory 1000H
space OFFFH
-~ CALLF entry area -~
2048 x 8 bits
~ Reserved ~ 0800H
07FFH
A Program area n
T 1915 x 8 bits T
0085H
0084H Option byte areaNote 1 Boot cluster ONote 2
0080H 5 x 8 bits
007FH
4000H CALLT table area
3FFFH 64 x 8 bits
0040H
003FH
Program L Flash memory L
memory space 16384 x 8 bits Vector table area
64 x 8 bits
0000H 0000H

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).

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

SFFFH Block OFH
3C00H
3BFFH
07FFH
Block 01H
0400H
03FFH
Block 00H 1KB
0000H
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Figure 3-3. Memory Map (4PD78F0502, 78F0502A, 78F0512, 78F0512A, 78F0522, 78F0522A, 78F0532,
and 78F0532A)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits 5FFFH
FEDFH
0= = ~ Program area st -
Internal high-speed RAM 1085H 1FFFH
1024 x 8 bits
1084H Option byte areaNote 1
1080H 5 x 8 bits
FBOOH 107FH Boot cluster 1
FAFFH
Program area
Data memory 1000H
space OFFFH
o CALLF entry area o
2048 x 8 bits
L - 0800H
-~ R d -
eserve O07FFH
1 Program area L
T 1915 x 8 bits T
0085H
0084H Option byte areaNete 1 Boot cluster oNote 2
0080H 5 x 8 bits
007FH
6000H CALLT table area
5FFFH 64 x 8 bits
0040H
003FH
Program L Flash memory L
memory space B 24576 x 8 bits B Vector table area
64 x 8 bits
0000H 0000H

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).

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

5FFFH

5C00H
5BFFH

Block 17H

Block 01H

Block 00H 1KB
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Figure 3-4. Memory Map (xPD78F0503, 78F0503A, 78F0513, 78F0513A, 78F0523, 78F0523A, 78F0533

and 78F0533A)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits 7FFEH
FEDFH
P Pt - P [ ——
rogram area - TFFFH
Internal high-speed RAM 1824?:
1024 x 8 bits Option byte areaN°te 1
1080H 5 x 8 bits
FBOOH 107FH Boot cluster 1
FAFFH
Program area
Data memory 1000H
space OFFFH J
=0 CALLF entry area Pt
2048 x 8 bits
A Reserved A 0800H
T T 07FFH
A Program area gy
T 1915 x 8 bits T
0085H
0084H Option byte areaN°te ! Boot cluster QNote 2
0080H 5 x 8 bits
007FH
?.?SE: CALLT table area
0040H 64 x 8 bits
003FH
Program L Flash memory L
memory space i 32768 x 8 bits i Vector table area
64 x 8 bits
0000H 0000H :

Notes 1.

Remark

When boot swap is not used: Set the option bytes to 0080H to 0084H.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.
Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).

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

TFFFH Block 1FH
7C00H
7BFFH
07FFH
Block 01H
0400H
03FFH
Block O0H 1 KB
0000
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Figure 3-5. Memory Map (xPD78F0503D, 78F0503DA, 78F0513D, and 78F0513DA)

FFFFH
Special function registers 7FFFH
(SFR)
256 x 8 bits L P n
FFOOH Pt rogram area -~
1FFFH
FEFFH General-purpose 108FH
i 108EH
gg%lsft}egis 08 On-chip debug security
FEEOH ! ID setting areaNote 1
FEDFH 10 x 8 bits
= 1085H Boot cluster 1
1084H Option byte areaNote !
Internal high-speed RAM 1080H 5 x 8 bits
1024 x 8 bits 107FH
Program area
FB00H oFPH
FAFFH
L CALLF entry area -+
Data memory 2048 x 8 bits
space 0800H
07FFH
1 Program area 1
| Reserved 1905 x 8 bits
i 008FH
008EH On-chip debug security Note 2
ID setting areaNote 1 Boot cluster 0
0085H 10 x 8 bits
0084H Option byte areaNote 1
0080H 5 x 8 bits
007FH
8000H CALLT table area
7FFFH 64 x 8 bits
0040H
Program | Flash memory 003FH
memory space B 32768 x 8 bits Vector table area
64 x 8 bits
0000H 0000H

Notes 1.

When boot swap is used:

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

to 0085H to O08EH.

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

debug security IDs to 0085H to 008EH and 1085H to 108EH.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).

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

TRFFH Block 1FH
7C00H
7BFFH
07FFH
Block 01H
0400H
03FFH
Block O0H 1KB
0000H
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Figure 3-6. Memory Map (uPD78F0514, 78F0514A, 78F0524, 78F0524A, 78F0534, 78F0534A, 78F0544, and

T 1FFFHT

Boot cluster 1

Boot cluster ONote 2

78F0544A)
FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits BEFEH
FEDFH
_L Internal high-speed RAM _|_ i Program area
T 1024 x 8 bits T
FBOOH 1085H
FAFFH - Note 1
EA20H Reserved 1084H Option byte area°'®
EA1FH 1080H 5 x 8 bits
107FH
Data memory Buffer_Rﬁ‘b{Ie s
space 32 x 8 bits Program area
FAOOH
FOFFH 1000H
F800H Reserved OFFFH
F7FFH
Program RAM area - CALLF entry area
. 2048 x 8 bits
RAM space in L Internal expansion RAM _|_
which instruction - 1024 x 8 bits T 0800H
can be fetched 07FFH
1 Program area
¢ F400H T 1915 x 8 bits
F3FFH 0085H
ng 1 0084H Option byte areaNete 1
T Reserved T 0080H 5 x 8 bits
007FH
Bcgg g : CALLT table area
64 x 8 bits
0040H
003FH
Program L Flash memory L
memory space T 49152 x 8 bits T Vector table area
64 x 8 bits
0000H 0000H

Notes 1.

When boot swap is used:

When boot swap is not used: Set the option bytes to 0080H to 0084H.
Set the option bytes to 0080H to 0084H and 1080H to 1084H.

2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).
3. The buffer RAM is incorporated only in the 4xPD78F0544 and 78F0544A (78K0/KF2). The area from FAOOH
to FA1FH cannot be used with the 4/PD78F0514, 78F0514A, 78F0524, 78F0524A, 78F0534, and 78F0534A.

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

BFFFH Block 2FH
BCOOH
BBFFH
07FFH
Block 01H
0400H
03FFH
Block O0H 1 KB
0000H
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Figure 3-7. Memory Map (uPD78F0515, 78F0515A, 78F0525, 78F0525A, 78F0535, 78F0535A, 78F0545, and

FFFFH
Special function registers
(SFR)

256 x 8 bits
FFOOH

FEFFH General-purpose

registers
FEEOH 32 x 8 bits
FEDFH
_L Internal high-speed RAM _|_
T 1024 x 8 bits T

FBOOH
FAFFH

FA20H Reserved
FA1FH

Buffer RAM

32 x 8 bitsNete 3

Data memory IESI(:)(F) n

space F800H Reserved
T F7FFH

Program RAM area

RAM space in =
which instruction
can be fetched

FOOOH

Internal expansion RAM  _|
2048 x 8 bits a

EFFFH

memory space

0000H

Program e

Flash memory
61440 x 8 bits

78F0545A)

EFFFH

=0 Program area - ——

1FFFH
1085H
1084H Option byte areaNote 1
1080H 5 x 8 bits
107FH Boot cluster 1
Program area

1000H
0FFFH

L CALLF entry area 4

2048 x 8 bits

0800H
07FFH

1 Program area L

T 1915 x 8 bits T
0085H
0084H Option byte areaN°te 1 Boot cluster oNote 2
0080H 5 x 8 bits
007FH

CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits

0000H Y

Notes 1.

When boot swap is used:

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

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

Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).
The buffer RAM is incorporated only in the xPD78F0545 and 78F0545A (78K0/KF2). The area from FAOOH

to FA1FH cannot be used with the 4PD78F0515, 78F0515A, 78F0525, 78F0525A, 78F0535, and 78F0535A.

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

EFFFH
Block 3BH
ECOOH
EBFFH
07FFH
Block 01H
0400H
03FFH
Block O0H 1 KB
000
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Figure 3-8. Memory Map (4«PD78F0515D and 78F0515DA)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
—L Internal high-speed RAM ~!
1024 x 8 bits
FBOOH
Data memory FAFFH
space
3 Reserved .
F800H
T F7FFH
RAM space in

which instruction =
can be fetched

l FO0OH

Internal expansion RAM
2048 x 8 bits

EFFFH

108FH
108EH

1085H
1084H
1080H
107FH

1000H
0FFFH

0800H
07FFH

008FH
008EH

EFFFH

Program
memory space

0000H

Flash memory
61440 x 8 bits

0085H
0084H

0080H
007FH

0040H
003FH

0000H

I~ Program area

1FFFH

On-chip debug security

ID setting areale!
10 x 8 bits

Boot cluster 1

Option byte areaNote!
5 x 8 bits

Program area

CALLF entry area
I 2048 x 8 bits

| Program area

I 1905 x 8 bits

On-chip debug security

ID setting areaNete?
10 x 8 bits

Boot cluster QNote 2

Option byte areaN°ete!
5 x 8 bits

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security IDs
to 0085H to O08EH.

When boot swap is used:

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

debug security IDs to 0085H to 008EH and 1085H to 108EH.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).

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

EFFFH
Block 3BH
ECOOH
EBFFH
07FFH
Block 01H
0400H
03FFH
Block O0H 1 KB
0000H
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Figure 3-9. Memory Map (:PD78F0526, 78F0526A, 78F0536, 78F0536A, 78F0546, and 78F0546A)

Data memory

space

(

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
_LL Internal high-speed RAM _|_
T 1024 x 8 bits T 7FFFH
FBOOH
FAFFH
FA20H Reserved
FA1FH 1085H
Buffer RAM 1084H
32 x 8 bitgNote 3 1080H
FAOOH 107FH
T:% E E : Reserved
[ F7FFH
Program RAM area 1000H
OFFFH

RAM space in >

Internal expansion RAM

which instruction 4096 x 8 bits T (Memory bank 2)
can be fetched
¥ E800H
E7FFH 0800H
Reserved 07FFH
C000H
T BFFFH
Flash memory 0085H
Bank L 16384 x 8 bits B 0084H
area (memory bank 0) 0080H
8000H 007FH
Program 7FFFH
memory (Memory bank 3)
space c 0040H
ommon L Flash memory 1 003FH
area B 32768 x 8 bits - (Hemerybenkch
0000H 0000H

Program area

Option byte areaNote 1
5 x 8 bits

Program area

T 1FFFHW

Boot cluster 1

CALLF entry area
2048 x 8 bits

Program area
1915 x 8 bits

Option byte areaNote 1
5 x 8 bits

CALLT table area
64 % 8 bits

Vector table area
64 x 8 bits

Boot cluster oNote 2

Notes 1.

When boot swap is used:

When boot swap is not used: Set the option bytes to 0080H to 0084H.
Set the option bytes to 0080H to 0084H and 1080H to 1084H.

2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).
3. The buffer RAM is incorporated only in the xPD78F0546 and 78F0546A (78K0/KF2). The area from FAOOH

to FA1FH cannot be used with the xPD78F0526, 78F0526A, 78F0536, and 78F0536A.

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

(Memory bank 0) (Memory bank 1) (Memory bank 2) (Memory bank 3)
BFFFH
BCOOH Block 2FH Block 3FH Block 4FH Block 5FH
BBFFH
Bank 1 1 L A A j
area 84FFH
83FFH
8000H Block 20H Block 30H Block 40H Block 50H
TFFFH Block 1FH
7C00H
7BFFH
Common - T
area
07FFH
Block 01H
0400H
§ 03FFH
1KB Block 00H
y 0000H
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Figure 3-10. Memory Map (¢PD78F0527, 78F0527A, 78F0537, 78F0537A, 78F0547, and 78F0547A)

Program area

Option byte areaNote 1
5 x 8 bits

T 1FFFHW

Boot cluster 1

Program area

CALLF entry area
2048 x 8 bits

Program area
1915 X 8 bits

Option byte areaNote !
5 x 8 bits

Boot cluster oNote 2

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

Set the option bytes to 0080H to 0084H and 1080H to 1084H.
Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).
The buffer RAM is incorporated only in the xPD78F0547 and 78F0547A (78K0/KF2). The area from FAOOH

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEQOH 32 x 8 bits
FEDFH
L Internal high-speed RAM _|_
T 1024 x 8 bits T 7FFFH
FBOOH
FAFFH .
FA20H Reserved
FA1FH 1085H
Data memory Buffer RAM 1084H
space 32 x 8 bitgNote 3 1080H
FAOOH 107FH
E% E E ||:|| Reserved
* F7FFH (Memory bank 4)
Program RAM area 1000H
) ) (Memory bank 2) 0FFFH
RAM space in . Internal expansion RAM  _|
which instruction | T 6144 x 8 bits a |
can be fetched ~
¥ E000H
DFFFH 0800H
Reserved 07FFH
CO00H .
T BFFFH
Flash memory 0085H
Bank L 16384 x 8 bits A 0084H
area B (memory bank 0) T.r 0080H
8000H 007FH
ngram TFFFH (Memory bank 5)
memory
space (Memory bank 3) 0040H
Common | Flash memory L 003FH
area 7 32768 x 8 bits Y Memory bank 1)
0000H 0000H
Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.
When boot swap is used:
2.
3.
to FA1FH cannot be used with the ¢PD78F0527, 78F0527A, 78F0537 and 78F0537A.
Remark

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

The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers, see

(Memory bank 0) (Memory bank 1) (Memory bank 2) (Memory bank 5)
BFFFH o -r——————— 71
BGCOOH Block 2FH Block 3FH Block 4FH Block 7FH
BBFFH L
Bank 1 1 L A L A | i
area 84FFH ]
83FFH
8000H Block 20H Block 30H Block 40H Block 70H
7fFFHT -
Block 1FH
7C00H
7BFFH
Common T T
area
07FFH
0400H Block 01H
1:3 03FFH Block 00H
y 0000H
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Figure 3-11. Memory Map (¢PD78F0527D, 78F0527DA, 78F0537D, 78F0537DA, 78F0547D, and 78F0547DA)

Data

FFFFH

FFOOH
FEFFH

FEEOH
FEDFH

FBOOH
FAFFH

FA20H

Special function registers

(SFR)
256 x 8 bits

General-purpose
registers
32 x 8 bits

Internal high-speed RAM

1024 x 8 bits

Reserved

FA1FH
memory

space

FAQOH

Buffer RAM
32 x 8 bitsNote 3

FOFFH
FB0OH

Reserved

T FIFFH
Program RAM area
<RAM space in >

Internal expansion RAM

(Memory bank 4)

(Memory bank 2)

(Memory bank 5)

(Memory bank 3)

which instruction 6144 x 8 bits
can be fetched
¥ E000H
DFFFH
Reserved
C000H
T BFFFH
Flash memory
Bank L 16384 x 8 bits -
area (memory bank 0) W ~
8000H
Program TFFFH
memory
space
Common | Flash memory L
area T 32768 x 8 bits [ (Memory bank 1)
0000H

1FFFH

Boot cluster 1

Boot cluster oNote 2

7FFFH
- Program area -
108FH
108EH
On-chip debug security
ID setting areaNote 1
1085H 10 x 8 bits
1084H Option byte areaNote 1
1080H 5 x 8 bits
107FH
Program area
1000H
0FFFH
et CALLF entry area L
2048 x 8 bits
0800H
07FFH
- Program area —
1905 X 8 bits
008FH
008EH
On-chip debug security
ID setting areaN°te 1
0085H 10 x 8 bits
0084H Option byte areaNete 1
0080H 5 X 8 bits
007FH
CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits
0000H

Notes

1.

When boot swap is used:

to 0085H to O08EH.

debug security IDs to 0085H to 008EH and 1085H to 108EH.

2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8 Security Settings).

3. The buffer RAM is incorporated only in the xPD78F0547D and 78F0547DA (78KO0/KF2). The area from
FAQOOH to FA1FH cannot be used with the 4/PD78F0527D, 78F0527DA, 78F0537D and 78F0537DA.

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

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

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

(Memory bank 0) (Memory bank 1) (Memory bank 2) (Memory bank 5)
BFFFH o - 71
BCOOH Block 2FH Block 3FH Block 4FH Block 7FH
BBFFH
Bank AL A1 L A1 A A A
area 84FFH T -
83FFH
8000H Block 20H Block 30H Block 40H Block 70H
7FFFPH
Block 1FH
7C00H
7BFFH
Common - T
area
07FFH
0400H Block 01H
:B 03FFH Block 00H
¥ 0000H
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Correspondence between the address values and block numbers in the flash memory are shown below.
Table 3-3. Correspondence Between Address Values and Block Numbers in Flash Memory (1/2)

(1) Products whose flash memory is less than 60 KB (without memory bank)

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
0000H to 03FFH 00H 4000H to 43FFH 10H 8000H to 83FFH 20H CO00H to C3FFH | 30H
0400H to 07FFH 01H 4400H to 47FFH 11H 8400H to 87FFH 21H C400H to C7FFH | 31H
0800H to OBFFH 02H 4800H to 4BFFH 12H 8800H to 8BFFH | 22H C800H to CBFFH | 32H
0COOH to OFFFH 03H 4COO0H to 4FFFH 13H 8COOH to 8FFFH | 23H CCOOH to CFFFH | 33H
1000H to 13FFH 04H 5000H to 53FFH 14H 9000H to 93FFH 24H DOOOH to D3FFH | 34H
1400H to 17FFH 05H 5400H to 57FFH 15H 9400H to 97FFH 25H D400H to D7FFH | 35H
1800H to 1BFFH 06H 5800H to 5BFFH 16H 9800H to 9BFFH | 26H D800H to DBFFH | 36H
1COO0H to 1FFFH 07H 5CO0H to 5FFFH 17H 9CO0H to 9FFFH | 27H DCOOH to DFFFH | 37H
2000H to 23FFH 08H 6000H to 63FFH 18H AOOOH to ASFFH | 28H EOOOH to E3FFH | 38H
2400H to 27FFH 09H 6400H to 67FFH 19H A400H to A7FFH | 29H E400H to E7FFH 39H
2800H to 2BFFH 0AH 6800H to 6BFFH 1AH A800H to ABFFH | 2AH E800H to EBFFH | 3AH
2CO00H to 2FFFH 0BH 6CO0H to 6FFFH 1BH ACOOH to AFFFH | 2BH ECOOH to EFFFH | 3BH
3000H to 33FFH 0CH 7000H to 73FFH 1CH BOOOH to B3FFH | 2CH
3400H to 37FFH ODH 7400H to 77FFH 1DH B400H to B7FFH | 2DH
3800H to 3BFFH OEH 7800H to 7BFFH 1EH B800H to BBFFH | 2EH
3CO00H to 3FFFH OFH 7CO0H to 7FFFH 1FH BCOOH to BFFFH | 2FH
Remark #PD78F0500, 78F0500A: Block humbers 00H to 07H
uPD78F05x1, 78F05x1A (x = 0 to 3): Block numbers 00H to OFH
uPD78F05x2, 78F05x2A (x = 0 to 3): Block numbers 00H to 17H
uPD78F05x3, 78F05x3A (x = 0 to 3),
78F0503D, 78F0503DA, 78F0513D, 78F0513DA: Block numbers 00H to 1FH
uPD78F05x4, 78F05x4A (x = 1 to 4): Block numbers 00H to 2FH

uPD78F05x5, 78F05x5A (x = 1 to 4), 78F0515D, 78F0515DA: Block numbers 00H to 3BH
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Table 3-3. Correspondence Between Address Values and Block Numbers in Flash Memory (2/2)

(2) Products whose flash memory is at least 96 KB (with memory bank)

Address Value Block Address Value x Block Address Value < Block Address Value < Block
Number & |Number & |Number & |Number

> 2 >

o o o

€ 1S IS

(0] [0 (0]

= = =
0000H to O3FFH | OOH 8000H to 83FFH [0 |20H 8000H to 83FFH |2 |40H 8000H to 83FFH |4 |60H
0400H to O7FFH | O01H 8400H to 87FFH 21H 8400H to 87FFH 41H 8400H to 87FFH 61H
0800H to OBFFH | 02H 8800H to 8BFFH 22H 8800H to 8BFFH 42H 8800H to 8BFFH 62H
0COOH to OFFFH | O3H 8COO0OH to 8FFFH 23H 8CO0H to 8FFFH 43H 8CO0H to 8FFFH 63H
1000H to 13FFH | 04H 9000H to 93FFH 24H 9000H to 93FFH 44H 9000H to 93FFH 64H
1400H to 17FFH | 05H 9400H to 97FFH 25H 9400H to 97FFH 45H 9400H to 97FFH 65H
1800H to 1BFFH | 06H 9800H to 9BFFH 26H 9800H to 9BFFH 46H 9800H to 9BFFH 66H
1COO0H to 1FFFH | 07H 9COO0H to 9FFFH 27H 9CO0H to 9FFFH 47H 9COO0H to 9FFFH 67H
2000H to 23FFH | 08H AOO0OH to ASFFH 28H AOOOH to ASFFH 48H AOOOH to ASFFH 68H
2400H to 27FFH | 09H A400H to A7FFH 29H A400H to A7FFH 49H A400H to A7FFH 69H
2800H to 2BFFH | 0AH A800H to ABFFH 2AH A800H to ABFFH 4AH A800H to ABFFH 6AH
2CO0H to 2FFFH | OBH ACOOH to AFFFH 2BH ACOOH to AFFFH 4BH ACOOH to AFFFH 6BH
3000H to 33FFH | OCH BOOOH to B3FFH 2CH BOOOH to B3FFH 4CH BOOOH to B3FFH 6CH
3400H to 37FFH | ODH B400H to B7FFH 2DH B400H to B7FFH 4DH B400H to B7FFH 6DH
3800H to 3BFFH | OEH B800H to BBFFH 2EH B800OH to BBFFH 4EH B800OH to BBFFH 6EH
3CO0H to 3FFFH | OFH BCOOH to BFFFH 2FH BCOOH to BFFFH 4FH BCOOH to BFFFH 6FH

4000H to 43FFH | 10H 8000H to 83FFH

—_

30H 8000H to 83FFH |3 | 50H 8000H to 83FFH |5 |70H

4400H to 47FFH | 11H 8400H to 87FFH 31H 8400H to 87FFH 51H 8400H to 87FFH 71H
4800H to 4BFFH | 12H 8800H to 8BFFH 32H 8800H to 8BFFH 52H 8800H to 8BFFH 72H
4CO0H to 4FFFH | 13H 8COOH to 8FFFH 33H 8COOH to 8FFFH 53H 8COOH to 8FFFH 73H
5000H to 53FFH | 14H 9000H to 93FFH 34H 9000H to 93FFH 54H 9000H to 93FFH 74H
5400H to 57FFH | 15H 9400H to 97FFH 35H 9400H to 97FFH 55H 9400H to 97FFH 75H
5800H to 5BFFH | 16H 9800H to 9BFFH 36H 9800H to 9BFFH 56H 9800H to 9BFFH 76H
5CO0H to 5FFFH | 17H 9COOH to 9FFFH 37H 9CO0H to 9FFFH 57H 9CO0H to 9FFFH 77H
6000H to 63FFH | 18H AOO0OH to ASFFH 38H AOOOH to A3BFFH 58H AOOOH to A3BFFH 78H
6400H to 67FFH | 19H A400H to A7FFH 39H A400H to A7FFH 59H A400H to A7FFH 79H
6800H to 6BFFH | 1AH A800H to ABFFH 3AH A800H to ABFFH 5AH A800H to ABFFH 7AH
6CO0H to 6FFFH | 1BH ACOOH to AFFFH 3BH ACOOH to AFFFH 5BH ACOOH to AFFFH 7BH
7000H to 73FFH | 1CH BOOOH to B3FFH 3CH BOOOH to B3FFH 5CH BOOOH to B3FFH 7CH
7400H to 77FFH | 1DH B400H to B7FFH 3DH B400H to B7FFH 5DH B400H to B7FFH 7DH
7800H to 7BFFH | 1EH B800OH to BBFFH 3EH B800OH to BBFFH 5EH B800OH to BBFFH 7EH
7CO0H to 7FFFH | 1FH BCOOH to BFFFH 3FH BCOOH to BFFFH 5FH BCOOH to BFFFH 7FH
Remark #PD78F05x6, 78F05x6A (x = 2 to 4): Block numbers 00H to 5FH

uPD78F05x7, 78F05x7A, 78F05x7D, 78F05x7DA (x = 2 to 4): Block numbers 00H to 7FH
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3.1.1 Internal program memory space
The internal program memory space stores the program and table data. Normally, it is addressed with the program

counter (PC).

78K0/Kx2 microcontrollers incorporate internal ROM (flash memory), as shown below.

Table 3-4. Internal ROM Capacity

78KO/KB2 78KO/KC2 78KO/KD2 78KO/KE2 78KO/KF2 Internal ROM
30/36 Pins 38/44 Pins 48 Pins 52 Pins 64 Pins 80 Pins (Flash memory)
LPD78F0500, - - - - - 8192 x 8 bits
PD78F0500A (0000H to 1FFFH)
4PD78F0501, | uPD78F0511, |uPD78F0511, |uPD78F0521, |.PD78F0531, - 16384 8 bits
78F0501A 78F0511A 78F0511A 78F0521A 78F0531A (0000H to 3FFFH)
4PD78F0502, | xPD78F0512, |uPD78F0512, |uPD78F0522, |.PD78F0532, - 24576 x 8 bits
78F0502A 78F0512A 78F0512A 78F0522A 78F0532A (0000H to 5FFFH)
4PD78F0503D, | PD78F0513D, |uPD78F0513, |uPD78F0523, |.PD78F0533, - 32768 x 8 bits
78F0503DA | 78F0513DA | 78F0513A 78F0523A 78F0533A (0000H to 7FFFH)
4PD78F0503, | 1 PD78F0513,
78F0503A 78F0513A
- - 4PD78F0514, | uPD78F0524, | uPD78F0534, | uPD78F0544, 49152 x 8 bits
78F0514A 78F0524A 78F0534A 78F0544A (0000H to BFFFH)
- - (PD78F0515D, | uPD78F0525, | 4PD78F0535, | uPD78F0545, 61440 x 8 bits
78F0515DA | 78F0525A 78F0535A 78F0545A (0000H to EFFFH)
PD78F0515,
78F0515A
- - - (PD78F0526, | uPD78F0536, | uPD78F0546, 98304 x 8 bits
78F0526A 78F0536A 78F0546A (0000H to 7FFFH
(common area: 32 KB)
+ 8000H to BFFFH
(bank area: 16 KB) x 4)
- - - 4PD78F0527D, |uPD78F0537D, |uPD78F0547D, | 131072 x 8 bits
78F0527DA  |78F0537DA  |78F0547DA (0000H to 7FFFH
4PD78F0527, |uPD78F0537, |uPD78F0547, | (commonarea: 32 KB)
78F0527A 78F0537A 78F0547A +8000H to BFFFH
(bank area: 16 KB) x 6)

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

(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as a vector table area. The program start addresses for branch upon
reset or generation of each interrupt request are stored in the vector table area.
Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd addresses.
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Table 3-5. Vector Table

Vector Table Address Interrupt Source KB2 KC2 KD2 KE2 KF2
0000H RESET input, POC, LVI, WDT N N N N N
0004H INTLVI v v v v v
0006H INTPO v v v v N
0008H INTP1 v v v v v
000AH INTP2 v v v ol v
000CH INTP3 N N N N N
000EH INTP4 N N N N N
0010H INTP5 N N N N N
0012H INTSRE6 N N N N N
0014H INTSR6 v v v v N
0016H INTST6 v V V v v
0018H INTCSHO/INTSTO N N N N N
001AH INTTMH1 N N N N N
001CH INTTMHO v v v v v
001EH INTTM50 v v v ol v
0020H INTTMO000 N N N N N
0022H INTTMO10 v v v v N
0024H INTAD N N N N N
0026H INTSRO v v v v v
0028H INTWTI - N N N N
002AH INTTMS51 v v V v v
002CH INTKR - N N N N
002EH INTWT - N N N N
0030H INTP6 - Nete N N N
0032H INTP7 - - - N N
0034H INTIICO/NTDMU ote \rete2 (Nete2 (Note 2 N
0036H INTCSI11 - _ _ otes J
0038H INTTMOO1 - - _ Notes N
003AH INTTMO11 - _ _ otes J
003CH INTACSI - - - - N
003EH BRK v V v v v

Notes 1. 48-pin products only.

2. INTICO:

3. Products whose flash memory is at least 48 KB only.

products whose flash memory is less than 32 KB
INTIIC/INTDMU: products whose flash memory is at least 48 KB

Remark +: Mounted, —: Not mounted
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3.1

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

Option byte area

A 5-byte area of 0080H to 0084H and 1080H to 1084H can be used as an option byte area. Set the option byte at
0080H to 0084H when the boot swap is not used, and at 0080H to 0084H and 1080H to 1084H when the boot swap is
used. For details, see CHAPTER 26 OPTION BYTE.

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

On-chip debug security ID setting area (xPD78F05xxD and 78F05xxDA only)

A 10-byte area of 0085H to 008EH and 1085H to 108EH can be used as an on-chip debug security ID setting area.
Set the on-chip debug security ID of 10 bytes at 0085H to 008EH when the boot swap is not used and at 0085H to
008EH and 1085H to 108EH when the boot swap is used. For details, see CHAPTER 28 ON-CHIP DEBUG
FUNCTION (14PD78F05xxD and 78F05xxDA ONLY).

.2 Memory bank (products whose flash memory is at least 96 KB only)
The 16 KB area 8000H to BFFFH is assigned to memory banks 0 to 3 in the #zPD78F05x6 and 78F05x6A (x = 2 to 4),

and assigned to memory banks 0 to 5 in the 4PD78F05x7, 78F05x7A, 78F05x7D and 78F05x7DA (x = 2 to 4).

The banks are selected by using a memory bank select register (BANK). For details, see CHAPTER 4 MEMORY

BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY).

Cautions 1. Instructions cannot be fetched between different memory banks.
2. Branch and access cannot be directly executed between different memory banks. Execute
branch or access between different memory banks via the common area.
3. Allocate interrupt servicing in the common area.
4. An instruction that extends from 7FFFH to 8000H can only be executed in memory bank 0.
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3.1.3 Internal data memory space

78K0/Kx2 microcontrollers incorporate the following RAMSs.

(1) Internal high-speed RAM
The 32-byte area FEEOH to FEFFH is assigned to four general-purpose register banks consisting of eight 8-bit
registers per bank.
This area cannot be used as a program area in which instructions are written and executed.

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

Table 3-6. Internal High-Speed RAM Capacity

78K0/KB2 78KO/KC2 78K0/KD2 78KO/KE2 78KO/KF2 Internal High-Speed
30/36 Pins 38/44 Pins 48 Pins 52 Pins 64 Pins 80 Pins RAM
1PD78F0500, - - - - - 512 x 8 bits
PD78F0500A (FDOOH to FEFFH)
4PD78F0501, | 4PD78F0511, |uPD78F0511, |.PD78F0521, | .PD78F0531, - 768 x 8 bits
78F0501A 78F0511A 78F0511A 78F0521A 78F0531A (FCOOH to FEFFH)
4PD78F0502, | 4PD78F0512, |uPD78F0512, |uPD78F0522, |.PD78F0532, - 1024 x 8 bits
78F0502A 78F0512A 78F0512A 78F0522A 78F0532A (FBOOH to FEFFH)
LPD78F0503D, | 4PD78F0513D, | 4PD78F0513, | uPD78F0523, | .PD78F0533, -
78F0503DA 78F0513DA | 78F0513A 78F0523A 78F0533A
4PD78F0503, | PD78F0513,
78F0503A 78F0513A
- - (PD78F0514, | 4PD78F0524, | 4PD78F0534, | PD78F0544,
78F0514A 78F0524A 78F0534A 78F0544A
- - 4PD78F0515D, | 4PD78F0525, | 4PD78F0535, | 4PD78F0545,
78F0515DA | 78F0525A 78F0535A 78F0545A
LPD78F0515,
78F0515A
- - - LPD78F0526, | 4PD78F0536, | uPD78F0546,
78F0526A 78F0536A 78F0546A
- - - LPD78F0527D, | uPD78F0537D, | 4PD78F0547D,
78F0527DA 78F0537DA | 78F0547DA
(PD78F0527, | 4PD78F0537, | uPD78F0547,
78F0527A 78F0537A 78F0547A
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(2) Internal expansion RAM

The internal expansion RAM can also be used as a normal data area similar to the internal high-speed RAM, as well

as a program area in which instructions can be written and executed.

The internal expansion RAM cannot be used as a stack memory.

Table 3-7. Internal Expansion RAM Capacity

78K0/KB2 78KO/KC2 78K0/KD2 78KO/KE2 78KO/KF2 Internal Expansion
30/36 Pins 38/44 Pins 48 Pins 52 Pins 64 Pins 80 Pins RAM
4PD78F0500, - - - - - -
PD78F0500A
LPD78F0501, | uPD78F0511, |uPD78F0511, |uPD78F0521, |uPD78F0531, -
78F0501A 78F0511A 78F0511A 78F0521A 78F0531A
4PD78F0502, | 4PD78F0512, | uPD78F0512, |uPD78F0522, |.PD78F0532, -
78F0502A 78F0512A 78F0512A 78F0522A 78F0532A
4PD78F0503D, | uPD78F0513D, | uPD78F0513, | uPD78F0523, | .PD78F0533, -
78F0503DA 78F0513DA 78F0513A 78F0523A 78F0533A
4PD78F0503, | 1 PD78F0513,
78F0503A 78F0513A
- - 4PD78F0514, | uPD78F0524, | uPD78F0534, | uPD78F0544, 1024 x 8 bits
78F0514A 78F0524A 78F0534A 78F0544A (F400H to F7FFH)
- - (PD78F0515D, | uPD78F0525, | 4PD78F0535, | xPD78F0545, 2048 x 8 bits
78F0515DA 78F0525A 78F0535A 78F0545A (FOOOH to F7FFH)
LPD78F0515,
78F0515A
- - - 4PD78F0526, | uPD78F0536, | uPD78F0546, 4096 x 8 bits
78F0526A 78F0536A 78F0546A (E800H to F7FFH)
- - - 4PD78F0527D, | uPD78F0537D, | uPD78F0547D, | 6144 x 8 bits
78F0527DA 78F0537DA | 78F0547DA (E00OH to F7FFH)
4PD78F0527, | uPD78F0537, | uPD78F0547,
78F0527A 78F0537A 78F0547A

(3) Buffer RAM (78K0/KF2 only)

The 78K0/KF2 products incorporate 32 bytes (FAOOH to FA1FH) of buffer RAM. The buffer RAM can be used for
transfer in CSI with automatic transmit/receive function.
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3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (see Table 3-
8 Special Function Register List in 3.2.3 Special function registers (SFRs)).

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

3.1.5 Data memory addressing

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

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
78K0/Kx2 microcontrollers, based on operability and other considerations. For areas containing data memory in particular,
special addressing methods designed for the functions of special function registers (SFR) and general-purpose registers
are available for use. Figures 3-12 to 3-19 show correspondence between data memory and addressing. For details of
each addressing mode, see 3.4 Operand Address Addressing.
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Figure 3-12. Correspondence Between Data Memory and Addressing (4PD78F0500 and 78F0500A)

FFFFH
Special function registers SFR addressing
(SFR)
FF20H 256 x 8 bits
[/ == = N N K N T
FFOOH
FEFFH *
General-purpose 1 _
registers Register addressing .
FEEOH 32 x 8 bits | Short direct
FEDFH - addressing
T Internal high-speed RAM
FE20H 512 x 8 bits
FEAFH |~~~ "~~~ T
FDOOH
FCFFH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
0~ Reserved
2000H
1FFFH
A Flash memory
T 8192 x 8 bits
0000H
RO1UHO008EJ0401 Rev.4.01 117
Jul 15, 2010 RENESAS



CHAPTER 3 CPU ARCHITECTURE

78K0/Kx2
Figure 3-13. Correspondence Between Data Memory and Addressing
(4PD78F0501, 78F0501A, 78F0511, 78F0511A, 78F0521, 78F0521A, 78F0531, and 78F0531A)
FFFFH b
Special fupscéig? registers SFR addressing
256 x 8 bits
FR2O0H | e
FF1FH
FFOOH
FEFFH General-purpose f
registers Register addressing
FEEOH 32 x 8 bits { Short direct
FEDFH addressing
A Internal high-speed RAM A
T 768 x 8 bits T
FE2OH | .|
FE1FH
FCOOH . .
FBFFH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
T Reserved T
4000H
3FFFH
Flash memory
- 16384 x 8 bits -+
0000H
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

6000H
5FFFH

0000H

Figure 3-14. Correspondence Between Data Memory and Addressing
(4PD78F0502, 78F0502A, 78F0512, 78F0512A, 78F0522, 78F0522A, 78F0532, and 78F0532A)

Flash memory
— 24576 x 8 bits 2

Short direct
addressing

Special function registers T )
(SFR) SFR addressing
256 x 8 bits
General-purpose + )
registers Register addressing
32 x 8 bits Y
A Internal high-speed RAM A
B 1024 x 8 bits T
- Reserved T

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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Figure 3-15. Correspondence Between Data Memory and Addressing
(uPD78F0503, 78F0503A, 78F0513, 78F0513A, 78F0523, 78F0523A, 78F0533, 78F0533A,
78F0503D, 78F0503DA, 78F0513D, and 78F0513DA)
FFFFH
Special function registers (SFR) SFR addressing
256 x 8 bits
FF2OH|
FF1FH
FFOOH
FEFFH . A
General-purpose registers Register addressing
FEEOH 32 x 8 bits | Short direct
FEDFH addressing
- Internal high-speed RAM
1024 x 8 bits
FE2OH| _ ]
FE1FH
FBOOH Direct addressing
FAFFH
Register indirect addressing
Based addressing
Based indexed addressing
A Reserved
8000H
7FFFH
- Flash memory
32768 x 8 bits
0000H
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Figure 3-16. Correspondence Between Data Memory and Addressing
(uPD78F0514, 78F0514A, 78F0524, 78F0524A, 78F0534, 78F0534A, 78F0544, and 78F0544A)

FFFFH T ]
Special function registers (SFR) SFR addressing
256 x 8 bits
FF2OH}
FF1FH
FFOOH
FEFFH . )
General-purpose registers Register addressing
FEEOH 32 x 8 bits | Short direct
FEDFH addressing
-~ Internal high-speed RAM -
1024 x 8 bits
FE20H}_ ]
FE1FH
FBOOH
HE E H Reserved
FA1FH
Buffer RAM
32 x 8 bitgNete
FAOOH Direct addressing
FOFFH
F800H Reserved Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
- Internal expansion RAM P
1024 x 8 bits
F400H
F3FFH
+~ Reserved ~
C000H
BFFFH
L Flash memory L
B 49152 x 8 bits B
0000H ¥

Note The buffer RAM is incorporated only in the xPD78F0544 and 78F0544A (78K0/KF2). The area from FAOOH to
FA1FH cannot be used with the zPD78F0514, 78F0514A, 78F0524, 78F0524A, 78F0534, and 78F0534A.
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Figure 3-17. Correspondence Between Data Memory and Addressing
(uPD78F0515, 78F0515A, 78F0525, 78F0525A, 78F0535, 78F0535A, 78F0545,
78F0545A, 78F0515D and 78F0515DA)
FFFFH T [
Special function registers (SFR) SFR addressing
256 x 8 bits
FF2OH}
FF1FH
FFOOH
FEFFH _ [
General-purposg registers Register addressing
FEEOH 32 x 8 bits | Short direct
FEDFH addressing
- Internal high-speed RAM -
1024 x 8 bits
FE20H}_ ]
FE1FH
FBOOH
FAFFH
FA20H Reserved
FA1FH
Buffer RAM . .
32 % 8 bitsNote Direct addressing
FAOOH
FOFFH Register indirect addressing
F800H Reserved
F7FFH Based addressing
Based indexed addressing
P Internal expansion RAM =
2048 x 8 bits
FOOOH
EFFFH
L Flash memory L
B 61440 x 8 bits B
0000H ¥

Note The buffer RAM is incorporated only in the 4PD78F0545 and 78F0545A (78K0/KF2). The area from FAOOH to
FA1FH cannot be used with the xPD78F0515, 78F0515A, 78F0525, 78F0525A, 78F0535, 78F0535A,

78F0515D, and 78F0515DA.
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Figure 3-18. Correspondence Between Data Memory and Addressing (4PD78F0526, 78F0526A, 78F0536,

78F0536A, 78F0546, and 78F0546A)

Direct addressing

Register indirect addressing

Based addressing

Based indexed addressing

FFFFH
Special function registers (SFR) SFR addressing
256 x 8 bits
FF2OM(
FF1FH
FFOOH
FEFFH . )
General-purpose registers Register addressing
FEEOH 32 x 8 bits | Short direct
FEDFH - addressing
-~ Internal high-speed RAM -
1024 x 8 bits
FE20H} ]
FE1FH
FBOOH
FAFFH
FA20H Reserved
FA1FH
Buffer RAM
32 x 8 bitgNote !
FAOOH
FOFFH
F800H Reserved
F7FFH
0 Internal expansion RAM =
4096 x 8 bits
16384 x 8 bits
(memory bank 2)Note 2
E8O00H
E7FFH
Reserved
C000H
BFFFH
Flash memory
-+ 16384 x 8 bits ~
(memory bank Q)Nete2
8000H
TFFFH
16384 x 8 bits
A Flash memory L \(memory bank 3Nete2
T 32768 x 8 bits T 1essaxenis
(memory bank 1)Note 2
0000H
Notes 1.

The buffer RAM is incorporated only in the xPD78F0546 and 78F0546A (78K0/KF2). The area from FAOOH
to FA1FH cannot be used with the /PD78F0526, 78F0526A, 78F0536 and 78F0536A.
2. To branch to or address a memory bank that is not set by the memory bank select register (BANK), change

the setting of the memory bank by using BANK.
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

FA20H
FA1FH

FAQOH
FOFFH

FBOOH
F7FFH

E000H
DFFFH

CO00H
BFFFH

8000H
TFFFH

0000H

Notes 1.

Figure 3-19. Correspondence Between Data Memory and Addressing
(4PD78F0527, 78F0527A, 78F0537, 78F0537A, 78F0547, 78F0547A, 78F0527D, 78F0527DA, 78F0537D, 78F0537DA,
78F0547D and 78F0547DA)

Special function registers (SFR) SFR addressing
256 x 8 bits
General-purposg registers Register addressing
32 x 8 bits | Short direct
addressing
- Internal high-speed RAM -
1024 x 8 bits
Reserved
Buffer RAM
32 x 8 bitgNete?!
Reserved
= Internal expansion RAM -0 ( 16384bx Sktit)?' s
. memory ban ote
6144 x 8 bits 16384 x 8 bits
(memory
bank 2)Nule2
Reserved

— 16384 x 8 bits -

Flash memory

(memory bank Q)Nete2

L Flash memory |

32768 x 8 bits

16384 x 8 bits
(memory bank 5)Nete 2
16384 x 8 bits

(memory bank 3)Nete 2

16384 x 8 bits
(memory bank 1)Note2

Direct addressing

Register indirect addressing

Based addressing

Based indexed addressing

The buffer RAM is incorporated only in the xPD78F0547, 78F0547A, 78F0547D and 78F0547DA
(78K0/KF2). The area from FAOOH to FA1FH cannot be used with the xPD78F0527, 78F0527A, 78F0537,
78F0537A, 78F0527D, 78F0527DA, 78F0537D and 78F0537DA.
2. To branch to or address a memory bank that is not set by the memory bank select register (BANK), change
the setting of the memory bank by using BANK.
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3.2 Processor Registers

The 78K0/Kx2 microcontrollers incorporate the following processor registers.

3.2.1 Control registers

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

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

(1)

()

Program counter (PC)

The program counter is a 16-bit register that holds the address information of the next program to be executed.

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

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

Figure 3-20. Format of Program Counter

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

Program status word (PSW)

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

Program status word contents are stored in the stack area upon vectored interrupt request acknowledgement or
PUSH PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
Reset signal generation sets PSW to 02H.

Figure 3-21. Format of Program Status Word

PSW IE z RBS1| AC | RBSO 0 ISP CY

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

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

(c) Register bank select flags (RBS0 and RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction execution is
stored.
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(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all other cases.

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

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

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

can be set as the stack area.

Figure 3-22. Format of Stack Pointer

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

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

stack memory.
Each stack operation saves/restores data as shown in Figures 3-23 and 3-24.

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

SP

Figure 3-23. Data to Be Saved to Stack Memory

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

— FEEOH

FEDFH

Register pair higher

l«—— FEDEH

Register pair lower

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

SP

SP

SP

SP

= FEEOH

FEDFH

PC15 to PC8

l«—— FEDEH

PC7 to PCO

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

FEEOH = FEEOH
: FEDFH PSW
| FEDEH PC15 to PC8
v

FEDDH <« FEDDH PC7 to PCO
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78K0/Kx2
Figure 3-24. Data to Be Restored from Stack Memory
(a) POP rp instruction (when SP = FEDEH)
SP FEEOH +—— FEEOH
1
! FEDFH Register pair higher
SP FEDEH — FEDEH Register pair lower
(b) RET instruction (when SP = FEDEH)
SP FEEOH <—— FEEOH
1
; FEDFH PC15 to PC8
sp FEDEH = FEDEH PC7 to PCO
(c) RETI, RETB instructions (when SP = FEDDH)
SP FEEOH ~—— FEEOH
1
; FEDFH PSW
| FEDEH PC15 to PC8
SP FEDDH — FEDDH PC7 to PCO
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3.2.2 General-purpose registers

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

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

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

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

Figure 3-25. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FEFFH
H
Register bank 0 HL
L
FEF8H
D
Register bank 1 DE
E
FEFOH
B
Register bank 2 BC
C
FEE8H
A
Register bank 3 AX
X
FEEOH
15 0 7 0
(b) Absolute name
16-bit processing 8-bit processing
FEFFH
R7
Register bank 0 RP3
R6
FEF8H
R5
Register bank 1 RP2
R4
FEFOH
R3
Register bank 2 RP1
R2
FEE8SH
R1
Register bank 3 RPO
RO
FEEOH
15 0 7 0
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3.2.3 Special function registers (SFRs)

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

SFRs are allocated to the FFOOH to FFFFH area.

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

Each manipulation bit unit can be specified as follows.

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

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

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

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

e Symbol
Symbol indicating the address of a special function register. It is a reserved word in the RA78K0, and is defined as
an sfr variable using the #pragma sfr directive in the CC78K0. When using the RA78K0, ID78K0-QB, SM+ for 78K0,
and SM+ for 78K0/KX2, symbols can be written as an instruction operand.
o R/W
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write enable
R: Readonly
W:  Write only
e Manipulatable bit units
Indicates the manipulatable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon reset signal generation.
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Table 3-8. Special Function Register List (1/5)

Address Special Function Register (SFR) Symbol | R/W Manipulatable Bit Unit Ater | K| K| K] KK
Name 1Bit | 8Bits | 16 Bits | Reset | B | C | D E}F
212|2|2]|2
FFOOH | Port register 0 PO R/W S \ - 00H [N |~V [N ||
FFO1H | Port register 1 P1 R/W V J - 00H NN NN
FFO2H | Port register 2 P2 R/W R N - 00H NIV NN
FFO3H | Port register 3 P3 R/W \/ \/ - 00H | V|~V |~V ]| AN]|N
FFO4H | Port register 4 P4 R/W J N - 00H |- |~ |~ |~]|V
FFO5H | Port register 5 P5 R/W V V - 0O0H | -|-|-|~N|V
FFO6H | Port register 6 P6 R/W \/ \/ - 00H |~ |~ |~ AN]|A
FFO7H | Port register 7 P7 R/W J V - 0OH |- |~ | ~N|[~V]|N
FFO8H | 10-bit A/D conversion result register ADCR R - - S 0000H [ vV | N | N |~ |V
FFO9H 8-bit A/D conversion result ADCRH R - \/ - 00H NN A A
register
FFOAH | Receive buffer register 6 RXB6 R - \ - FFH NN NN
FFOBH | Transmit buffer register 6 TXB6 R/W - V - FFH | V| V| V| V| N
FFOCH | Port register 12 P12 R/W : \/ - 00H [N |~V [~ ||V
FFODH | Port register 13 P13 R/W : J - 00H | - |Note| ¥ | v | ¥
FFOEH | Port register 14 P14 R/W \ \ - 00H | — |Note] V¥ | v | ¥
FFOFH | Serial I/O shift register 10 SI010 R - v - 00H NN NN A
FF10H | 16-bit timer counter 00 TMO00 R - - \ 0000H | v | N [~V |~ ]|~
FF11H
FF12H | 16-bit timer capture/compare register | CRO00 R/W - - J 0000H | N [ N | N |~ |+
FF13H | 000
FF14H | 16-bit timer capture/compare register | CR010 R/W - - S 0000H [ N | NV [ V| V]|
FF15H | 010
FF16H | 8-bit timer counter 50 TM50 R - v - O00H NN AN A
FF17H | 8-bit timer compare register 50 CR50 R/W - v - 00H NN AN A
FF18H | 8-bit timer H compare register 00 CMPO00 R/W - N - 00H NIV NN A
FF19H | 8-bit timer H compare register 10 CMP10 R/W - \ - 00H | N |~V |~V
FF1AH | 8-bit timer H compare register 01 CMPO1 R/W - J - 00H |~V |~V |~V |[A~N]|N
FF1BH | 8-bit timer H compare register 11 CMP11 R/W - \ - 00H NN NN
FF1FH | 8-bit timer counter 51 TM51 R - \/ - 00H NIV VY
FF20H | Port mode register 0 PMO R/W S \ - FFH [N | v [ N[N ]
FF21H | Port mode register 1 PM1 R/W \ \ - FFH NN NN Y
FF22H | Port mode register 2 PM2 RW J V - FFH [V N[V N[V
FF23H | Port mode register 3 PM3 R/W J V - FFH [V N[V |V [V
FF24H | Port mode register 4 PM4 R/W v v - FFH [ - [N [N |V |V
FF25H | Port mode register 5 PM5 R/W V V - FFH | - | - |- | V| ¥
FF26H | Port mode register 6 PM6 R/W v v - FFH NN AN
FF27H | Port mode register 7 PM7 R/W \/ S - FFH S VAN IENAN
FF28H | A/D converter mode register ADM R/W S \ - 00H [N |~V [N ||
FF29H | Analog input channel specification ADS R/W J J - 00H NN NN
register
FF2CH | Port mode register 12 PM12 RW J V - FFH [V N[ VN[V
FF2EH | Port mode register 14 PM14 R/W : \/ - FFH | - |Note| v | v | ¥
FF2FH | A/D port configuration register ADPC R/W \/ \ - 00H [N |~V [N ||
Note This register is incorporated only in 48-pin products.
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Table 3-8. Special Function Register List (2/5)

Address|  Special Function Register (SFR) Name Symbol | R/W | Manipulatable Bit Unit | After [ K | K | K | K| K
18it | 8 Bits |16 Bits|Reset| B | 1 D EF
2 2 2 2 2
FF30H | Pull-up resistor option register 0 PUO RW | v — JOOH | N | N | N | N | A
FF31H | Pull-up resistor option register 1 PU1 RW | v — JooH | N | N | NN A
FF33H | Pull-up resistor option register 3 PU3 RW | + v — JOOH | v | N | N | N | A
FF34H | Pull-up resistor option register 4 PU4 RW | v — JOOH| = | N | N | N | AV
FF35H | Pull-up resistor option register 5 PU5 RW | v - JOOH| = | = | = | N | ¥
FF36H | Pull-up resistor option register 6 PU6 RW | v - JooH| - | - | - | - | A
FF37H | Pull-up resistor option register 7 PU7 RW | v — JOOH| = | N | N | N |
FF3CH | Pull-up resistor option register 12 PU12 RW | v — JOOH | N | N | N | N | A
FF3EH | Pull-up resistor option register 14 PU14 RW | v - |O0OH | - |Note1] v | v | W
FF40H | Clock output selection register CKS RW | + v — |O0OH | — |Notet| v | v | V
FF41H | 8-bit timer compare register 51 CR51 RW | - v — JOOH | vV | N | N | N | A
FF43H | 8-bit timer mode control register 51 TMC51 RW | + v — JOooH | N | N | NN A
FF48H | External interrupt rising edge enable register | EGP RW | v — JOooH | N | N | N AN A
FF49H | External interrupt falling edge enable register | EGN RW | v — JooH | N | N | N AN A
FF4AH | Serial I/O shift register 11 SI011 R - V - |O00H| - | = | - |Note2] V
FF4CH | Transmit buffer register 11 SOTB11 R/W v - O0H | - - — |Note2|
FF4FH | Input switch control register ISC RW | v — JooH | N | N | NN A
FF50H | Asynchronous serial interface operation ASIM6 RW | + v - JOoH|[ N | N NN A
mode register 6
FF53H | Asynchronous serial interface reception error | ASIS6 R - v — JOooH | N | N | NN A
status register 6
FF55H | Asynchronous serial interface transmission | ASIF6 R - v — JOoOH | ~N | N | N AN A
status register 6
FF56H | Clock selection register 6 CKSR6 RW | - v — JOOH | v | N | N | N | A
FF57H | Baud rate generator control register 6 BRGC6 RW | - v - |FFH| N | N | N | N | A
FF58H | Asynchronous serial interface control register | ASICL6 RW | + v — |teH| N | N NN A
6
FF60H | Remainder data register 0 SDRO |SDROL | R - v N | 00H | - |Note2|Note2|Note2|
FF61H SDROH - v O0H | — |Note2|Note2|Note2|
FF62H | Multiplication/division data register AQ MDAOL|MDAOLL | R/W | — N Y | 00H [ — |Note2|Note2|Note2|
FF63H MDAOLH - \ 00H | — |Note2|Note 2|Note2|
FF64H MDAOHMDAOHL| R/W |  — v N | 00H| - [Note2|Note2|Note2|
FF65H MDAOHH - \ 00H [ — |Note2|Note 2[Note2|
FF66H | Multiplication/division data register BO MDBO [MDBOL | R'W | - v N | 00H | — [Note2|Note2|Note2|
FF67H MDBOH \ 00H [ — |Note2|Note 2Note2|
FF68H | Multiplier/divider control register 0 DMUCO RW | + v — | 00H [ — |Note2|Note2(Note2|
FF69H | 8-bit timer H mode register 0 TMHMDO |RW | < v — JooH | N | N | N AN A
Notes 1. This register is incorporated only in 48-pin products.
2. This register is incorporated only in products whose flash memory is at least 48 KB.
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Table 3-8. Special Function Register List (3/5)

Address|  Special Function Register (SFR) Name Symbol | R/W | Manipulatable Bit Unit | After | K | K| K KK
1Bit | 8Bits |16 Bits| Reset | B | O DI EF
212|2|2]|2
FF6AH | Timer clock selection register 50 TCL50 RW | v - 00H | N[~V | ~V]|~N ]|V
FF6BH | 8-bit timer mode control register 50 TMC50 RW | v - 00H | N |~ [~V ]|V
FF6CH | 8-bit timer H mode register 1 TMHMD1 | RW | v - 00H | N |V [~V |V
FF6DH | 8-bit timer H carrier control register 1 TMCYC1 | RW | v - 00H | N |~V [~V ]|V
FF6EH | Key return mode register KRM RW | v - 00H | - |~V |[~V]| V]|V
FF6FH | Watch timer operation mode register WTM R/W v v - 00H | - |~V |[~]|~N |V
FF70H | Asynchronous serial interface operation ASIMO RW | v - OMH | N[V [~V ]|V
mode register 0
FF71H | Baud rate generator control register 0 BRGCO |RW | - v - IFH [V [ V| NV
FF72H | Receive buffer register 0 RXBO R - v - FFH | N |V [~V |V |V
FF73H | Asynchronous serial interface reception error | ASISO R - v - OOH [V [N [N ||V
status register 0
FF74H | Transmit shift register 0 TXS0 w - \ - FFH [V [ V| N[V ]|
FF80H | Serial operation mode register 10 csiM10 | RW | v - 0O0H [~V [N [N ||V
FF81H | Serial clock selection register 10 csicio | RW | v - 00H | N |~ [~V |V
FF84H | Transmit buffer register 10 SOTB10 | RW | - v - OOH [V [N [N ||V
FF88H | Serial operation mode register 11 csiMi1 | RW | v - 00H | - | - | - |Note| ¥
1
FF89H | Serial clock selection register 11 csici1t | RWwW | W \ - 00H | - | - | — |Note| ¥
1
FF8CH | Timer clock selection register 51 TCL51 RW | v - 00H | N |~ [~V |V
FF90H | Serial operation mode specification register 0 | CSIMAO | RW | v - 0O0OH | -|-|-|-1|+V
FF91H | Serial status register 0 CSISo RW | v - 0O0OH | -|-|-|-1|+V
FF92H | Serial trigger register 0 CSITO RW | R - 0OOH | -|-|-|-1|+V
FF93H | Division value selection register 0 BRGCAO | RW | - v - 03H |- | -|-|-1|+V
FF94H | Automatic data transfer address point ADTPO RW | - v - 0OOH |[-|-|-]-1]V
specification register 0
FF95H | Automatic data transfer interval specification | ADTIO RW | - v - 0OOH | -|-|-|-1|+V
register O
FF96H | Serial I/O shift register 0 SIOA0 RW | - V - OOH | -|-|-|-|Y
FF97H | Automatic data transfer address count ADTCO R - y - 0O0H [-|-|-|-1]+
register 0
FF99H | Watchdog timer enable register WDTE RW | - v - 1AH/ | N [V [ V|V
9AH""*?
FF9FH | Clock operation mode select register OSCCTL | RW | v - 00H | N |~V [~V ]|V
FFAOH | Internal oscillation mode register RCM RW | R — |soH™™ | N [ N[NV |V
FFA1H | Main clock mode register MCM RW | v - 00H | N |V [~V |V
FFA2H | Main OSC control register MOC RW | v - 80H | N |V |[V]| V]|V
FFA3H | Oscillation stabilization time counter status 0STC R y \ - 00H [V [~ | N |[V]|Y
register
FFA4H | Oscillation stabilization time select register OSTS RW | - v - 05H | N |~V [~V ]|V
Notes 1. This register is incorporated only in products whose flash memory is at least 48 KB.
2. The reset value of WDTE is determined by setting of option byte.
3 The value of this register is 00H immediately after a reset release but automatically changes to 80H after

oscillation accuracy stabilization of high-speed internal oscillator has been waited.
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Table 3-8. Special Function Register List (4/5)

Address | Special Function Register (SFR) Name|  Symbol R/W | Manipulatable Bit Unit | After | K | K | K| K | K
1Bit | 8Bits [16Bits| Reset | B | C 1 D 1 E | F
2 2 2 2 2
FFA5H | IIC shift register 0 11ICO R/W - v - 00H | v | v |~V | V|V
FFABH | IIC control register 0 1ICCO RW | ~ v - 00H | V[N [V [~ N
FFA7H | Slave address register 0 SVAO RW | - v - 00H | V| N[ V[V
FFA8H | IIC clock selection register 0 lICCLO RW | v - OOH [ V[ N | V| ~V]| A
FFA9H | IIC function expansion register 0 1ICX0 RW | v - 00H | N [ N [ N[N |V
FFAAH | IIC status register 0 11CS0 R V y - 0O0H | v | N | N | AN |V
FFABH | IIC flag register 0 IICFO RW | \ - 00H [N | N | V|~ |
FFACH | Reset control flag register RESF R - \ — fooH™™ " N | N | N NN
FFBOH | 16-bit timer counter 01 TMO1 R - - \ 0000H | — | = | — [Note| V
FFB1H 2
FFB2H | 16-bit timer capture/compare register | CR001 R/W - - \/ 0000H | — | = | = |Note| V
FFB3H | 001 2
FFB4H | 16-bit timer capture/compare register | CRO11 R/W - - \ 0000H | — | = | — [Note|
FFB5H | 011 2
FFB6H | 16-bit imer mode control register 01 | TMCO1 RW | v - 00H [ — | — | — [Note| ¥
2
FFB7H | Prescaler mode register 01 PRMO1 RW | y - 00H | — | = | = |Note| ¥
2
FFB8H | Capture/compare control register 01 | CRCO1 RW | \ - 00H | — | = | = |Note| ¥
2
FFBOH | 16-bit timer output control register 01 | TOCO1 RW | y - 00H | — | = | = |Note| ¥
2
FFBAH | 16-bit timer mode control register 00 | TMCO0 RW | \ - 00H [N | N | V| V|
FFBBH | Prescaler mode register 00 PRMOO RW | y - OOH | N | N[~ |~ |V
FFBCH | Capture/compare control register 00 | CRCO00 RW | \ - 00H [N | N | V]| V|
FFBDH | 16-bit timer output control register 00 | TOC00 RW | \ - 00H [N | N | V| V|
FFBEH | Low-voltage detection register LVIM RW | y — JooH™ | N | N | NN
FFBFH | Low-voltage detection level selection | LVIS RW | v — JooH™ | | N | N | NN
register
FFEOH | Interrupt request flag register OL IFO |IFOL |[RW | y J 00H [~ | N | V| N |
FFE1H | Interrupt request flag register OH IFOH |RW | v OOH [~ | N | V| V]|V
FFE2H | Interrupt request flag register 1L IF1 |IFIL |[RW | \ J 00H [N | N | V| V|
FFE3H | Interrupt request flag register 1H IF1H | R'W v v O00H NN AN NN
FFE4H | Interrupt mask flag register OL MKO | MKOL | RW |+ v \ FFH [ v | v | N | v | &
FFE5H | Interrupt mask flag register OH MKOH | RW | v FFH | N [ N [ N [ N | W
FFEGH | Interrupt mask flag register 1L MK1 | MKIL [ RW | y J FFH | v | N [ v [ N |+
FFE7H | Interrupt mask flag register 1H MK1H | RW | \/ FFH | N | N | V| v |
Notes 1. The reset value of RESF varies depending on the reset source.

2. This register is incorporated only in products whose flash memory is at least 48 KB.

3. The reset values of LVIM and LVIS vary depending on the reset source.
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Table 3-8. Special Function Register List (5/5)

Address | Special Function Register (SFR) Name|  Symbol R/W | Manipulatable Bit Unit | After | K | K | K | K | K
1Bit | 8 Bits |16 Bits| Reset [ B | C | D | E | F
2 2 2 2 2
FFE8H | Priority specification flag register OL | PRO | PROL | R'W | v \ FFH | ~ | ~ | ~ | v |
FFE9H | Priority specification flag register OH PROH | RW | v FFH | + N N N N
FFEAH | Priority specification flag register 1L | PR1 | PRIL | RW | v \ FFH | + N N N N
FFEBH | Priority specification flag register 1H PR1H |RW | \ FFH | ~ | ~ | N | v | ¥
FFFOH | Internal memory size switching IMS R/W - v - CFH | + \/ v \ \
register"****
FFF3H | Memory bank select register BANK R/W - v - 00H - — |Note 1|Note 1 |Note 1
FFF4H | Internal expansion RAM size switching | IXS R/W - v - OCH | Note | Note | Note | Note |
register"**** 2 2 2 2
FFFBH | Processor clock control register PCC RW | v - OH | ~ | N | N | v | N

Notes 1. This register is incorporated only in products whose flash memory is at least 96 KB.

2. Set this register only in products with internal expansion RAM.

3. Regardless of the internal memory capacity, the initial values of the internal memory size switching register
(IMS) and internal expansion RAM size switching register (IXS) of all products in the 78K0/Kx2
microcontrollers are fixed (IMS = CFH, IXS = OCH). Therefore, set the value corresponding to each product
as indicated in Tables 3-1 and 3-2.

4. The ROM and RAM capacities of the products with the on-chip debug function can be debugged by setting
IMS and IXS, according to the debug target products. Set IMS and IXS according to the debug target
products.
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3.3 Instruction Address Addressing

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

3.3.1 Relative addressing

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

[lllustration]

15 0
PC indicates the start address

PC " of the instruction after the BR instruction.

+
15 8 7 6 0

o S
jdisp8

15 0

PC

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

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !addr16 or BR !addr16 or CALLF !addr11 instruction is executed.
CALL l!addr16 and BR !addr16 instructions can be branched to the entire memory space. However, before
branching to a memory bank that is not set by the memory bank select register (BANK), change the setting of the
memory bank by using BANK.
The CALLF !addr11 instruction is branched to the 0800H to OFFFH area.

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

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

PC

In the case of CALLF !addr11 instruction

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

PC{o 0 O 0 1
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3.3.3 Table indirect addressing

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

[lllustration]

15 6 5 10

addr5 (O 0 0 0 O O O O O 1 tas-o 0

7 6 5 l 1 0
Operation code 1 1 tas-o 1
15 8 7 6 5 i 10

. ... The value of the effective address is
Effective address 0O 0 0 0O 0O 00O 0|0 1 0 the same as that of addr5.

7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T

15 l 8 7 0

PC
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3.3.4 Register addressing

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

[lustration]

15 8 7 0

PC

3.4 Operand Address Addressing

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

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the 78K0/Kx2 microcontroller instruction words, the following instructions employ implied addressing.

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

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

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

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

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

[Function]

The general-purpose register to be specified is accessed as an operand with the register bank select flags (RBSO0 to
RBS1) and the register specify codes of an operation code.

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

[Operand format]

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

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

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

Operation code 01 100 0 1 0|
L |

—— Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 100 0 0 10 0|

LL Register specify code
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3.4.3 Direct addressing

[Function]

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

This addressing can be carried out for all of the memory spaces. However, before addressing a memory bank that
is not set by the memory bank select register (BANK), change the setting of the memory bank by using BANK.

[Operand format]

Identifier Description

addr16 Label or 16-bit immediate data

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

Operation code | 10001110 | OP code
| 0 00 00O O OO | 00H
| 111111 10 | FEH
[Mustration]
7 0
OP code

addr16 (lower)

addr16 (upper)

Memory
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3.4.4 Short direct addressing

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

[Operand format]

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

[Description example]
LB1 EQU OFE30H ; Defines FE30H by LB1.

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

address
Operation code | 1111 0 0 10 | OP code
| 0011 0O0O0O0 | 30H (saddr-offset)

[Mustration]

OP code

saddr-offset ﬁ

15 8 7 0

Short direct memory

Effective address 11 1 1 1 1 1 |

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

[Function]

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

[Operand format]

Identifier

Description

sfr

Special function register name

sfrp

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

[Description example]

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

[ustration]

Effective address

Operation code |1 1110 1 1 0| OP code
|O 01 00 00O O| 20H (sfr-offset)
7 0
OP code
sfr-offset
15 8 7 0

SFR
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3.4.6 Register indirect addressing

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

flag (RBS0O and RBS1) serve as an operand address for addressing the memory.
This addressing can be carried out for all of the memory spaces. However, before addressing a memory bank that

is not set by the memory bank select register (BANK), change the setting of the memory bank by using BANK.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

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

Operation code 100 0 0 1 0 1
[llustration]
16 8 7 0
DE D E
The memory address
specified with the
’ Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

[Function]
8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in the
register bank specified by the register bank select flag (RBSO and RBS1), and the sum is used to address the
memory. Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from the 16th
bit is ignored.
This addressing can be carried out for all of the memory spaces. However, before addressing a memory bank that
is not set by the memory bank select register (BANK), change the setting of the memory bank by using BANK.

[Operand format]

Identifier Description

- [HL + byte]

[Description example]

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

Operation code |1 o1 o0 1 1 1 0|

[llustration]

16 8 7 0
HL H L
+10
7 Memory 0

The contents of the memory
addressed are transferred.

7 0

A
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3.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction word are added to the contents of the base register, that is,
the HL register pair in the register bank specified by the register bank select flag (RBS0O and RBS1), and the sum is
used to address the memory. Addition is performed by expanding the B or C register contents as a positive number
to 16 bits. A carry from the 16th bit is ignored.
This addressing can be carried out for all of the memory spaces. However, before addressing a memory bank that
is not set by the memory bank select register (BANK), change the setting of the memory bank by using BANK.

[Operand format]

Identifier Description

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

[Description example]

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

Operation code 101 010 11
[lllustration]
16 8 7 0
HL H L
+
7 0
B
7 Memory 0
The contents of the memory
addressed are transferred.
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3.4.9 Stack addressing

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

[Description example]

PUSH DE; when saving DE register

Operation code 1011010 1
[MMustration]
7 Memory 0
SP FEEOH — FEEOH
: FEDFH D
y
SP FEDEH «—— FEDEH E
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CHAPTER 4 MEMORY BANK SELECT FUNCTION
(PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY)

4.1 Memory Bank

The pPD78F05x6, 78F05x6A, 78F05x7, 78F05x7A, 78F05x7D and 78F05x7DA of 78K0/KD2, 78K0/KE2, and

78K0/KF2 implement a ROM capacity of 96 KB or 128 KB by selecting a memory bank from a memory space of 8000H to
BFFFH.

The uPD78F05x6 and 78F05x6A have memory banks 0 to 3, and the pPD78F05x7, 78F05x7A, 78F05x7D and
78F05x7DA have memory banks 0 to 5, as shown below.
The memory banks are selected by using a memory bank select register (BANK).

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

(a) 4PD78F05x6 and 78F05x6A (products whose flash memory is 96 KB)

,//l (Memory bank 3)

Al (Memory bank 2)
//I (Memory bank 1)
T BFFFH
Flash memory
Bank 16384 x 8 bits
area (memory bank 0)
Y 8000H
T TFFFH
Common
area Flash memory
32768 x 8 bits
{ 0000H

(b) uPD78F05x7, 78F05x7A, 78F05x7D, and 78F05x7DA (products whose flash memory is 128 KB)

| (Memory bank 5)
| (Memory bank 4)
//l (Memory bank 3)
A (Memory bank 2)

| (Memory bank 1)

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

¥ 8000H

T 7FFFH

Common

area Flash memory
32768 x 8 bits

{ 0000H

Remark x=2to4
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4.2 Difference in Representation of Memory Space

With the 78K0/Kx2 microcontroller products which support the memory bank, addresses can be viewed in the following

two different ways.

¢ Memory bank number + CPU address

e Flash memory real address (HEX FORMAT [BANK])

(a) Memory bank number + CPU address

Figure 4-2. Address View

(b) Flash memory real address (HEX FORMAT [BANK])

] Memory bank 5

| Memory bank 4

Memory bank 3

Memory bank 2

,
4 I

Memory bank 1

fBFFFH
Bank Memory bank 0
area (16 KB)

l 8000H

T TFFFH
Common Common
area (32 KB)

J 0000H

~Noo WO Mo Wi ~Noo WO M
o Mo To Mo To Tio M
Mo Mo Mo Toe To To M
Mo Mo Mo Toe Mo Tmo T
IT T T ITI ITIT ITIT T

co co o= 44— s =

00000H

Memory bank 5
(16 KB)

Memory bank 4
(16 KB)

Memory bank 3
(16 KB)

Memory bank 2
(16 KB)

Memory bank 1
(16 KB)

Memory bank 0
(16 KB)

Common
(32 KB)

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

“Memory bank number + CPU address” is used for addressing in the user program. For on-board programming and

self programming not using the self programming sample library

Note 1

, the flash memory real address is used.

Note that the HEX file that is output by the assembler (RA78KO0) by default uses the flash memory real address. For
address representation of the other tools such as the simulator and the debugger'**?, see Table 4-1.

Notes 1. “Memory bank number + CPU address” can be used when performing self programming, using the self
programming sample library, because the addresses are automatically translated.
2. SM+ for 78K0, SM+ for 78K0/Kx2, and ID78K0-QB
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Table 4-1. Memory Bank Address Representation

Memory Bank Number

CPU Address

Flash Memory Real Address

Address Representation in
Simulator and Debugger*™’

Memory bank 1

Memory bank 0 08000H-0BFFFH""*?

08000H-0BFFFH

08000H-0BFFFH

0COOOH-OFFFFH

18000H-1BFFFH

Memory bank 2 10000H-13FFFH 28000H-2BFFFH
Memory bank 3 14000H-17FFFH 38000H-3BFFFH
Memory bank 4 18000H-1BFFFH 48000H-4BFFFH
Memory bank 5 1C000H-1FFFFH 58000H-5BFFFH

Notes 1. SM+ for 78K0, SM+ for 78K0/Kx2, and ID78K0-QB
2. Set the memory bank to be used by the memory bank select register (BANK) (see Figure 4-3).

For details, see the RA78K0 Ver. 3.80 Assembler Package Operation User’s Manual (U17199E) and the 78K0
Microcontrollers Self Programming Library Type01 User’s Manual (U18274E).

4.3 Memory Bank Select Register (BANK)
The memory bank select register (BANK) is used to select a memory bank to be used.
BANK can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears BANK to O0H.

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

Address: FFF3H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BANK 0 0 0 0 0 BANK2 BANK1 BANKO
BANK2 BANK1 BANKO Bank setting

uPD78F05x6 and 78F05x6A uPD78F05x7, 78F05x7A,
78F05x7D, and 78F05x7DA

0 0 0 Common area (32 KB) + memory bank 0 (16 KB)
0 0 1 Common area (32 KB) + memory bank 1 (16 KB)
0 1 0 Common area (32 KB) + memory bank 2 (16 KB)
0 1 1 Common area (32 KB) + memory bank 3 (16 KB)
1 0 0 Setting prohibited Common area (32 KB) +

memory bank 4 (16 KB)

1 0 1 Common area (32 KB) +
memory bank 5 (16 KB)

Other than above Setting prohibited

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

Remark x=2to4
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4.4 Selecting Memory Bank

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

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

Cautions 1. Instructions cannot be fetched between different memory banks.
2. Branching and accessing cannot be directly executed between different memory banks. Execute
branching or accessing between different memory banks via the common area.
3. Allocate interrupt servicing in the common area.
4. An instruction that extends from 7FFFH to 8000H can only be executed in memory bank 0.

4.4.1 Referencing values between memory banks

Values cannot be directly referenced from one memory bank to another.

To access another memory bank from one memory bank, branch once to the common area (0000H to 7FFFH), change
the setting of the BANK register there, and then reference a value.

Memory bank n

T >
Bank Memory bank m //

area Referencing value

Common
area

T Memory bank n

7

Bank Memory bank m
area L,

Common Referencing value

area N /
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Software example (to store a value to be referenced in register A)

RAMD DSEG SADDR
R_BNKA: DS 2 ; Secures RAM for specifying an address at the reference destination.
R_BNKN: DS 1 ; Secures RAM for specifying a memory bank number at the reference destination.
R_BNKRN: DS 1 ; Secures RAM for saving a memory bank number at the reference source.
ETRC CSEG UNIT
ENTRY:
MOV R_BNKN,#BANKNUM DATA1 ; Stores the memory bank number at the reference destination.
MOVW  R_BNKA #DATA1 ; Stores the address at the reference destination.
CALL IBNKRD ; Calls a subroutine for referencing between memory banks.
BNKC CSEG AT 7000H
BNKRD: ; Subroutine for referencing between memory banks.
PUSH HL ; Saves the contents of the HL register.
MOV A,R_BNKN ; Acquires the memory bank number at the reference destination.
XCH A,BANK ; Swaps the memory bank number at the reference source for that at the reference
; destination
MOV R_BNKRN,A ; Saves the memory bank number at the reference source.
XCHW  AX,HL ; Saves the contents of the X register.
MOVW  AX,R_BNKA ; Acquires the address at the reference destination.
XCHW  AX,HL ; Specifies the address at the reference destination.
MOV A,[HL] ; Reads the target value.
XCH A,R_BNKRN ; Acquires the memory bank number at the reference source.
MOV BANK,A ; Specifies the memory bank number at the reference source.
MOV A,R_BNKRN ; Write the target value to the A register.
POP HL ; Restores the contents of the HL register.
RET ; Return
DATA CSEG BANKS3
DATA1: DB 0AAH
END
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4.4.2 Branching instruction between memory banks
Instructions cannot branch directly from one memory bank to another.

To branch an instruction from one memory bank to another, branch once to the common area (0000H to 7FFFH),
change the setting of the BANK register there, and then execute the branch instruction again.

Bank
area

Memory bank m. =

Common
area

Memory bank n

/—7

Instruction branch

Bank
area

1

Memory bank m

Memory bank n

|

Common
area

|

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

RAMD DSEG SADDR
R_BNKA: DS 2 ; Secures RAM for specifying a memory bank at the branch destination.
R_BNKN: DS 1 ; Secures RAM for specifying a memory bank number at the branch destination.
RSAVEAX: DS 2 ; Secures RAM for saving the AX register.
ETRC CSEG UNIT
ENTRY:
MOV R_BNKN,#BANKNUM TEST ; Stores the memory bank number at the branch destination in RAM.
MOVW  R_BNKA#TEST ; Stores the address at the branch destination in RAM.
BR IBNKBR ; Branches to inter-memory bank branch processing.
BNKC CSEG AT 7000H
BNKBR:
MOVW  RSAVEAX,AX ; Saves the AX register.
MOV A,R_BNKN ; Acquires the memory bank number at the branch destination.
MOV BANK,A ; Specifies the memory bank number at the branch destination.
MOVW  AX,R_BNKA ; Specifies the address at the branch destination.
PUSH AX ; Sets the address at the branch destination to stack.
MOVW  RSAVEAX,AX ; Restores the AX register.
RET ; Branch
BN3 CSEG BANKS3
TEST:
MOV -
END

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

ETRC CSEG AT 2000H

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

BN3 CSEG BANKS3

TEST:
MQV -

END
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4.4.3 Subroutine call between memory banks
Subroutines cannot be directly called between memory banks.
To call a subroutine between memory banks, branch once to the common area (0000H to 7FFFH), specify the memory
bank at the calling destination by using the BANK register there, execute the CALL instruction, and branch to the call

destination by that instruction.

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

executing the RET instruction.

Bank
area

y

Memory bank m. =

|

Common
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|

BR instruction

Memory bank m
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Memory bank n
> P

CALL instruction

Memory bank n

vl

CALL
instruction
-

A

AN

RET instruction

\ Change BANK and save

memory bank number at
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Software example

RAMD DSEG SADDR
R_BNKA: DS 2 ; Secures RAM for specifying an address at the calling destination.
R_BNKN: DS 1 ; Secures RAM for specifying a memory bank number at the calling destination.
R_BNKRN: DS 1 ; Secures RAM for saving a memory bank number at the calling source.
RSAVEAX: DS 2 ; Secures RAM for saving the AX register.
ETRC CSEG UNIT
ENTRY:
MOV R_BNKN,#BANKNUM TEST ; Store the memory bank number at the calling destination in RAM.
MOVW  R_BNKA#TEST ; Stores the address at the calling destination in RAM.
CALL IBNKCAL ; Branches to an inter-memory bank calling processing routine.
BNKC CSEG AT 7000H
BNKCAL: ; Inter-memory bank calling processing routine
MOVW  RSAVEAX,AX ; Saves the AX register.
MOV A,R_BNKN ; Acquires the memory bank number at the calling destination.
XCH ABANK ; Changes the bank and acquires the memory bank number at the calling source.
MOV R_BNKRN,A ; Saves the memory bank number at the calling source to RAM.
CALL IBNKCALS ; Calls a subroutine to branch to the calling destination.
MOVW  RSAVEAX,AX ; Saves the AX register.
XCH A,R_BNKRN ; Acquires the memory bank number at the calling source.
MOV BANK,A ; Specifies the memory bank number at the calling source.
MOVW  AX,RSAVEAX ; Restores the AX register.
RET ; Returns to the calling source.
BNKCALS:
MOVW  AX,R_BNKA ; Specifies the address at the calling destination.
PUSH AX ; Sets the address at the calling destination to stack.
MOVW  AX,RSAVEAX ; Restores source AX register.
RET ; Branches to the calling destination.
BN3 CSEG BANKS3
TEST: ;
MOV -
RET
END
Remark In the software example above, multiplexed processing is not supported.

RO1UHOO08EJ0401 Rev.4.01

Jul 15, 2010

RENESAS

156



78K0/Kx2

CHAPTER 4 MEMORY BANK SELECT FUNCTION

4.4.4 Instruction branch to bank area by interrupt

When an interrupt occurs, instructions can branch to the memory bank specified by the BANK register by using the
vector table, but it is difficult to identify the BANK register when the interrupt occurs.
Therefore, specify the branch destination address specified by the vector table in the common area (0000H to 7FFFH),
specify the memory bank at the branch destination by using the BANK register in the common area, and execute the CALL
instruction. At this time, save the BANK register value before the change to RAM, and restore the value of the BANK

register before executing the RETI instruction.

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

Bank
area

Memory bank m

Instruction branch

Common
area

/\

vl

Memory bank n

AN

Vector table

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

at the destination, and execute the call
instruction.

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

VCTBL CSEG AT 0020H
DW BNKITM000 ; Specifies an address at the timer interrupt destination.
RAMD DSEG SADDR
R_BNKRN: DS 1 ; Secures RAM for saving the memory bank number before the interrupt occurs.
BNKC CSEG AT 7000H
BNKITMOO00: ; Inter-memory bank interrupt servicing routine
PUSH AX ; Saves the contents of the AX register.
MOV A,BANK
MOV R_BNKRN,A ; Saves the memory bank number before the interrupt to RAM.
MOV BANK,#BANKNUM TEST ; Specifies the memory bank number of the interrupt routine.
CALL ITEST ; Calls the interrupt routine.
MOV A,R_BNKRN ; Restores the memory bank number before the interrupt.
MOV BANK,A
POP AX ; Restores the contents of the AX register.
RETI
BN3 CSEG BANKS3
TEST: ; Interrupt servicing routine
MOV -
RET
END
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Remark Note the following points to use the memory bank select function efficiently.
o Allocate a routine that is used often in the common area.
o If a value that is planned to be referenced is placed in RAM, it can be referenced from all of the areas.
¢ If the reference destination and the branch destination of the routine placed in a memory bank are placed
in the same memory bank, then the code size and processing are more efficient.
¢ Allocate interrupt servicing that requires a quick response in the common area.
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CHAPTER 5 PORT FUNCTIONS

5.1 Port Functions

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

Table 5-1. Pin I/O Buffer Power Supplies (AVRer, Vbp)

e 78K0/KB2: 30-pin plastic SSOP (7.62 mm (300))

e 78K0/KC2: 38-pin plastic SSOP (7.62 mm (300)), 44-pin plastic LQFP (10x10),
48-pin plastic LQFP (fine pitch) (7x7)

e 78K0/KD2: 52-pin plastic LQFP (10x10)

Power Supply Corresponding Pins
AVRer P20 to P27
Voo Pins other than P20 to P27

Table 5-2. Pin I/O Buffer Power Supplies (AVrer, EVbp, Vbp)

e 78K0/KB2: 36-pin plastic FLGA (4x4)

e 78K0/KE2: 64-pin plastic LQFP (fine pitch) (10x10), 64-pin plastic LQFP (14x14), 64-pin plastic LQFP (12x12), 64-
pin plastic TQFP (fine pitch) (7x7), 64-pin plastic FLGA (5x5) , 64-pin plastic FBGA (4x4)

e 78K0/KF2: 80-pin plastic LQFP (14x14), 80-pin plastic LQFP (fine pitch) (12x12)

Power Supply Corresponding Pins
AVrer P20 to P27
EVop Port pins other than P20 to P27 and P121 to P124
Voo e P121 to P124
* Non-port pins

78K0/Kx2 microcontrollers are provided with digital I/O ports, which enable variety of control operations. The functions
of each port are shown in Table 5-3.

In addition to the function as digital 1/O ports, these ports have several alternate functions. For details of the alternate
functions, see CHAPTER 2 PIN FUNCTIONS.
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Table 5-3. Port Functions (1/3)

KB2|KC2|KD2|KES|KF2| Function 1/0 Function After Alternate
Name Reset Function
v | N | v |Poo 110 Port 0. Input TI000
V| V|V [Pot VG port. port TI010/TO00
Input/output can be specified in 1-bit units.
— | = |Note1Note2| | P02 . . " SO11
Use of an on-chip pull-up resistor can be specified by
- | = Motetnote2 Y | PO3 a software setting. Sl
- | = | - poteg v [PO4 SCK11
- | = | - otz ¥ |PO5 TI001/SSI11
- | = | - poteg ¥ [POB TI011/TOO1
NI N[N NN ]P0 110 Port 1. Input SCK10/TxDO
V|V VY|V Pr VO port. port SI10/RxDO
Input/output can be specified in 1-bit units.
Vv vV ]V e pLITOIDI can be spectied N 5010
Use of an on-chip pull-up resistor can be specified by
ViV || V] AN]|PI3 a software setting. TxD6
VNNV |V ]P4 RxD6
VIV V| V| |Pi5 TOHO
NN AN V]|V ]|PI6 TOH1/INTP5
NN NN NP7 TI50/TO50
NN NN Y| P20 1/0 Port 2. Analog | ANIO
V|V VY|V Pe VO port nput | ANI
Input/output can be specified in 1-bit units.
NN NN N P22 P P P ANI2
VI V[ V] V]V |P23 ANI3
— [ VNNV | P24 ANI4
— | N NN NP2 ANI5
- INote3 vV | ¥ | ¥ | P26 ANI6
— MNotes N | V| ¥ [P27 ANI7
NN | YN |[P30 110 Port 3. Analog | INTP1
SV IV VA I =¥ /O port. input INTP2/
Input/output can be specified in 1-bit units. OCD1AY"*
Use of an on-chip pull-up resistor can be specified b
VIV V[V e TP PP petiet™ INTP3/
a software setting.
OCD1BNote4
VIV || V] A]|P33 TI51/TO51/
INTP4
Notes 1. The 78K0/KD2 products are only provided with port functions (P02 and P03) and not alternate functions.
2. The 78K0/KE2 products whose flash memory is less than 32 KB are only provided with port functions (P02
to P06) and not alternate functions. The 78KO0/KE2 products whose flash memory is at least 48 KB are
provided with port functions (P02 to P06) and alternate functions.
3. This is not mounted onto 38-pin products of the 78K0/KC2. For the 38-pin products, be sure to set bits 6
and 7 of PM2 to “1” and bits 6 and 7 of P2 to “0”.
4. OCD1A and OCD1B are provided to the products with an on-chip debug function (¢«PD78F05xxD and

Remark +: Mounted, —: Not mounted

78F05xxDA) only.
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Table 5-3. Port Functions (2/3)

KB2|KC2|KD2|KES|KF2| Function I/0 Function After Alternate
Name Reset Function

— |Note 1 N | A | P40 110 Port 4. Input -

— |Note 1 v | V| Pat /O port. port -
J |+ [Paz Input/output can be specified in 1-bit units.

B I Use of an on-chip pull-up resistor can be specified by -

e e R R AL a software setting. -

-l =1 =1-|+[|Pas -

-l =1 =1-1~|Ps5 -

-l =1 =1-1+[P46 -

o R 4 -

- | = =1~ |P50 110 Port 5. Input -

N I N A N =T 1/O port. port _
J 1+ [ps2 Input/output can be specified in 1-bit units.

B A 5 Use of an on-chip pull-up resistor can be specified by -

- | - | -] N]V[Ps3 a software setting. -

e R -

e R 3 -

-l =1=1-1+[Ps6 -

-l =1 =1-1|~[|Ps7 -

NN NN Y| PO I/0 Port 6. Input SCLO

V| VN V] V| et VG port. port SDAO

Output of P60 to P63 is N-ch open-drain output

— | N | NN AN |P62 (6 V tolerance). EXSCLO

- | N | V||V [Pes Input/output can be specified in 1-bit units. -

=] =1 <=1+ |Pea Only for P64 to P67, use of an on-chip resistor can -

N I I I I be specified by a software setting. ~

-l =1=1-1+|Pe6 -

- -1 -1-1+[Ps7 -

- N NN AN |PTO 110 Port 7. Input KRO

| N V] V]V |Pr VO port port KR

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

~ potet| V| V| V| P72 Use of an on-chip pull-up resistor can be specified by KR2

— INote1| ¥V | N | ¥ | P73 a software setting. KR3

— Note2 ¥V | ¥ | ¥ |P74 KR4

— MNote2 N | V| ¥ [P75 KR5

- |- | V| V]|V |P76 KR6

- = NN | AN]|PT7 KR7

Notes 1. This is not mounted onto 38-pin products of the 78K0/KC2. For the 38-pin products, be sure to set bits 0

Remark

and 1 of PM4, bits 2 and 3 of PM7, bits 0 and 1 of P4, and bits 2 and 3 of P7 to “0”".
This is not mounted onto 38-pin and 44-pin products of the 78K0/KC2. The 48-pin products are only
provided with port functions (P74 to P75) and not alternate functions.

v: Mounted, —: Not mounted
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Table 5-3. Port Functions (3/3)
KB2|KC2|KD2|KES|KF2| Function I/0 Function After Alternate
Name Reset Function
P120 /0 Port 12. Input INTPO/EXLVI
P121 VO port. port X1/OCDOA™"*
Input/output can be specified in 1-bit units.
P122 . . X2/EXCLK/
Only for P120, use of an on-chip pull-up resistor can
- . ocbDoB™*?
be specified by a software setting.
-V P123 XT1
N P124 XT2/EXCLKS
— |Note 1 P130 Output | Port 13. Output -
Output-only port. port
— Inote1| ¥ | N | N | P140 1/0 Port 14. Input PCL/INTP6
— | = | = |note2 ¥ | P141 /O port. port BUZ/BUSY0/
Input/output can be specified in 1-bit units. INTP7
Use of an on-chip pull-up resistor can be specified b p—
| =1 =1 =1+ |P142 ) PP P P y SCKAO
a software setting.
-l =-]-1-1+[P143 SIA0
- - =-1]-1]+|P144 SOAO
-l =-]=-1-1+ P45 STBO
Notes 1. This is not mounted onto 38-pin and 44-pin products of the 78K0/KC2.
2. The 78K0/KE2 products are not provided with the BUSYO input function.
3. OCDOA and OCDOB are provided to the products with an on-chip debug function (¢#PD78F05xxD and
78F05xxDA) only.
Remark +: Mounted, —: Not mounted
RO1UHO008EJ0401 Rev.4.01 162

Jul 15, 2010

RENESAS



78K0/Kx2

CHAPTER 5 PORT FUNCTIONS

5.2 Port Configuration

Ports include the following hardware.

Table 5-4. Port Configuration

ltem

Configuration

Control registers

o 78K0/KB2
Port mode register (PMxx):
Port register (Pxx):

Port mode register (PMxx):
Port register (Pxx):

Port mode register (PMxx):
Port register (Pxx):

78KO0/KE2
Port mode register (PMxx):
Port register (Pxx):

78K0/KF2
Port mode register (PMxx):
Port register (Pxx):

PMO to PM3, PM6, PM12
PO to P3, P6, P12
Pull-up resistor option register (PUxx): PUO, PU1, PU3, PU12
A/D port configuration register (ADPC)

38-pin and 44-pin products of 78K0/KC2

PMO to PM4, PM6, PM7, PM12
PO to P4, P6, P7, P12

Pull-up resistor option register (PUxx): PUO, PU1, PU3, PU4, PU7, PU12
A/D port configuration register (ADPC)

48-pin products of 78K0/KC2, 78K0/KD2

PMO to PM4, PM6, PM7, PM12, PM14
PO to P4, P6, P7, P12 to P14

Pull-up resistor option register (PUxx): PUO, PU1, PU3, PU4, PU7, PU12, PU14
A/D port configuration register (ADPC)

PMO to PM7, PM12, PM14

PO to P7, P12 to P14

Pull-up resistor option register (PUxx): PUO, PU1, PU3 to PU5, PU7, PU12, PU14
A/D port configuration register (ADPC)

PMO to PM7, PM12, PM14

PO to P7, P12 to P14

Pull-up resistor option register (PUxx): PUO, PU1, PU3 to PU7, PU12, PU14
A/D port configuration register (ADPC)

Port o 78K0/KB2: Total: 23 (CMOS 1I/O: 21, N-ch open drain 1/O: 2)
® 38-pin products of 78K0/KC2: Total: 31 (CMOS I/O: 27, N-ch open drain I/O: 4)
e 44-pin products of 78K0/KC2: Total: 37 (CMOS I/O: 33, N-ch open drain I/O: 4)
e 48-pin products of 78K0/KC2: Total: 41 (CMOS I/O: 36, CMOS output: 1, N-ch open drain 1/O: 4)
o 78K0/KD2: Total: 45 (CMOS 1/O: 40, CMOS output: 1, N-ch open drain 1/O: 4)
o 78K0/KE2: Total: 55 (CMOS 1/O: 50, CMOS output: 1, N-ch open drain 1/O: 4)
o 78K0/KF2: Total: 71 (CMOS 1I/O: 66, CMOS output: 1, N-ch open drain 1/O: 4)
Pull-up resistor o 78K0/KB2: Total: 15
e 38-pin products of 78K0/KC2: Total: 17
e 44-pin products of 78K0/KC2: Total: 21
o 48-pin products of 78K0/KC2: Total: 24
o 78K0/KD2: Total: 28
o 78K0/KE2: Total: 38
o 78KO0/KF2: Total: 54
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5.2.1 Port0
78K0/KB2 78K0/KC2 78K0/KD2 78KO/KE2 78KO/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P0O/TI000 x/ v v
PO1/TI010/TO00 N N v
P02/SO11 pPo2"* pPo2"* v
P03/SI11 PO3"* PO3"* v
P04/SCK11 - PO4"* v
PO5/TI001/SSI11 - PO5""* v
P06/TI011/TO01 - PO6" " v

Note The 78K0/KE2 products whose flash memory is less than 32 KB and 78K0/KD2 products are only provided with
port functions and not alternate functions.

Remark +: Mounted, —: Not mounted

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

specified in 1-bit units by pull-up resistor option register 0 (PUO).
This port can also be used for timer I/O, serial interface data I/O, clock 1/0, and chip select input.

Reset signal generation sets port 0 to input mode.
Figures 5-1 to 5-6 show block diagrams of port 0.

Caution To use P02/SO11 and P04/SCK11 as general-purpose ports, set serial operation mode register 11

(CSIM11) and serial clock selection register 11 (CSIC11) to the default status (00H).
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Figure 5-1. Block Diagram of P00

EVoo
B WReu
l PUO
© PUOO
P-ch
Alternate function
RD
| g CQ ’ Q |

@ © | 3
3 )
g WRPpoRT
< PO
£

A Output latch

© (POO) © P00/TI000

WRem
PMO
& PMOO
~_
PO: Port register 0

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

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Figure 5-2. Block Diagram of P01

EVop
M-  WRru
l PUO
© PUO1
P-ch
Alternate
function
RD
I 2 :] :] |
O | ks
(2]
2 &
o WRPeoRrT
@ PO
kS
A Output latch
© (PO1) —O PO01/TI010/TO00
WRem
PMO
S PMO1
Alternate
function
AN
PO: Port register 0

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

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Figure 5-3. Block Diagram of P02 (1/2)

(1) 78K0/KE2 products whose flash memory is less than 32 KB and 78K0/KD2

EVoo

WRpu
PUO
S PUO2
P-ch
RD
@ .
'8 Pary | % ;
T ~ | 2
£ %)
2
£ WRPporT
PO
A Output latch
- (P02) © P02
WReM
PMO
S PMO02
~_/
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Figure 5-3. Block Diagram of P02 (2/2)

(2) 78K0/KE2 products whose flash memory is at least 48 KB and 78K0/KF2

EVop
M-  WRru
l PUO
© PUO2 pch
b—l -cl
RD
S
& | 8 ]
| E
n
é’ WRepoRT
= PO
£
Q A Output latch
£ ¥ (PO2) ——O P02/SO11
WRem
PMO
S PMO02
Alternate
function
AN
PO: Port register 0

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

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVob or EVss pin, replace EVpp with Vop, or replace EVss with Vss.
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Figure 5-4. Block Diagram of P03 and P05 (1/2)

(1) 78K0/KE2 products whose flash memory is less than 32 KB and 78K0/KD2

EVop
M
WReu
PUO
&S PUO03, PUO5 boch
b—l -C

RD

@ -
o
-g Pary | g L
e © | L
= n
2
£ WRepoRT
PO
A Output latch
~ (P03, PO5) © P03, P05
WRem
PMO
&S PMO03, PM05
~_
PO: Port register 0

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

RD: Read signal

WRxx: Write signal

Remarks 1. 78K0/KD2: P03 (not mounted with P05)
78K0/KE2 products whose flash memory is less than 32 KB: P03 and P05
2. With products not provided with an EVop or EVss pin, replace EVpp with Vop, or replace EVss with Vss.
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Figure 5-4. Block Diagram of P03 and P05 (2/2)

(2) 78K0/KE2 products whose flash memory is at least 48 KB and 78K0/KF2

EVoo

M
WRpu
l PUO
S PU03, PU05
P-ch
Alternate function
RD
| e
o Q
o | o
o w
g WRPporT
2 PO
£
A Qutput latch
~ (P03, PO5) © PO3/SI11,
P05/SSI11/T1001
WRpm
PMO
& PMO03, PMO05
~_/
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Figure 5-5. Block Diagram of P04 (1/2)

(1) 78K0/KE2 products whose flash memory is less than 32 KB

EVop
™1 WReru
l PUO
© PU0O4
RD
8 s ( J
% Pary | ° L
[0}
£ ~ | o
) ]
£
WRProRT
PO
A Qutput latch
< (PO4) © Po4
WRem
PMO
S PMO04
~_
PO: Port register 0

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

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVob or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Figure 5-5. Block Diagram of P04 (2/2)

(2) 78K0/KE2 products whose flash memory is at least 48 KB and 78K0/KF2

EVoo

Selector

<o

—©) P04/SCK11

™  WReru
l PUO
S PUO4
Alternate
function
RD
rany |
Ny
P |
el
‘_é’ WRPpoRT
31—3 PO
c
= A Output latch
~ (P04)
WRem
PMO
S PM04
Alternate
function
%
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal

WRxx: Write signal

Remark

With products not provided with an EVbob or EVss pin, replace EVop with Vob, or replace EVss with Vss.
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

Figure 5-6. Block Diagram of P06 (1/2)

(1) 78K0/KE2 products whose flash memory is less than 32 KB

EVoo
™1 WReu
l PUO
S PU06 ) | b_ch
-C
RD
o S
3 o | 3 ~—
g | 3
2
< WRPporT
PO
Output latch
< (PO6) © Pos
WRpm
PMO
S PMO06
—~_/
PO: Port register 0

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

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

Figure 5-6. Block Diagram of P06 (2/2)

(2) 78K0/KE2 products whose flash memory is at least 48 KB and 78K0/KF2

EVop
M-  WRru
l PUO
S PUO6
P-ch
Alternate
function
RD
I 2 i] i] |
& | 3
(2]
Ei @
@ WRepoRT
I3 PO
£
A Qutput latch
¥ (POB) ——© P06/TIO11/TOO1
WRem
PMO
S PMO06
Alternate
function
N/
PO: Port register 0

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

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVob or EVss pin, replace EVpp with Vob, or replace EVss with Vss.
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CHAPTER 5 PORT FUNCTIONS

5.2.2 Port1
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78KO0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P10/SCK10/TxD0 v
P11/SI10/RxDO J
P12/SO10 v
P13/TxD6 J
P14/RxD6 \
P15/TOHO J
P16/TOH1/INTP5 \
P17/TI50/TO50 \

Remark +: Mounted

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

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

Reset signal generation sets port 1 to input mode.
Figures 5-7 to 5-11 show block diagrams of port 1.

Cautions 1.

To use P10/SCK10/TxDO and P12/SO10 as general-purpose ports, set serial operation mode

register 10 (CSIM10) and serial clock selection register 10 (CSIC10) to the default status (00H).

To use P13/TxD6 as general-purpose port, clear bit 0 (TXDLV6) of asynchronous serial interface
control register 6 (ASICL6) to 0 (normal output of TxD6).

RO1UHOO08EJ0401 Rev.4.01

Jul 15, 2010

RENESAS

175



78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

Figure 5-7. Block Diagram of P10

EVoo
M-  WRru
l PU1
© PU10 bch
)O—l -C
Alternate
function
RD
| et
O ks
0 | 3
o]
? WRPpoRT
k5 P1
[
- N Output latch
- (P10) ] O P10/SCK10/TxDO
WRem
PM1
S PM10
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

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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CHAPTER 5 PORT FUNCTIONS

WReru

Figure 5-8. Block Diagram of P11 and P14

EVoo

PU1

RD

PU11, PU14
P-ch

Alternate
function

<Feg

Internal bus
q

WRProRT

Selector

P1
Output latch

(P11, P14)

P14/RxD6

PM1

P1:
PU1:
PM1:
RD:
WRxx:

PM11, PM14

Port register 1

Pull-up resistor option register 1
Port mode register 1

Read signal

Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.

© P11/SI110/RxDO,
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CHAPTER 5 PORT FUNCTIONS

78K0/Kx2
Figure 5-9. Block Diagram of P12 and P15
EVoo
M- WReru
l PU1
N PU12, PU15
P-ch
RD
S \
& I 3
\ | o
[
»
é WRProRT
= P1
£
2 Fary OUtpU'[ latch
= - (P12, P15) ——O P12/5010
WRem P15/TOHO
PM1
S PM12, PM15
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

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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CHAPTER 5 PORT FUNCTIONS

78K0/Kx2
Figure 5-10. Block Diagram of P13
EVop
M|  WReu
l PU1
> PU13
RD
S
= | 8 -
| 3
(7] w
]
2 WRpoRrT
g P1
(0]
S EN Output latch
WRem
PM1
S PM13
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

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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CHAPTER 5 PORT FUNCTIONS

78K0/Kx2
Figure 5-11. Block Diagram of P16 and P17
EVoo
™  WReu
l PU1
S PU16, PU17
Alternate
function
RD
I 2 <] <] |
= 3
: | 8
Ko}
§ WRpoRrT
5 P1
C
- A Output latch
S (P16, P17) ——QO P16/TOH1/INTPS,
P17/T150/TO50
WRpm
PM1
S 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

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

5.2.3 Port 2
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P20/ANIO \ v \/
P21/ANI1 N N N
P22/ANI2 \ v \/
P23/ANI3 \ N y
P24/ANI4 - v y
P25/ANI5 - y \
P26/ANI6 - e v
P27/ANI7 - e v

Note This is not mounted onto 38-pin products of the 78K0/KC2. For the 38-pin products, be sure to set bits 6 and 7 of
PM2 to “1”, and bits 6 and 7 of P2 to “0”.

Remark +: Mounted, —: Not mounted

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

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

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

Table 5-5. Setting Functions of P20/ANIO to P27/ANI7 Pins

ADPC PM2 ADS P20/ANIO to P27/ANI7 Pin
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. Setting prohibited
Does not select ANI.

All P20/ANIO to P27/ANI7 are set in the analog input mode when the reset signal is generated.
Figure 5-12 shows a block diagram of port 2.

Caution Make the AVrerF pin the same potential as the Voo pin when port 2 is used as a digital port.
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Figure 5-12. Block Diagram of P20 to P27

A
RD
S
b —
| @
(%) (7]
>
Keo)
I WRporT
c P2
o
c
= Output latch
O P20/ANIO to
~ (P20 to P27) ) P27/ANI7
WRem
PM2
S PM20 to PM27
A/D converter
S
P2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal

Caution For the 38-pin products of 78K0/KC2, be sure to set bits 6 and 7 of PM2 to “1”, and bits 6 and 7 of P2
to “0”.
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5.2.4 Port3
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78KO0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P30/INTP1
P31/INTP2/
OCD1A™*
P32/INTP3/ v
OCD1B™"
P33/INTP4/TI51/ v
TO51

Note OCD1A and OCD1B are provided to the products with an on-chip debug function (£PD78F05xxD and 78F05xxDA)
only.

Remark +: Mounted

Port 3 is an I/O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units using port
mode register 3 (PM3). When the P30 to P33 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 and timer 1/0.

Reset signal generation sets port 3 to input mode.

Figures 5-13 and 5-14 show block diagrams of port 3.

Cautions 1. In the product with an on-chip debug function (4P78F05xxD and D78F05xxDA), be sure to pull the
P31/INTP2/0CD1A pin down before a reset release, to prevent malfunction.
2. Process the P31/INTP2/0CD1A pin of the products mounted with the on-chip debug function
(4PD78F05xxD and 78F05xxDA) as follows, when it is not used when it is connected to a flash
memory programmer or an on-chip debug emulator.

P31/INTP2/OCD1A
Flash memory programmer connection Connect to EVss"* via a resistor.
On-chip debug During reset
emulator connection During reset released Input:  Connect to EVoo"* or EVss™*®
(when it is not used via a resistor.
as an on-chip debug Output: Leave open.

mode setting pin)

Note With products without an EVss pin, connect them to Vss. With products without an EVop pin, connect them to
Vop.
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Remark P31 and P32 of the product with an on-chip debug function (xPD78F05xxD and 78F05xxDA) can be used as
on-chip debug mode setting pins (OCD1A, OCD1B) when the on-chip debug function is used. For how to
connect an on-chip debug emulator (QB-MINI2), see CHAPTER 28 ON-CHIP DEBUG FUNCTION

(4xPD78F05xxD AND 78F05xxDA ONLY).

Figure 5-13. Block Diagram of P30 to P32

EVop
™ WRru
L PU3
& PU30 to PU32 :)O—l P-ch
-C
Alternate
function
RD j j
(2]
a S |
e—o—<
s [0
E (2}
WRPporT
P3
& Output latch © P30/INTP1
(P30 to P32) /
P31/INTP2/OCD1A,
WRpm P32/INTP3/0OCD1B
PM3
D PM30 to PM32
N
P3: Port register 3

PU3: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Figure 5-14. Block Diagram of P33

EVoo
M WRru
l PU3
© PU33
P-ch
Alternate
function
RD
I g i] i] |
& 8
3 | ;
g WRPpoRT
o P3
£
Output latch
~ (P33) ——O P33/INTP4/TI51/TO51
WRem
PM3
S PM33
Alternate
function
%
P3: Port register 3

PU3: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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5.2.5 Port4
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P40 - e \/ N
P41 - e v v
P42 - N N
P43 - v v
P44 - - v
P45 - - v
P46 - - v
P47 - - v

Note This is not mounted onto 38-pin products of the 78K0/KC2.

PM4 and P4 to “0”.

Remark +: Mounted, — Not mounted

For the 38-pin products, be sure to set bits 0 and 1 of

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

Reset signal generation sets port 4 to input mode.

Figure 5-15 shows a block diagram of port 4.
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CHAPTER 5 PORT FUNCTIONS

78K0/Kx2
Figure 5-15. Block Diagram of P40 to P47
EVop
WRpu PU4
(N
PU40 to PU47
RD
T
3 Selector ¢
o]
T
E WRPpoRT T—
£ P4
Output latch |
(P40 to P47) © P40 to P47
WRepm
PM4
PM40 to PM47
=~
P4: Port register 4
PU4: Pull-up resistor option register 4
PM4:  Port mode register 4
RD: Read signal
WRxx: Write signal

Caution For the 38-pin products of 78K0/KC2, be sure to set bits 0 and 1 of PM4 and P4 to “0”.

Remark With products not provided with an EVob or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS
5.2.6 Port5
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P50 - v \
P51 - J J
P52 - v \
P53 - J J
P54 - - \
P55 - - J
P56 - - v
P57 - - \

Remark +: Mounted, —;: Not mounted

Port 5 is an I/O port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units using port
mode register 5 (PM5). When the P50 to P57 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).

Reset signal generation sets port 5 to input mode.

Figure 5-16 shows a block diagram of port 5.

Figure 5-16. Block Diagram of P50 to P57

EVop
WRru PU5
(N
PU50 to PU57
P-ch
RD
(] -
2 I Selector K
Qo
g t
® WRPporT 1
£ P5
Output latch [
(P50 to P57)
WRpm
PM5
PM50 to PM57
U
P5: Port register 5
PUS5: Pull-up resistor option register 5
PM5:  Port mode register 5
RD: Read signal
WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.

© P50 to P57
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

5.2.7 Port 6
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P60/SCLO y \/
P61/SDAO N N
P62/EXSCLO - V \/
P63 - v v
P64 - v
P65 - - v
P66 - N
P67 - - v

Remark +: Mounted, —;: Not mounted

Port 6 is an I/O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units using port
mode register 6 (PM6). When the P64 to P67 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 6 (PU6).

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

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

Reset signal generation sets port 6 to input mode.

Figures 5-17 to 5-20 show block diagrams of port 6.

Remark When using P62/EXSCLO as an external clock input pin of the serial interface, input a clock of 6.4 MHz to it.
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78K0/Kx2
Figure 5-17. Block Diagram of P60 and P61
N\
Alternate
function
RD
l | £ :q :q
[&]
> [0}
| S
»n
WRPpoRT
8 P6
Keo)
e Output latch
8 ~ (P60, P61) . © P60/SCLO,
k= P61/SDAO
WRem
l PM6
© PM60, PM61
Alternate
function
NS
Pé6: Port register 6

PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal

Caution A through current flows through P60 and P61 if an intermediate potential is input to these pins,
because the input buffer is also turned on when P60 and P61 are in output mode. Consequently, do

not input an intermediate potential when P60 and P61 are in output mode.
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78K0/Kx2
Figure 5-18. Block Diagram of P62
N\
Alternate
function
RD
l | g ) q ) q
o
A\ | %
a (9%}
e}
g WRPporT
g P6
S
A Qutput latch
< (P62) © P62/EXSCLO
WRem
PM6
O PM62
Y~
P6: Port register 6
PM6:  Port mode register 6
RD: Read signal

WRxx: Write signal

Caution A through current flows through P62 if an intermediate potential is input to this pin, because the

input buffer is also turned on when P62 is in output mode.

intermediate potential when P62 is in output mode.

Consequently, do not input an
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CHAPTER 5 PORT FUNCTIONS

78K0/Kx2
Figure 5-19. Block Diagram of P63
A
RD
| 5
& Q<I—CC B
©
(g w
Qo
= WReporT
g P6
= A Output latch I\
& (P63) © P63
WRem
PM6
S PM63
g
P6: Port register 6
PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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78K0/Kx2
Figure 5-20. Block Diagram of P64 to P67
B EVoo
WRpu
l PU6
S PU64 to PU67 ) |
P-ch
RD
(]
3
= Fan) Q
l I 5
WRroRrT
P6
A Output latch
&S (P64 to P67) © P64 to P67
WRem
PM6
S PM64 to PM67
~_
P6: Port register 6
PM6:  Port mode register 6
RD: Read signal

WRxx: Write signal

Remark

With products not provided with an EVob or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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CHAPTER 5 PORT FUNCTIONS

5.2.8 Port7
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P70/KR0O - v \/
P71/KR1 - v v
P72/KR2 - et v
P73/KR3 - et v
P74/KR4 - P74"*e? v
P75/KR5 - p75"*e? \
P76/KR6 - - y
P77/KR7 - - \/

Notes 1. This is not mounted onto 38-pin products of the 78K0/KC2. For the 38-pin products, be sure to set bits 2 and 3
of PM7 and P7 to “0”.

2. This is not mounted onto 38-pin and 44-pin products of the 78K0/KC2. The 48-pin products are only provided

with port functions and not alternate functions.

Remark +: Mounted, —: Not mounted

Port 7 is an I/O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units using port

mode register 7 (PM7). When the P70 to P77 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 7 (PU7).

This port can also be used for key return input.
Reset signal generation sets port 7 to input mode.

Figure 5-21 shows a block diagram of port 7.
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

Figure 5-21. Block Diagram of P70 to P77

EVoo
] WRpu
l PU7
© PU70 to PU77 ) | boch
-C
Alternate
function

RD
1]
g0 | s
o n
£

WRPpoRT
P7
A Output latch
> (P70 to P77) © P70/KRO to
P77/KR7
WRem
PM7
S PM70 to PM77
—~_
P7: Port register 7

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

RD: Read signal

WRxx: Write signal

Caution For the 38-pin products of 78K0/KC2, be sure to set bits 2 and 3 of PM7 and P7 to “0”.

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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5.2.9 Port 12
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P120/INTPO/EXLVI v N
P121/X1/OCDOA™"
P122/X2/EXCLK/
OoCcDoB"™™
P123/XT1 -
P124/XT2/EXCLKS -

Note OCDOA and OCDOB are provided to the products with an on-chip debug function (£PD78F05xxD and 78F05xxDA)
only.

Remark +: Mounted, —: Not mounted

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

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

Reset signal generation sets port 12 to input mode.

Figures 5-22 and 5-23 show block diagrams of port 12.

Caution 1. When using the P121 to P124 pins to connect a resonator for the main system clock (X1, X2) or
subsystem clock (XT1, XT2), or to input an external clock for the main system clock (EXCLK) or
subsystem clock (EXCLKS), the X1 oscillation mode, XT1 oscillation mode, or external clock
input mode must be set by using the clock operation mode select register (OSCCTL) (for details,
see 6.3 (1) Clock operation mode select register (OSCCTL) and (3) Setting of operation mode for
subsystem clock pin). The reset value of OSCCTL is 00H (all of the P121 to P124 pins are 1/O port
pins). At this time, setting of the PM121 to PM124 and P121 to P124 pins is not necessary.
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Caution 2. Process the P121/X1/OCDOA pin of the products mounted with the on-chip debug function
(4PD78F05xxD and 78F05xxDA) as follows, when it is not used when it is connected to a flash
memory programmer or an on-chip debug emulator.

P121/X1/OCDOA
Flash memory programmer connection Connect to Vss via a resistor.
On-chip debug During reset
emulator connection During reset released Input:  Connect to Voo or Vss via a
(when it is not used resistor.
as an on-chip debug Output: Leave open.
mode setting pin)

Remark X1 and X2 of the product with an on-chip debug function (xPD78F05xxD and 78F05xxDA) can be used as
on-chip debug mode setting pins (OCDOA, OCDO0B) when the on-chip debug function is used. For how to
connect an on-chip debug emulator (QB-MINI2), see CHAPTER 28 ON-CHIP DEBUG FUNCTION
(uPD78F05xxD AND 78F05xxDA ONLY).

Figure 5-22. Block Diagram of P120

EVoo
™1 WRru
L PU12
> PU120
P-ch
Alternate
function

RD
(2]
] — >
E | 5 o<]—o@]7
g & 3
s | 2
£

WRPpoRT
P12
N Output latch
~ (P120) © P120/INTPO/EXLVI
WRpem
PM12
S PM120
—~_

P12: Port register 12

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

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVob or EVss pin, replace EVpp with Vob, or replace EVss with Vss.
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78K0/Kx2
Figure 5-23. Block Diagram of P121 to P124
Y 7
OSCCTL
OSCSEL/
RD OSCSELS
| s NG
< | %
n
WRporT
P12
= P © P122/X2/EXCLK/OCDOB,
P124/XT2/EXCLKS
WRem
PM12
< PM122/PM124 ‘! N
OSCcCTL
OSCSEL/
OSCSELS OSCCTL
£ EXCLK, OSCSEL/
= EXCLKS, OSCSELS l ‘w
£
RD
| s NG
w
WRPporT
P12
Output latch
~ (P121/P123) © P121/X1/0CDOA,
P123/XT1
WRem
PM12
< PM121/PM123 {/(\
OSCCTL
OSCSEL/
OSCSELS
\J
P12: Port register 12
PU12: Pull-up resistor option register 12
PM12: Port mode register 12
OSCCTL: Clock operation mode select register
RD: Read signal
WRxx:  Write signal
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78K0/Kx2
5.2.10 Port 13
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P130 - et v
Note This is not mounted onto 38-pin and 44-pin products of the 78K0/KC2.
Remark +: Mounted, —: Not mounted
Port 13 is an output-only port.
Figure 5-24 shows a block diagram of port 13.
Figure 5-24. Block Diagram of P130
N\
RD

3

o)

©

S

(]

£ WRProRrT P13

Output latch |
(P130) I O P130
G

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

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

Reset signal

P130

!

Set by software
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5.2.11 Port 14
78K0/KB2 78K0/KC2 78K0/KD2 78K0/KE2 78K0/KF2
Products Products
whose flash whose flash
memory is memory is at
less than least
32 KB 48 KB
P140/PCL/INTP6 - e v y \/
P141/BUZ/BUSY0/ - - - P141/BUZ/INTP7""? N
INTP7
P142/SCKAQ - - - - y
P143/SIA0 - - - - y
P144/SOA0 - - - - v
P145/STBO - - - - y

Notes 1. This is not mounted onto 38-pin and 44-pin products of the 78K0/KC2.
2. The 78K0/KE2 products are not provided with the BUSYO input function.

Remark +: Mounted, —: Not mounted

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

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

Reset signal generation sets port 14 to input mode.

Figures 5-25 to 5-28 shows a block diagram of port 14.
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78K0/Kx2
Figure 5-25. Block Diagram of P140 and P141
EVoo
M-  WRpu
L PU14
S PU140, PU141
P-ch

D

o

Alternate
function
RD
l I 2
[&]
g [ ° | $
2 (%}
E WReorT
o P14
1S
A Output latch
~ (P140, P141)
WRem
PM14
S PM140, PM141
Alternate
function
%
P14: Port register 14
PU14: Pull-up resistor option register 14
PM14: Port mode register 14
RD: Read signal
WRxx: Write signal

——© P140/PCL/INTPS,
P141/BUZ/BUSYO/INTP7

Remark With products not provided with an EVob or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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Figure 5-26. Block Diagram of P142

EVoo
M-  WReu
l PU14
© PU142 ) | bch
-C
Alternate
function
RD
| e
& | 8
[
@ n
2 WRPpoRT
g P14
E A Output latch
~ (P142) ] ——O P142/SCKAO
WRem
PM14
S PM142
Alternate
function
AN

P14: Port register 14

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

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
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78K0/Kx2
Figure 5-27. Block Diagram of P143
EVop
™1 WRe
l PU14
O PU143 ) |
Alternate
function
RD
[2] ’
a 1 s o I_O< |7
e o ks
£ | [}
L (7]
= WRPoRT
P14
A Output latch
~ (P143) © P143/SI1A0
WRem
PM14
S PM143
—~_/
P14: Port register 14
PU14: Pull-up resistor option register 14
PM14: Port mode register 14
RD: Read signal
WRxx: Write signal
Remark With products not provided with an EVop or EVss pin, replace EVpp with Vop, or replace EVss with Vss.
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

Figure 5-28. Block Diagram of P144 and P145

EVoo
M  WReu
l PU14
© PU144, PU145 ) | bch
-C
RD
S
Jary | g ¥
| ©
® (%}
=}
o WRporT
g P14
[0]
= A Output latch
° (et —o fluso
WRem
PM14
S PM144, PM145
Alternate
function
N\

P14: Port register 14

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

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with Vss.
5.3 Registers Controlling Port Function

Port functions are controlled by the following four types of registers.

e Port mode registers (PMxx)

e Port registers (Pxx)

o Pull-up resistor option registers (PUxx)
e A/D port configuration register (ADPC)
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CHAPTER 5 PORT FUNCTIONS

(1) Port mode registers (PMxx)

These regqisters 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 5.5 Settings of Port

Mode Register and Output Latch When Using Alternate Function.

Figure 5-29. Format of Port Mode Register (78K0/KB2)

After reset
FFH

FFH

FFH

FFH

FFH

FFH

R/W

R/W

R/W

R/W

R/W

R/W

Symbol 7 6 5 4 3 2 1 0 Address
PMO | 1 1 | 1 | 1+ | 1 | 1 | pwot | Pmoo | FFooH
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PMi2 | PM11 | PM10 | FF21H
PM2 | 1 1 | 1 | 1 | Pves | Pm22 | Pm21 | PM20 | FR2zH
PM3 | 1 | 1 | 1 | w3 | Pv32 | P31 | PM30 | FFosH
PM6 | 1 1 | 1 | 1 | 1 | 1 | ewer | pveo | FroeH
PMi2 | 1 1 | 1 | 1 | 1 [pwize | pmi21 | Pmr2o | FrecH

PMmn Pmn pin /0 mode selection
(m=0t03,6,12;n=0t07)
0 Qutput mode (output buffer on)
1 Input mode (output buffer off)
Caution

Be sure to set bits 2 to 7 of PMO, bits 4 to 7 of PM2, bits 4 to 7 of PM3, bits 2 to 7 of PM6, bits 3

to7 of PM12to 1.

RO1UHOO08EJ0401 Rev.4.01

Jul 15, 2010

RENESAS

205



78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

Figure 5-30. Format of Port Mode Register (78K0/KC2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
mo | 1 | 1 | 1 | 1 | 1 | 1 | pPwmot | Pmoo | FF2oH FFH RIW

PM1 | PM17 | PM16 | PMi5s | PM14 | PM13 | PM12 | PM11 | PM10 | FF21H FFH RIW
PM2 | PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 | FF22H  FFH RW
s [T 7 T 7 T [ e Lot Toww ] reoon e
e (T T T T T T o ] e e
owo [T+ T+ [+ T oo [owes [wor [ ] reoon e e
PM7 | 1 | 1 [PM75"[pm74™®| PM73 | PM72 | PM71 | PM70 | FF27H FFH RIW
P2 | 1 | 1 | 1 | pmi2a | Pmi2s [ Pm122 | Pm121 | Pmizo | FR2cH  FFH RW
g [T T T T T T T e e e e
PMmn Pmn pin /O mode selection

(m=0t04,6,7,12,14,n=01t07)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note 48-pin products only

Caution For the 38-pin products, be sure to set bits 2 to 7 of PMO, bits 6 and 7 of PM2, bits 4 to 7 of PM3,
bits 2 to 7 of PM4, bits 4 to 7 of PM6, bits 4 to 7 of PM7, and bits 5 to 7 of PM12 to “1”. Also, be
sure to set bits 0 and 1 of PM4, and bits 2 and 3 of PM7 to “0”.
For the 44-pin products, be sure to set bits 2 to 7 of PMO, bits 4 to 7 of PM3, bits 2 to 7 of PM4,
bits 4 to 7 of PM6, bits 4 to 7 of PM7, and bits 5 to 7 of PM12 to “1”.
For the 48-pin products, be sure to set bits 2 to 7 of PMO, bits 4 to 7 of PM3, bits 2 to 7 of PM4,
bits 4 to 7 of PM6, bits 6 and 7 of PM7, bits 5 to 7 of PM12, and bits 1 to 7 of PM14 to “1”.
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS
Figure 5-31. Format of Port Mode Register (78K0/KD2)

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  R/W
o [T T+ T+ oo [ [ o] rromn e
PM1 | PM17 | Pm16 | PM15 | PM14 | PM13 | PM12 | PM11 | PMi0 | FR2tH  FFH RW
PM2 | PM27 | PM26 | PM25 | PM24 | PM23 | Pm22 | Pm21 | Pm20 | FF22H  FFH RW
Pm3 [ 1 | 1 | 1 | 1 | Pwvs3 | PM32 | PM31 | PM30 | FF28H  FFH RW
i [T T 7 T T T Tow L] reomt o
oo [T+ T T e T T [ ] reoon o
PM7 | PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 | FF27H  FFH RW
P2 | 1 | 1 | 1 | pmi2a | Pmi23 [ Pm122 | Pm121 | Pmizo | FF2cH  FFH RIW
e [T T T T T T T 7 T 7 7 o] s e w

PMmn

Pmn pin I/0 mode selection

(m=0t04,6,7,12,14;n=01t0 7)

QOutput mode (output buffer on)

Input mode (output buffer off)

Caution Be sure to set bits 4 to 7 of PMO, bits 4 to 7 of PM3, bits 2 to 7 of PM4, bits 4 to 7 of PM6, bits 5
to 7 of PM12, and bits 1 to 7 of PM14 to 1.
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Figure 5-32. Format of Port Mode Register (78K0/KE2)

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  R/W
PMo | 1 | Pmos | Pmos | Pmo4 | Pmo3 | Pmo2 | Pmot | Pmoo | FF2oH  FFH RW
PM1 | PM17 | Pmi6 | PM15 | PM14 | PM13 | PM12 | PM11 | PMi0 | FF2tH  FFH RW
PM2 | PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 | FF22H  FFH RW
s [T T [ T e [ Toww] reomn  rro o
s [T T+ [T [+ T [ Lo [rum ] reon von oo
s [T T+ T T Towes Toww o [ ] reomn  res oo
Pme | 1 | 1 | 1 | 1 | pwves | PMe2 | PMe1 | PMe0 | FF26H  FFH RIW
PM7 | PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 | FF27H  FFH RIW

Pmi2 | 1 | 1 | 1 | pmi2a | Pmi23 [ Pm122 | Pm121 | Pmi2o | FF2cH  FFH RIW
pmia | 1 | 1 [ 1 [ 1 [ 1 [ 1 |Pwiat|pPwmido | FFEH  FFH RW
PMmn Pmn pin /0 mode selection

(m=0t07,12,14;n=0t07)

0 Qutput mode (output buffer on)

1 Input mode (output buffer off)

Caution Be sure to set bit 7 of PMO, bits 4 to 7 of PM3, bits 4 to 7 of PM4, bits 4 to 7 of PM5, bits 4 to 7
of PM6, bits 5 to 7 of PM12, and bits 2 to 7 of PM14 to “1”.
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Figure 5-33. Format of Port Mode Register (78K0/KF2)

Symbol ! 6 5 4 3 2 1 0 Address  Afterreset ~ R/W
PMo | 1 | Pmos | Pmos | Pmo4 | Pmo3 | Pmo2 | Pmot | Pmoo | FF2oH  FFH RW

PM1 | PM17 | Pmi6 | PM15 | PM14 | PM13 | PM12 | PM11 | PMi0 | FF2tH  FFH RW
PM2 | PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 | FF22H  FFH RW
s [T T [ T e [ Toww] reomn  rro o
PM4 | PM47 | PM46 | PM45 | PM44 | PM43 | PM42 | PM41 | PMa0 | FF24H  FFH RIW
PM5 | PM57 | PMs6 | PMss | Pmsa | PMs3 | PMs2 | PMst | PMso | FRasH  FFH RW
PM6 | PM67 | PMe6 | PMe5 | PMe4 | PM63 | PM62 | PM61 | PM60 | FF26H  FFH RIW
PM7 | PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 | FF27H  FFH RIW
Pmi2 | 1 | 1 | 1 | pmi2a | Pmi23 [ Pm122 | Pm121 | Pmi2o | FF2cH  FFH RIW
PMia | 1 | 1 | PM145 | PM144 | PM143 | PM142 | PM141 | PM140 | FF2EH FFH RIW
PMmn Pmn pin /O mode selection

(m=0t07,12,14;n=0t07)

0 Qutput mode (output buffer on)

1 Input mode (output buffer off)

Caution Be sure to set bit 7 of PMO, bits 4 to 7 of PM3, bits 5 to 7 of PM12, and bits 6 and 7 of PM14 to
“1 7!-
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CHAPTER 5 PORT FUNCTIONS

(2) Port registers (Pxx)
These registers write the data that is output from the chip when data is output from a port.

If the data is read in the input mode, the pin level is read. If it is read in the output mode, the output latch value is

read.

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

Reset signal generation clears these registers to 00H.

Figure 5-34. Format of Port Register (78K0/KB2)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
o[ o | o | o | o | o | o | pot | Poo | FFOOH  0OH (outputlaich) RMW
Pt [ P17 | Pte | Pts | Pla | P13 | Pi2 | P11 | P10 | FFOIH  0OH (outputlaich) RMW
P2 o | o | o | o | P | P2 | P21 | Poo | FFO2H  00H (outputlaich) RW
P o | o | o | o | P | P2 | P31 | P30 | FFOBH  OOH (outputlatch) RW
P6 | 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ P61 \ P60 | FFOBH  0OH (outputlatch) R/W

P2 o | o | o | o | o [P12eMe|pramee] pr2o | FFOCH  00H (output latch) R/MW
Pmn m=0t03,6,12;,n=0to 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 “0”is always read from the output latch of P121 and P122 if the pin is in the external clock input mode.
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

Figure 5-35. Format of Port Register (78K0/KC2)

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  R/W
o [0 T o T o T o T o [ o [ v [roo ] rroo conumutenn aw
Pt | P17 | P16 | P15 | P1a | P13 | P12 | P11 | P10 | FFOIH  0OH (outputlaich) RMW
ve [Crer [ pa [ v [ pon [ oo [ ree [ ver [ om0 ] Fromt oohouputiaen
s [ [ o T o [ o [ 7w [ 7w [ vor [ Pa ] rrosn  conuputach)
e [0 T o [ o [ o T o T o oo [ow] rrom  oomcupuiaen
| o | o | o | o | pes | P2 | P61 | P60 | FFOBH  0OH (outputlatch) RMW
e [0 T 0 o [m ] oo [ o [ o [ 7 ] rrom oo oupitacn) Ao
P2 [ 0 | 0 | 0 |Preadprogeipizaz|piored pi2o | FFOCH  00H (outputlatch) AW

pig¥e’ | o | o | o | o | o [ o | o [P130™| FFODH  00H (outputlatch) RMW
Piaeet [0 | o | o | o | o | o | o [P140™'| FFOEH  0OH (outputlaich) RMW
Pmn m=0t04,6,7,12to14;n=0t0 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

Notes 1. 48-pin products only
2. “0”is always read from the output latch of P121 to P124 if the pin is in the external clock input mode.

Caution For the 38-pin products, be sure to set bits 6 and 7 of P2, bits 0 and 1 of P4, and bits 2 and 3 of
P7 to “0”.
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Figure 5-36. Format of Port Register (78K0/KD2)

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  R/W
o [0 T o [ o [ o T v [ roz [ por [ pov ] Frot  oohcuputiaen
Pt | P17 | P16 | P15 | P14 | P13 | P12 | P11 | P10 | FFOIH  0OH (outputlatch) RM
ve [Crer [ pa [ v [ pon [ v [ vee [ ver [ pmv ] Froms ook ouputiaen
s [ [ o T o [ o [Pm [ 7w [ v 7m0 ] Frosn  con uputact)
e [0 T o [ o [ o T o T o T rer Tvw] rrom  oonouputiaen
Pe| o | o | o | o | Pes | Pe2 | P61 | P60 | FFOBH  0OH (outputlaich) RM
P7 [ P77 | P76 | P7s | P74 | P73 | P72 | P71 | P70 | FFOTH  0OH (outputlatch) AW
P2 [ 0 | 0 | 0 |Proa|prag | pros'e | P2 | Pi2o | FFOCH  00H (outputlatch) AW

pa| o [ o | o | o | o | o | o [ P13 | FFODH 00H (outputlatch) RW
P14 | 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ P140 | FFOEH  OOH (output latch) R/W
Pmn m=0t04,6,7,12to14;n=0t0 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 “0”is always read from the output latch of P121 to P124 if the pin is in the external clock input mode.
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CHAPTER 5 PORT FUNCTIONS

Figure 5-37. Format of Port Register (78K0/KE2)

Symbol 7 6 5 4 3 2 1 0 Address Afterreset  R/W
Po [ o | Pos | Pos | Poa | P03 | Po2 | Po1 | P00 | FFOOH  0OH (outputlatch) R
Pt [ P17 | Pte | P15 | P1a | P13 | P12 | P11 | P10 | FFOIH  OOH (outputlaich) RMW
P2 | P27 | P26 | P2s | P2a | P23 | P22 | P21 | P20 | FFO2H  0OH (outputlatch) RMW
P o | o | o | o | P | P2 | P31 | P30 | FFOBH  0OH (outputlaich) RM
P& o | o | o | o | Pa3a | Paz | P41 | P40 | FFO4H  OOH (outputlaich) RMW
Ps [ o | o | o | o | psg | ps2 | P51 | Pso | FFOSH  0OH (outputlatch) RMW
P o | o | o | o | pea | Pe2 | Pe1 | P60 | FFOBH  OOH (outputlaich) R/MW
Pz | P77z | P76 | P7s | P7a | P73 | P72 | P71 | P70 | FFO7H  0OH (outputlatch) RMW
P2 [ o | o | o [P12ave|progien |prootee [proee | p12o | FFOCH  00H (output latch) RW
P3| o | o | o | o | o | o | o | P13 | FFODH 00H (outputlatch) RW
Pa| o | o [ o | o | o | o | P1ar [ P40 | FFOEH  00H (outputlatch) RMW

Pmn m=0t07,12to 14;n=0t0 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 “0”is always read from the output latch of P121 to P124 if the pin is in the external clock input mode.
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78K0/Kx2 CHAPTER 5 PORT FUNCTIONS

Figure 5-38. Format of Port Register (78K0/KF2)

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  R/W
Po [ o | Pos | Pos | Poa | P03 | Po2 | Po1 | P00 | FFOOH  0OH (outputlatch) R
Pt [ P17 | Pte | P15 | P1a | P13 | P12 | P11 | P10 | FFOIH  OOH (outputlaich) RMW
P2 | P27 | P26 | P2s | P24 | P23 | P22 | P21 | P20 | FFO2H  0OH (outputlatch) RMW
P o | o | o | o | P | P2 | P31 | P30 | FFOBH  0OH (outputlaich) RM
P4 | Pa7 | Pas | Pas | Paa | P43 | Paz | P41 | P40 | FFO4H  OOH (outputlaich) R/W
P5 |